The series of emails below was exchanged between all members of the WTCHP Scientific/Technical Advisory Committee (except as noted) in preparation for the Committee’s March 28, 2012 meeting.  The Committee exchanged emails to develop a draft of the Committee’s Report supporting the Committee’s eventual recommendations to the WTC Program Administrator on the petition to add cancer or a type of cancer to the list of covered WTC-related health conditions.  The Committee’s Report will be discussed and deliberated upon, along with the Committee’s final recommendations, during the March 28th meeting.   The sender of the email is identified by bold and underlining.  The date/time of the email is indicated below the sender’s name.  Any attachments, including draft report language, have been inserted with the emails they accompanied.

Elizabeth Ward (Committee Chair)
Friday, February 24, 2012 6:02 PM
Dear WTC STAC Committee members: 



As promised, attached please find a first draft of our response to Dr. Howard regarding the cancer petition and supporting documentation.  The references are incomplete as my reference manager program has not been working remotely so I will have to add them when I'm back in the office next week.   

Specific writing requests are highlighted in yellow for John, Glenn, Virginia, Bill, Tom, Steve M and Leo. 

Requests for additional imput from the committee on several topics are highlighted in yellow as well. 

I hope everyone will provide comments on what is written so far and and on any additional topics that  should be covered. 

Please return new text and comments to me as soon as possible, but no later than March 12.  Please feel free to share comments with all members of the STAC Committee when you send them to me.   

I will revise the document and get a draft back  to you by noon on March 23. 

If there are significant disagreements or issues related to the March 23 draft, I will highlight them in an email message so everyone will have the opportunity to think them over before the call. 

Guille Mejia
Mon 2/27/2012 2:26 PM


Attached, please find the draft with my initial comments.  I may have additional comments later on…
Tom Aldrich
02/27/2012 06:10 PM


Attached are my edits.  I made extensive suggested revisions to the section on completed incidence studies (pages 10-12) and made a couple of edits to table 4, correcting an error in stomach cancer SIR ratio and adding melanoma SIR data.
Bob Harrison
Tue 2/28/2012 12:04 AM



Nice work Liz.  I made some minor edits in tracking mode (on top of Tom's).

My main comment is that we ought to add a table that shows the WTC exposures that are putative carcinogens.  I think it's implicit in the text, but I think it would be helpful to actually have a list or table with references to the data that suggests these carcinogens were indeed present.  As the rationale for recommending cancer treatment is based on the likelihood that these exposures occurred, I think this would strengthen the letter.

Another point - we don't mention the issue of latency or dose in terms of risk or stratifying groups.  I believe we probably would not want to have a cutoff for duration or intensity of exposure, but the issue of latency might need to be discussed somehow.  Right now the letter is silent on these 2 issues, and we could conceivably leave it that way if we don't want to tackle this head on.

Julia Quint
Tue 2/28/2012 9:56 AM


Thanks for a great first draft and for getting it to us so quickly.
My edits on the letter are attached.  I am still working on the remainder of the document.  I will send the rest of my edits/comments as soon as possible.

John Dement
Tue 2/28/2012 10:58 AM
Thank you for all your efforts on behalf of our committee. I have attached an edited version with my suggestions. I added my edits to those provided by Tom and Bob. I have included the references which were discussed during our meeting.
William Rom
Wednesday, February 29, 2012 11:46 AM
Dear Elizabeth:
Really excellent first draft. I still have problems with the organ site list of cancers but think the justification exists for the sites in the letter and Tables—except for prostate which I favor deleting because of biological implausibility and any causative environmental or occupational exposures. I think that this is a surveillance effect. I added several lines on lung cancer and PM<2.5 microns.
Bob Harrison
Wed, 29 Feb 2012 19:46:17
>> I lean towards Bill's suggestion about prostate cancer. In my medical consultation on cases of firefighters who are covered under our California workers comp presumption law, I have not found evidence for occupational/environmental exposure and increased risk for prostate cancer.
Valerie Dabas
Wed 2/29/2012 3:18 PM
 I would have to disagree, I do not believe we can compare the fire's in California with the toxic exposures at ground zero.   From the meeting with the City Health Department last week regarding their cancer study they reported an excess for prostate cancer of 43% among responder with a SIR 1.43, Mount Sinai has also reported an increase and the Fire study sufficiently reduced their initial finding of 32% to 14% for surveillance bias.
Tom Aldrich
Wed 2/29/2012 4:06 PM
Regarding prostate cancer, I think the jury is still out.

We can't use word of mouth re Mt Sinai and registry results----without seeing the full peer-reviewed results, we can't know how severe the problems were with selection bias and surveillance bias.  

Regarding FDNY prostate cancer results, they seem to suggest that firefighting poses a risk of prostate cancer even in the absence of WTC exposure---SIR 1.35 with CIs that don't cross zero in the  unexposed firefighters.  That fits with prior studies that suggest a "probable" link between firefighting and prostate cancer with SIR  estimated at 1.28, from metaanalysis of 13 studies (see LeMasters et al, JOEM 48:1189-1202, 2006).  

The WTC-exposed FDNY group did not show an increased risk over unexposed, with estimated SIR ratio 0.90 (using correction for possible surveillance bias).  The CI was predictably wide (0.62 to 1.30), so an increased risk from WTC exposure on top of firefighting occupation is not ruled out (nor is a decreased risk).

Given the uncertainty, I think we should not expect an answer from epidemiology, but rely on what's known in the toxicology realm regarding potential risk of prostate cancer relative to the toxins known to be present. 
Kimberly Flynn
Wednesday, February 29, 2012 4:42 PM
I agree with Valerie. An expert present at the DOH briefing that Valerie referred to in her message said that we are seeing the signal of excess thyroid, prostate and blood cancers across 3 studies, with different methodologies and somewhat different, though not entirely distinct, cohorts. (This statement is not verbatim but very close.) 

At the last STAC meeting, there was much discussion about the importance in our deliberations of what was unique in the WTC disaster as a polluting event, including its sheer scale. The collapse of massive skyscrapers and the resulting pulverization of their substance and contents, the uncontrolled combustion for many months (that among other toxics, emitted the largest ever recorded releases of dioxins), the range and intensity of exposures that occurred in the morning of 9/11, and also those that occurred for weeks, months and in the case of indoor environments, for years. 

We know that responders and survivors were exposed simultaneously to complex mixtures, including multiple carcinogens, which have the potential to act synergistically.  And most people were not wearing PPE when they were exposed. These exposures would seem to be different in nature and scope from the most firefighters' occupational exposures, as they appear to have involved higher concentrations and greater combinations of toxic substances and had much longer duration.

In it's 2002 report on the WTC disaster, the Natural Resources Defense Council describes the WTC environmental disaster as 'an unprecedented environmental assault':
"The terror attacks on the World Trade Center, in addition to their 
heart-wrenching toll on human life and wide-ranging economic impacts, constituted an 
unprecedented environmental assault for Lower Manhattan. On that tragic morning, more 
than 1.2 million tons of building materials collapsed in the midst of one of the 
nation’s most densely populated neighborhoods. An intense fire, fueled by thousands 
of gallons of jet fuel, spewed toxic gases into the air. Asbestos, used in the 
construction of one of the towers, rained down over the streets. Burning computers and other 
electrical equipment sent dioxins, mercury and other hazardous substances into the drifting 
plume. Vast quantities of dust, glass and pulverized cement were blown throughout 
the surrounding neighborhood. For more than three months after the event, acrid smoke 
continued to waft into the air. Dust particles continued to be dispersed throughout the 
neighborhood from the site’s cleanup operations. 



[...]
Exposure to pollutants from the World Trade Center attacks has come 
primarily in three phases. First, the collapse of the two 110-story towers and 
adjacent structures generated high-intensity, peak pollution discharges on September 11th. 
Second, fires from the crash of two fuel-filled airliners into the Trade Center towers 
and fires and the resulting smoke plume at Ground Zero following the towers’ collapse 
created significant additional pollution discharges, which continued to some degree for at 
least three months.

Finally, the resuspension of asbestos, dust, pulverized cement, fiberglass etc., during the
cleanup and transport of wastes at Ground Zero and in cleanups of residences and office
buildings in the immediately surrounding area produced localized pollution hot spots.
While addressed to some degree as of February 2002, such hot spots still pose problems
in isolated locations (for example, improperly cleaned apartments and poorly cleaned
building rooftops and ventilation systems in Lower Manhattan).

 A major reason for concern is the large volume of toxic materials that was apparently
present in the World Trade Center towers. For example, by some accounts the north
tower had as much as 300 to 400 tons of asbestos.5 Also in the two towers were as many
as 50,000 personal computers, each of which contained a wide variety of harmful
constituents including four pounds of lead, as well as much lesser but still troubling
amounts of mercury. The towers also contained 300 mainframe computers, 
and powering all these devices were hundreds of miles of wires and cables containing 
polyvinyl chloride and copper. The thousands of fluorescent lights used 
in the towers also contained mercury, a toxic metal. In addition, large amounts of 
fiberglass, used in insulation, were contained in the towers. To this must be added the 
unknown tons of plastics, which when burned produce harmful dioxins and furans; an 
unknown amount of painted or stained products and materials, which were one of many 
sources of volatile organic compounds within the destroyed buildings; and thousands of 
chairs and other office furniture containing such chemicals as polybrominated diphenyl 
ethers, which are persistent organic pollutants believed to pose dangers similar to PCBs. 
Additionally, several storage tanks containing petroleum products and a number of 
small hazardous waste-generating entities at the World Trade Center complex, which were 
destroyed on September 11th, added to the toxic mix.6 And two Con Edison substations 
below 7 World Trade Center contained approximately 130,000 gallons of transformer oil 
contaminated with PCBs.7 This listing is only illustrative and does not capture the 
full breadth of the toxic constituents that were dispersed into the environment on September 
11th."

Glenn Talaska
Wed 2/29/2012 4:59 PM
Perhaps we need a discussion of the issue of increased surveillance and how it might impact the reported rate of prostate cancer.  I believe there is a literature on the issue.
Elizabeth Ward
Wed 2/29/2012 5:49 PM


 
As I think you all know, I wrote the draft document to reflect as best I could what I thought were the views of the committee, including the list of cancer sites generated from the general guidelines discussed at the meeting.  I was intending to follow-up by sharing my views and/or background material on a few topics, so will start with prostate (and thyroid), 

I too have qualms about including prostate cancer, for which the main usable evidence is the FDNY firefighter study results (I don't think we can consider the other studies until they're published or at least made available to us in a form that can be part of the public record, as some of the sampling reports were). (Note that in the draft that Tom edited, which was distributed last week, he fleshed out the description of the firefighter study and results).   

The main reason I am concerned about including prostate based on the firefighter study results is that it is known to be a cancer that a lot of men have for a long time without any symptoms.  This was originally learned from autopsy studies of men who died from other causes and were found to have cancers in their prostate.  Many studies have found, and many doctors believe, that many of the men diagnosed with prostate cancer as a result of a positive Prostate Specific Antigen (PSA) screening test, which represent a significant proportion of all men diagnosed with this cancer, would have lived for a long time with the cancer before without developing any symptoms, including some who would have died of other causes before the cancer would be diagnosed.  Thus, the surveillance bias issue is far more serious than it is for other cancers.  The FDNY study did attempt to control for surveillance bias by setting a two year lag time for screenable cancer and also stated that the stage distribution was no different from the general population. I  don't think 2 years is a long enough lag time for prostate cancer given what we know.  The fairly technical articles I've attached would suggest to correct for surveillance bias would require lagging more like 5 - 10 years.  The other issue is that the stage distribution will probably not be too informative with respect to surveillance bias, since 80% of men in the population are diagnosed at localized stage. 

I also agree with Bill that (unlike lung cancer for example) there has not been much evidence for associations between occupational and environmental exposures and prostate cancer.   

The decision of whether to include prostate is significant for a number of reasons: 
·  It is the most commonly diagnosed cancer, estimated to account for 241,000 of the 848,000 newly diagnosed cases among men in the US in 2012.  Therefore coverage will have a significant impact on program resources.
· There is enormous controversy about the benefits of screening, early detection and treatment.   Of two completed clinical trials of PSA screening, one showed a mortality benefit and one didn't.  Pretty much all treatment options, except watchful waiting, are associated with significant short-and long-term side effects.   
· 
Similar concerns could be raised about thyroid cancer.  Although there is no screening test recommended, it is likely to be detected by a physician noticing a nodule on a clinical exam or be noticed in an ultrasound or CAT scan taken for other reasons.  Like prostate, there is a fairly high prevalence of occult cancers at autopsy.  It is a less common cancer than prostate, and less well studied, so less direct evidence about what the lag time for surveillance bias should be.  Similar to prostate, almost all are diagnosed at early stage, so comparison of the stage distribution would be unlikely to reveal an impact of surveillance bias.   

Unlike prostate cancer, thyroid cancer has a well known environmental risk factor (ionizing radiation) which has been demonstrated both with respect to therapeutic radiation and I-131 contamination from nuclear fallout.  The morbidity from treatment is significantly less than for prostate cancer but it's unclear at this point what proportion of cases really need treatment to avert death or progression to a more clinically significant cancer.   

Although it is less common than prostate, the incidence of thyroid cancer is rising, it is estimated to account for 56,460 of the approximately 1.6 million cancers to be diagnosed in men and women in the US in 2012.   

  
Look forward to hearing other opinions. 
Bob Harrison
Wed 2/29/2012 5:51 PM
agree with Glenn - this topic has raised more discussion - maybe on our next call this should be an agenda item?

Glenn Talaska
Wed 2/29/2012 6:07 PM
I agree Liz.  There are 2 compounds, arsenic and cadmium, which are associated with an increase in prostate cancer.  Biological monitoring was done on 365   Firefighters both those who worked at the site and those who didn’t for urinary cadmium.  However, there was no bio measurement of arsenic.  As I noted in my talk, but didn’t embellish, unlike PAH, cadmium has a very long half life and if there was a significant exposure to it immediately after 9/11, the urinary levels would have remained elevated for some time.  That was NOT the case and the firefighters who worked after 9/11 had urinary cadmium levels that were statistically significantly lower than FF who never entered the site.   This is pretty good evidence that most workers at the site probably did not experience an exposure to cadmium right  after.   This reduces the biological plausibility for prostate cancer.  
Two caveats:  
Edelman did not show if there were any outliers in the cadmium data which would represent individuals who would have had a high exposure; if those persons exist and they developed prostate cancer I would be in support of including them.  In addition, less then 10% of all those who worked on the pile were sampled so we don’t know anything about the range in the total population
Also,  I can’t say anything about arsenic since no samples were collected.  
I hope this helps.
Susan Sidel
Wed 2/29/2012 6:54 PM
Initially, I was uncomfortable including prostate cancer because it is such a common cancer among men.  But as I got more information, I realized it was a common cancer for older men, not for men in their 30’s and 40’s as was the case(s) in our population(s).
For me a compelling argument for including prostate cancer is twofold:
1.   The average for age prostate cancer is 63 to 65. The FDNY and I believe the PBS/NYPD are seeing prostate cancer in WTC Responders that are in they’re 30's and 40's. That is highly unusual, particulary in large numbers. And,
2.   Ask yourself: Is it biologically plausible for to prematurely develop prostate cancer after being exposed to 72 different carcinogens, perhaps even all 72 carcinogens simultaneously; in the form of particles measured in micrometers or in aerosol form … Heated by 25,000 liters of jet fuel and 200,000 gallons of oil and insulating fluid (stored underneath 7 WTC by Con Edison and Mayor Giuliani. Gonzalez, Juan. Fallout. The New Times Press. NYC. 2002 
Cahill found petroleum burning in October 2001 one mile NW of Ground Zero where he was testing from a rooftop at 201 Varick Street.
Guille Mejia
Wed 2/29/2012 6:58 PM
Yes, we need to have this conversation on the 28th
Elizabeth Ward
Wed 2/29/2012 7:46 PM
Here is a table that shows the %'s of cancers diagnosed in each 10-year age for the major cancer sites.  To see it, copy it into your browser. 

http://seer.cancer.gov/csr/1975_2008/browse_csr.php?section=1&page=sect_01_table.10.html 

(This is just one of the ways to look at cancers by age - and many more Tables in the SEER Cancer Statistics Review where it came from). 

As you can see in this Table, although prostate cancer is most commonly diagnosed in older men, about 10% of patients are diagnosed under age 55.  It is also important to remember that the average age of cancer diagnosis in any group will depend on the age group being studied.  For example, the FDNY study was restricted to person-years under age 60 (i.e. once a person turned 60 their cancers and years of observation were no longer included in the study).  For most adult cancers whose risk increases substantially with age, the average age in the FDNY study would have to be much lower than the average age in the general population. (If they had not restricted to age < 60 byt 95% of their population was < 60 at the end of the study, you would still see a shift to younger average age among cancers diagnosed but it would perhaps be a little older). 

Epidemiologic studies (including the FDNY study) look at the look at the number of cases observed in the study compared to the number expected based on age, sex and other characteristics.  It's not possible to draw any conclusions about excess risks of cancer without that information.  It is very important that all the populations that can be clearly identified (such as police ofdficers) be studied in this way. 

Guille Mejia
Wed 2/29/2012 7:55 PM
Paul: I am just wondering if the email exchange
Presents a problem since the public is not being afforded
An opportunity to listen and provide comment. Regardless the coverage of 
Prostate cancers has to take place
Elizabeth Ward
Wed 2/29/2012 8:01 PM
1.  For the childhood cancers, we will need to agree on a definition.  This link will bring you to a table of childhood cancers in the way they're usually grouped: 

http://seer.cancer.gov/csr/1975_2008/browse_csr.php?section=29&page=sect_29_table.01.html 

Sometimes they are defined as cancers occurring at age 0-14, other times 0-19 - we probably should specify. 

2.  I tried to find some definitions of rare cancers.  I don't think there's one uniform definition. Part of the problem is that there's lots of different ways to classify cancer.   Here is one paper that looked at the issue. 

Bob Harrison
Wed 2/29/2012 11:27 PM
According to the paper that Liz attached, about 1/4 of all cancers are "rare," as defined by fewer than 150 incident cases per million/year. I don't think that is what we meant by "rare" cancers - but maybe someone recalls the gist of our discussion around this issue.

Paul Middendorf  (Designated Federal Official) [sent to Guille Mejia]
Thu 3/1/2012 7:18 AM
I think we’re ok because the whole committee is acting as a working group in developing the document (which is how the committee decided to act during the first meeting in November), and working groups do not have to do their work in an open meeting.  The whole document under consideration will be posted on the website several days ahead of time and will be presented and discussed in an open meeting.  A synopsis of the discussions that will have taken place within the working group will need to be presented in the open meeting.  The public will have their opportunity to make comments on the document, and at the meeting each member will have their opportunity to further discuss the document.  What the working group cannot do is take a vote and decide the document is the “final version” until it is discussed in the open meeting.  During the open meeting changes can be made to the document and then a vote can be taken.
I’m going to send something out to the whole group on this because if you’re concerned, then likely others are, too.

Susan Sidel
Mar 1, 2012, at 8:13 AM

I second Valerie's concerns even though we are a "working group".
That said, I'm wondering if we are going to need another phone meeting (for just a few extra hours) to review our letter and continue our robust discussion and if so, we should set that up now.
Our thinking doesn't have to be "all or nothing"  on prostate. If someone is young and sick with other WTC conditions, that particular early onset prostate cancer may be related to WTC exposure. We could have criteria  Also...we need to merge the document b/c several edits are not in later versions.

Elizabeth Ward
Thu 3/1/2012 8:19 AM
Bear in mind that we need to post a draft of our recommendations on March 23 so it is available to the public before the meeting on the 28th, and we will have only a few days after that meeting to produce the final document for Dr. Howard.  If we are divided on the topic of whether to list prostate and thyroid, or other major issues, we may have to ask everyone where they stand and rewrite the draft with majority and minority opinions.
Kimberly Flynn
Thu 3/1/2012 9:36 AM
Thank you for your message, Liz, and for your very fine first draft. Only after seeing the draft along with recent emails from STAC members have the implications of the approach we discussed at the meetings become clearer for me. 

Valerie said at our February meeting that she was not sure she agreed with the majority approach to including cancers until she saw the list of cancers recommended for WTC coverage. I feel the same way.

From our emails yesterday, you can see that a number of stakeholder reps, including myself, read the draft as recommending inclusion of prostate cancer (and, I'm assuming, thyroid cancer), based on the FDNY study. We know that the Sinai and DOH studies cannot be cited in the STAC's recommendation until those are published. But because we have all heard Dr. Landrigan's Feb 15 testimony and in addition, some of us were briefed by the DOH, I think we assumed that the data were trending in the direction of an excess of prostate, thyroid and blood/lymph cancers. (Sinai and DOH have controlled for surveillance bias in similar ways to the FDNY investigators, though I cannot tell you how many years delay each used in counting cases. Selection bias is different for each of these cohorts, as you know.) 

With the STAC emails and the clarifying information you provided last night, it appears that there is a strong opinion among some of the STAC scientists that the FDNY epi findings for prostate cancer with or without Dr. Landrigan's statements on the Sinai findings cannot be the basis for including it on the list, even using the standard of a 51% 'more likely than not' determination. 

Tom stated yesterday in his email that we should "rely on what's known in the toxicology realm regarding potential risk of prostate cancer relative to the toxins known to be present." Does the draft recommend inclusion of prostate cancer based on the presence of Arsenic and inorganic arsenic compounds or Cadmium and cadmium compounds in WTC dust/smoke, and IARC's determination that there is limited evidence that exposure can cause prostate cancer in humans? 

I may have further questions/comments, but first I need to better understand the draft's current rationale for inclusion/exclusion of cancer sites.

Valerie Dabas
Thu 3/1/2012 10:12 AM
Should we be having these these discussions via  e-mail in light of the FACA requirements?  Will the correspondence be available to the public on the NIOSH website? 

Paul Middendorf [sent to Valerie Dabas]
Thu 3/1/2012 10:18 AM
I think we’re ok because the whole committee is acting as a working group in developing the document (which is how the committee decided to act during the first meeting in November), and working groups do not have to do their work in an open meeting.  The whole document under consideration will be posted on the website several days ahead of time and will be presented and discussed in an open meeting.  A synopsis of the discussions that will have taken place within the work group will need to be presented in the open meeting.  The public will have their opportunity to make comments on the document, and at the meeting each member will have their opportunity to further discuss the document.  What the working group cannot do is take a vote and decide the document is the “final version” until it is discussed in the open meeting.  During the open meeting changes can be made to the document and then a vote can be taken.
I have a discussion scheduled with the attorney this afternoon and will add this issue to the list, and then I’ll send something out to the whole group on this because if you’re concerned, then likely others are, too.
Susan Sidel
Thu 3/1/2012 11:13 AM
I second Valerie's concerns even though we are a "working group". 

That said, I'm wondering if we are going to need another phone meeting (for just a few extra hours) to review our letter and continue our robust discussion 
and if so, we should set that up now. 

Our thinking doesn't have to be "all or nothing"  on prostate. If someone is young and sick with other WTC conditions, 
that particular early onset prostate cancer may be related to WTC exposure. We could have criteria 

Also...we need to merge the document b/c several edits are not in later versions.

Julia Quint
Thu 3/1/2012 11:34 AM
I am still editing the document.  When I am done, I will incorporate all of my edits into the latest edited version.  Thanks.

Guille Mejia [sent to Paul Middendorf]
Thu 3/1/2012 1:44 PM
Thanks for the clarification. 

Elizabeth Ward
Thu 3/1/2012 3:00 PM
Thanks for your question.  I think it will help clarify the process for all of us. 

Prostate was listed in the original draft based on two criteria; the results of the FDNY study and the IARC listing  of "limited evidence" in humans for cadmium and arsenic.  One of the reasons I thought it was useful to compile Table 3 with evidence from all 3 sources was to get a picture of how strong the evidence is for different sites. When I compiled the draft and the table, I tried to use a very wide screen, for example, I included sites where there positive data in the FDNY study, even is some were not statistically significant.  We didn't really have the opportunity to discuss the evidence on many sites in detail at the meeting, so in essence I think the "discussion" is being carried out through the email exchanges. 

Although perhaps we didn't say it as clearly as you and Valerie did, I think we were all agreeing on the approach of using the 3 sources of evidence to compile the list but not necessarily the final list.  Now we're looking at the results that came out of using the approach and sharing views about whether we agree that all of the cancers identified should be recommended to be listed as WTC-related conditions.  We also have the opportunity to point out if any cancers were missed in error or to make a compelling case to add others that were not identified by these methods. 

Based on looking more carefully at the prostate data as well as looking at other's comments I think there are a number of factors that weaken the argument including prostate cancer: 
· As Tom pointed out yesterday, the prostate findings from the FDNY study, while showing a positive signal, really are giving a mixed message, because the risk is elevated in both WTC-exposed and unexposed and is higher in the unexposed than the exposed when the lag time correction was made.  
· As I pointed out yesterday, prostate is a cancer where medical surveillance bias is going to be huge concern because of PSA testing.  The positive signal observed in the FDNY study in WTC-exposed and unexposed could very well just be a result of being in a medical surveillance program where PSA screening is offered (Tom - do you know if PSA screening is offered?).  The same problem will apply to other studies.
· With respect to what we know about potential exposures to cadmium and arsenic, the only two IARC Group 1 carcinogens for which prostate is listed as a site with limited evidence, Glenn pointed out that in the firefighter biomonitoring study, urinary cadmium levels were lower among WTC-exposed compared to unexposed individuals (arsenic was not measured).  In the Paul Lioy samples from Cortland, Cherry and Market Street, cadmium and arsenic levels were relatively low compared to levels of many other metals (for example, around 2500 ng/g for arsenic, 5700-8500 ng/g for Cadmium vs. 142,000 ng/g for lead for example. 
· Finally, there were some cancer sites included in the Table that IARC classified as having sufficient evidence in humans and others as having limited evidence.  Prostate was based on limited evidence for both arsenic and cadmium.  When you look at the IARC monographs, the evidence is really pretty weak and inconsistent for both (see:  http://monographs.iarc.fr/ENG/Monographs/vol100C/mono100C-8.pdf and http://monographs.iarc.fr/ENG/Monographs/vol100C/mono100C-6.pdf).

I hope this clarifies my thinking and how I see the process.  I am really striving to develop a draft that captures the recommendations of the committee, and if there is a difference of opinion on some points the next draft should reflect that. 



Elizabeth Ward
Thu 3/1/2012 3:36 PM
I know that at this point multiple versions of the document are being worked on.  If everyone sends me their comments on the draft they worked on I will sort it out with the help of a science editor.  I will also need to get all of the scientific references entered etc. once we're close to a final on the March 23 draft.
Susan Sidel
Thu 3/1/2012 3:39 PM
I really appreciate all your patience in explaining all of this and sending extra info along.
We can never forget that the WTC was an extraordinary experience. We LIVED in that dust... I say that as a Volunteer at GZ and a Resident.
 287 chemicals and chemical groups  are cited in the First Periodic Review on page 39
Out of  72 IARC carcinogen present at the WTC, we chose to include only 18 carcinogens and their associated cancer sites b/c they have human data (I think I have that right?). 
I do not think we can choose among those results. I really do believe that we could create a criteria such as:
1.    Prior to prostate diagnosis, there was diagnosis and treatment of other WTC related conditions.
2.    Person is under the age of 55.
3.    The WTCHP Administrator will have to certify their prostate cancer is WTC related.
This will never be linear. Biological plausibility is just standard
Paul Middendorf
Thu 3/1/2012 4:10 PM
HI, All
I have to put on my DFO hat at this point and make sure that the committee is not moving too far into discussion of the issues.  Because the committee is working on this as a whole group rather than as a work group which is smaller than the quorum size, it complicates things.  Some of the email conversation today may be crossing the line between accumulating information for discussion at the meeting and holding a discussion by email.   The back and forth editing on the document could be problematic.
This process needs to be like the process used for the research recommendations.  The information should be one way to the Chair who will compile the information and put it together into a document.  The Chair can go back to individuals to ask for clarification or insight, but not hold a discussion with the entire group. That document will be the one that is put up on the web for the public and the committee to view and react to.  Obviously with the limited time to meet, it will be a burden to thoroughly address each issue at the upcoming meeting.

Tom Aldrich
Fri 3/2/2012 8:55 AM
Regarding PSA screening, it was part of FDNY's regular wellness exams (every 18 mo or so) ever since 1996.  Compliance was not as good pre-9/11 as post-9/11

Glenn Talaska [sent to Paul Middendorf only]
Fri 3/2/2012 3:59 PM


Paul, here is a copy of my additions to Liz's first draft.  I sent a copy to her, but have not heard that she received it.  Could you reply when you get it?  Thanks.
Catherine Hughes
Sat 3/3/2012 8:25 PM
Thank you very much, Liz, for your all your work on this draft document -- and everyone's contributions at the meeting and on this document.

Please find below a few suggested edits:
1. Bioaccumulative properties -  There should be at least some discussion addressing the bioaccumulative characteristics/impact of some WTC compounds.  For example, dioxins (characterized by the EPA as a likely human carcinogens) were present, are persistent, and bioaccumulate in human tissue.
1. Synergistic effects - There should also be a discussion addressing the synergistic impact (known and unknown) of so many toxins at elevated temperatures.
1. Where ionization smoke detectors present at the WTC?  They use a small radioactive source as a key component in detecting smoke particles.  The Radionuclide used in ionization smoke detectors is an oxide of americium-241. If so, the thin foil surrounding the americium could have been punctured and destroyed in the fire.  If so, radioactivity could have leaked into the environment.  If so, could this have had an impact on the thyroid.
1. Lip Cancer - If we are including skin cancer, then why are we also not including lip cancer when lips were equally exposed to the WTC smoke and dust? 
1. Dates that should be included in document include:
4. May 30, 2002 -flatbed trailer carried out the last steel beam from the WTC
4. February 2010 - demolition of 130 Liberty (aka Deutsche Bank) completed
1. Limitations of Cancer Sites, Sensitivity of Carcinogenic Potential and List of Carcinogens - should be included; there were chemical found in the WTC smoke and dust that may never have been tested for their carcinogenic potential. From  Cogliano's article:
5. p. 1834 -- "Further research often finds additional cancer sites....These new findings provide a compelling reason to regard every list of cancer sites as a work in progress, which may be amended if subsequent research provides strong evidence of additional cancer sites."  
5. p. 1837 -- "Further research has confirmed carcinogenic potential under conditions of lower exposure...."
5. p. 1837 -- "A Growing List of New Carcinogens ... new research continues to find additional human carcinogens...."
Virginia Weaver [sent to Liz Ward and cc’d to Paul Middendorf]
Tue 3/6/2012 2:59 PM



Based on my understanding of Paul’s emails from 3/1, I am sending directly to you (rather than the group) my inserted text on metals and VOCs (in attached) and two concerns on the rest of the document below. If Paul thinks it is appropriate to send to the whole group, I am fine with that as well.
I was not on the phone for the afternoon of the last meeting in NYC so I missed the discussion. However, I have two main concerns:
1. Reliance on Zeig-Owens to select cancer sites in Table 4. This is an important article and it has been reviewed in at least two journal clubs at Johns Hopkins so far. The concern raised in those conferences is that latency is very short and the data to date on cancer in fire fighters without WTC exposures support an increased risk of cancer from their occupational exposures. There is substantial overlap between cancer sites in Table 5 in the LeMasters meta-analysis of fire fighters (who did not have WTC exposures) (attached) and  Zeig-Owens. Tom Aldrich has already pointed this out for prostate, which is the cancer that has resulted in the most discussion among the group to date. Thus, the concern with Zeig-Owens et al. is that excluding a role for past fire fighter exposures in cancers diagnosed soon after 9/11 is difficult.  The authors discuss recent declines in exposure but, based on traditional latency, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.
1. Perhaps we were told something different during the part of the meeting I missed, but it seems to me that we will likely be asked to address cancer again as a committee regardless of what we conclude now. Therefore, starting by recommending inclusion of cancers that are most scientifically supportable  (given the existing data limitations and uncertainties) and adding additional cancers in the future should result in more credibility for our conclusions than adding controversial cancers now and having the initial work product of the committee criticized in the scientific community. As we learned from the U.S. Preventive Services Task Force’s experience with mammography in women age 40-50, it is much easier to add than take away. Is there a role for a focused set of cancers initially with NCI input going forward that would allow us to end up with a final robust list?

Paul Middendorf [sent to Virginia Weaver. Elizabeth Ward,  and Emily Howell]
Tuesday, March 06, 2012 3:14 PM
I think it’s ok to share information that is being submitted for the report.  What we need to avoid is discussion of the information in the email traffic that occurs.  That discussion needs to take place, but it needs to occur in an open meeting.  The report needs to include the various viewpoints and the rationale for those viewpoints to help the program administrator when he has to make decisions.
Virginia Weaver [sent to Liz Ward , Paul Middendorf, and Emily Howell]
Tue 3/6/2012 3:17 PM
So does this mean I should send my edits to the group but not the comments below? Or both but the group can then not have an email discussion on those comments? Thanks for the clarification. 
Paul Middendorf [sent to Virginia Weaver. Elizabeth Ward,  and Emily Howell]
Tuesday, March 06, 2012 3:19 PM
Sorry, I guess I wasn’t clear enough.  I think it’s ok to share the report info, but #1 and #2 are discussion issues that should be raised in the open meeting.
Julia Quint
Wed 3/7/2012 12:04 AM




My comments on the draft letter and document are attached.  As indicated, I made substantial changes to the Mechanisms of Carcinogenesis section, so I am also including my rewrite so that it is easier to read.  A new Table 5 that I constructed and refer to in the text is also attached.  Please let me know if you have questions.

I wasn't sure whether I was supposed to send a copy of my comments to the committee, so I am only planning to send them to Susan Sidel, in response to her request.  Please let me know if that is OK or if I should circulate them to the committee.

Many thanks for your tireless efforts on behalf of our committee.  
Elizabeth Ward
On Mar 7, 2012, at 3:13 AM
Thanks Julia. You can send to the whole committee.  We just can't get into a "dialogue" via email.

Virginia Weaver [[sent to Paul Middendorf. Elizabeth Ward,  and Emily Howell]
Wed 3/7/2012 10:02 AM
Paul – So I will email my edits to the group. My remaining questions are:
1. Should I include table 5 from LeMasters in the email so people can see it if I have the opportunity to mention it during our conference call?
1. Should I add my first comment below into Table 4 as a comment before I send my edits?
Thank you
Paul Middendorf
Wed 3/7/2012 10:34 AM
As for table 5, I think if you want it shared during the meeting you should send it to me and I will be able to post it when you want to refer to it.  That way everyone can see it –including the public.    And this suggests to me that I need to send an email to everyone suggesting that if they have graphics that they will want to refer to they should send them to me so I can preload them and have them available.  Hopefully I won’t get overloaded.
You should suggest adding text to the report that will cover the gist of the comment.  If you think that adding a table demonstrating the overlap between Zeig-Owens findings and Lemasters findings would be helpful, providing that would be appropriate.
Virginia Weaver
Wed 3/7/2012 7:29 PM
Paul – here is Table 5 for posting. I’m not sure we need a table of comparisons yet. I added comment #1 as a comment in the section on Zeig Owens written by Tom Aldrich in attached. I’m not sure if it can stay as a comment. If not, I will remove it and try to raise it during the call. 
Paul Middendorf [sent to Virginia Weaver and cc’d Elizabeth Ward]
Thursday, March 08, 2012 8:53 AM
Stepping back for just a moment, my goal is to give you guidance on how to write the document, but not to tell you what to put in it.  What the report needs to do is provide the various viewpoints and the rationale for those viewpoints.  
So, I think most of the comment should be reserved for the discussion.  What should be done is to suggest wording on how you think the report should written to incorporate your thoughts while not eliminating others’ thoughts and perspectives.
If this isn’t clear enough, let me know and I’ll try to help some more.
Virginia Weaver [sent to Paul Middendorf and cc’d Elizabeth Ward]
Thu 3/8/2012 9:26 AM
Elizabeth Ward
Thursday, March 08, 2012 10:59 AM
Dear WTC STAC Committee members: 

Apparently there is some confusion about the deadline for receipt of edits on the draft document.  Here is  the timeline I sent out with the draft: 

As promised, attached please find a first draft of our response to Dr. Howard regarding the cancer petition and supporting documentation.  The references are incomplete as my reference manager program has not been working remotely so I will have to add them when I'm back in the office next week.   

Specific writing requests are highlighted in yellow for John, Glenn, Virginia, Bill, Tom, Steve M and Leo. 

Requests for additional input from the committee on several topics are highlighted in yellow as well. 

I hope everyone will provide comments on what is written so far and and on any additional topics that  should be covered. 

Please return new text and comments to me as soon as possible, but no later than March 12.  Please feel free to share comments with all members of the STAC Committee when you send them to me.   

I will revise the document and get a draft back  to you by noon on March 23. 

If there are significant disagreements or issues related to the March 23 draft, I will highlight them in an email message so everyone will have the opportunity to think them over before the call. 

Let me know if you have any questions.
Julia Quint
Wed 3/7/2012 11:15 AM




My comments on the draft recommendations on the cancer petition are attached.  A new Table 5 that I constructed and refer to in the revised text on Mechanisms of Carcinogenesis, and a copy of the Mechanisms of Carcinogenesis section (with changes saved) to which I made substantial changes,  also are attached.

Bob Harrison
Wed 3/7/2012 12:05 PM
May I suggest we place the issue of dose and duration of exposure on our agenda?  We have not mentioned anything in the current draft about whether there ought to be a "threshold" for dose or duration of exposure to WTC dust.  I like Julia's additional sentence about short term exposure (1 to 90 days) in experimental systems that can lead to cancer, but we may want to expand on this point and add some references about relatively short term exposures leading to increased cancer risks.  Relative to many worker health studies, for most individuals the WTC exposures were relatively "brief," (eg. months and not years), and our recommendations that cancer be covered under the Zadroga Act will add important foundational rationale for the concept of relatively short term exposure.

Likewise, we have not discussed the issue of latency (as defined by either the time between first exposure or last exposure to disease onset).  I am not sure if the Zadroga Act covers only newly cancers going forward (in which case latency might not be important as it is now >10 years out), but if the coverage is applied retrospectively to previously diagnosed cancers this could be important to discuss.

Virginia Weaver
Wed 3/7/2012 7:29 PM



Paul – here is Table 5 for posting. I’m not sure we need a table of comparisons yet. I added comment #1 as a comment in the section on Zeig Owens written by Tom Aldrich in attached. I’m not sure if it can stay as a comment. If not, I will remove it and try to raise it during the call. 

Virginia Weaver
Thu 3/8/2012 10:09 AM


Attached please find the text I added on metals and VOCs as well as an edit on interpretation of Zeig-Owens et al. 

Virginia Weaver
Thu 3/8/2012 10:14 AM
I agree, I think these are important items to discuss in the document as well.
Paul Middendorf
Thu 3/8/2012 10:19 AM
Because it will not be possible to add information after the meeting, and the meeting is very short, it would be best to get any suggested wording into the document that will be posted ~March 23 for discussion at the meeting.

Leo Trasande
Thu 3/8/2012 10:27 AM
Paul

Can you clarify the deadline for submitting proposed edits?

Paul Middendorf
Thu 3/8/2012 10:35 AM
The draft version to be discussed at the meeting needs to be provided to me by noon on March 23 so it can be posted on the Committee's website.  This will allow the public a reasonable amount of time to download and read it so they can make comments to the committee if they choose.

Liz will need to address when the last of the proposed edits need to be to her so she can finish the draft for posting.

Any final content changes must occur during the open meeting.  Only minor copy editing changes can be made by  the Chair (or whichever committee member is designated to accomplish that task) after the meeting.

Let me know if I need to clarify anything further.

Julia Quint
Fri 3/9/2012 2:19 PM


I found another reference related to the duration of exposure and cancer.  I have attached my additional edits (in bold) to the information in the draft on pages 4 and 5.  The reference is provided.
Steve Markowitz [Paul Middendorf excluded]
Saturday, March 10, 2012 3:18 PM


All - Attached is Liz's chain email draft (received from Virginia on 3/8/12) with my edits. I added a small section on rare cancers at the end of the text and made some phrasing suggestions.

On the issue of prostate cancer, i don't think the scientific facts that we have in hand, both WTC-related (including FF cancer study) and the overall field, permit us to say that prostate cancer is reasonably likely to be related to WTC exposures. I agree with Liz and Bill that the cadmium and arsenic non-WTC literature are weak. However, given the fact that at least two new epidemiological studies will likely be published soon (though not before April 2) and that they may shed light on this issue, we should  say, both in general and about prostate cancer in particular, that  forthcoming epidemiologic studies of cancer among WTC-exposed populations may shed further light on these issues and that our recommendations should be viewed in light of the new findings.

Tom Aldrich [Paul Middendorf excluded]
Saturday, March 10, 2012 4:27 PM


[bookmark: _GoBack]I added a few items to Steve's version. Some of these were items I had previous inadvertently sent to Liz w/o cc'ing the rest of the STAC and some are new

One issue that bothers me a bit is latency, esp for solid tumors.  The ~20 year latency we talk about is an average.  There must be a few percent of persons whose latency is much less than that (and a few percent with much longer latencies). So, if we see 20-30% more cancers in exposed than unexposed at 7 years, that can either mean the data are wrong (due to surveillance bias or something else) or that we're seeing the low-end tail of a much bigger phenomenon. 
Leo Trasande [Paul Middendorf excluded]
Sun, Mar 11, 2012 9:56 pm


I've addended two paragraphs outlining rationale for inclusion of pediatric cancers.

Kimberly Flynn [Paul Middendorf excluded]
Sun, Mar 11, 2012 11:24 am






I am attaching a list of abstracts for the major studies of 9/11-related physical health impacts to survivors. I am also attaching the studies to this email and to my next. 

One study I would especially like to bring to the attention of STAC members is the 'adverse home conditions' study by Lin, et al., for which the link on the NIOSH website is currently malfunctioning.

More to come.
Kimberly Flynn [Paul Middendorf excluded]
Sun, Mar 11, 2012 11:50 am





Attached are 3 additional studies of 9/11-related physical health impacts to survivors. Below, I am pasting in the medline abstracts for the studies of window films conducted by the Diamond group, referred to on p.4 of the current draft STAC recommendations document. If someone has those studies handy, I would be grateful if you would provide them to us.


Environ Sci Technol. 2005 Apr 1;39(7):1995-2003.
Polychlorinated dioxins and furans from the World Trade Center attacks in exterior window films from lower Manhattan in New York City.
Rayne S, Ikonomou MG, Butt CM, Diamond ML, Truong J.
Source
Department of Chemistry, University of Victoria, Victoria, BC, Canada.
Abstract
Samples of ambient organic films deposited on exterior window surfaces from lower Manhattan and Brooklyn in New York City were collected six weeks after the terrorist attacks at the World Trade Center (WTC) on September 11, 2001 and analyzed for polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). Total tetra- through octa-CDD/F concentrations in window films within 1 km of the WTC site in lower Manhattan ranged up to 630,000 pg/m2 (estimated as a mass concentration of ca. 1,300,000 pg/ g) and a maximum toxic equivalent (TEQ) concentration of 4700 TEQ/m2 (ca. 10 000 pg TEQ/g). Measurements at a background site 3.5 km away in Brooklyn showed lower concentrations at 130 pg TEQ/m2 (260 pg TEQ/g). Ambient gas-phase PCDD/F concentrations estimated for each site using an equilibrium partitioning model suggested concentrations ranging from ca. 2700 fg-TEQ/m3 near the WTC site to the more typical urban concentration of 20 fg-TEQ/m3 atthe Brooklyn site. Multivariate analyses of 2,3,7,8-substitued congeners and homologue group profiles suggested unique patterns in films near the WTC site compared to that observed at background sites in the study area and in other literature-derived combustion source profiles. Homologue profiles near the WTC site were dominated by tetra-, penta-, and Hexa-CDD/Fs, and 2,3,7,8-substituted profiles contained mostly octa- and hexachlorinated congeners. In comparison, profiles in Brooklyn and near mid-Manhattan exhibited congener and homologue patterns comprised mainly of hepta- and octa-CDDs, similar to that commonly reported in background air and soil.
PMID:
------------------------------ 
Environ Sci Technol. 2004 Jul 1;38(13):3514-24.
Semivolatile organic compounds in window films from lower Manhattan after the September 11th World Trade Center attacks.
Butt CM, Diamond ML, Truong J, Ikonomou MG, Helm PA, Stern GA.
Source
Department of Geography, University of Toronto, Toronto, Ontario, Canada.
Abstract
The September 11th World Trade Center (WTC) terrorist attacks resulted in the large-scale release of contaminants that were deposited on the environment of New York City (NYC). Six weeks after the attacks, samples of an organic film on window surfaces were collected and analyzed for polybrominated diphenyl ethers (PBDE), polychlorinated biphenyls (PCB), polychlorinated naphthalenes (PCN), polycyclic aromatic hydrocarbons (PAH), and organochlorine pesticides (OCPs). Concentrations dropped by an order of magnitude within 1 km of the WTC and reached background concentrations by 3.5 km. Concentrations within 1 km of the WTC averaged 3280 ng/m2 for sigmaPBDE, 900 ng/m2 for sigmaPCB, 33 ng/m2 for sigmaPCN, and 77100 ng/m2 for sigmaPAH. Congener profiles of the sites nearest the WTC suggested a combination of combustion and evaporative sources of all compounds, whereas the background sites exhibited profiles consistent with evaporative sources. PBDE profiles showed enrichment in lower molecular weight congeners near the WTC, suggesting that these congeners were formed as a result of the combustion conditions. Homologue fractions of PCN combustion markers were approximately 2-9 times greater at near WTC sites compared to background NYC. Gas-phase air concentrations were back-calculated from measured film concentrations using the film-air partition coefficient (KFA), and calculated air concentrations followed spatial trends observed in films.
Kimberly Flynn [Paul Middendorf excluded]
Tue, Mar 13, 2012 4:47 pm






 
Please accept my sincere apologies for getting these comments to you after the deadline. Locating documents and studies took much longer than I had anticipated.
Susan Sidel
Tue 3/13/2012 5:07 PM


Follows are some comments and questions as well as my edit. 

 1.   	 It seems no on has just one WTC health issue: do we know many issue most R’s and S’s have on average?
2.	 With the afore mentioned in mind, will the existence of multiple chronic illnesses compromise the body’s ability
	 to  fight cancer and withstand treatment and cancer drugs?
3. 	In the case of cancers unrelated to the WTC,  if treatment is drawn out due to pre-existing WTC health issues, is that an issue we should address?
4. 	Do we know how many people in the various populations receive chest X-rays versus CT Scans? 
5. 	Should STAC explore the collection and filtering of WTC data in real-time by the WTCHP's. 
	For many reasons including lack of funding, it was not feasible for the programs to do this work.	Has that changed?
On another note, I am really moved by the time and energy  you all have dedicated to writing and reviewing this paper. 
Thank you so much.
Elizabeth Ward
Mon 3/19/2012 6:55 PM


 
Dear STAC members: 

Thank you all for your comments and contributions to drafting the recommendations.  I am attaching a draft of the document in which I have tried to capture all comments and additions: 

A couple of important points to understand before you start reading: 
· Based on the comments received, Paul and I thought it would be best to allow the committee to discuss and vote on the option of including all cancers again before discussing the alternative of listing only specific sites and discussing (and then voting on) the rationale for each.  Thus, the draft text for both options is included in the draft  cover letter to Dr. Howard.  If we do choose to list all cancers, we can use the text regarding evidence for specific sites or site groupings as supplementary material. 
· I ran out of time to complete my final editing of the document so the last sections still need work, and there are still formatting problems and references to add, especially later in the document.  I will be working on these problems.  I recognize that some of the table numbers in the text need correction as I was vacillating about whether the newly added Table 1 should stay in or go out.   
· As has been pointed out by some committee members, there are some inconsistencies between NIOSH's lists and my lists for some agents and cancer sites.  We have reconciled most of them and will add a footnote that we are standardizing agents to the IARC listings and relying on the IARC evidence for human cancer sites.  There is still one important inconsistency on whether to list 2,3,7,8-TCDD, which is currently included in Table 2 and 4, which I created, but not in the NIOSH list.  I only realized this inconsistency today, so need to get with Paul and Glenn to figure out what to do (I know why the inconsistency occurred based on reading the NIOSH document but it may (in my opinion) make sense to include it and note the reason for the inconsistency, especially since it has some bearing on the arguments for whether to include cancer of all sites). 
· Please read through the document as a whole before commenting.  I really tried hard to incorporate everyone's perspectives even though you may not see specific suggestions incorporated at the exact place you would expect to find them. 
· 
In commenting on this version, please note that this document should capture a synopsis of the views and perspectives of the committee on the petition to add cancer, or a type of cancer, to the list of WTC-related conditions in the Zadroga Act, the recommendation(s) of the committee at this time, and the underlying scientific rationale for the recommendation(s).  The purpose of circulating the document at this point is: (1) to give you the opportunity to bring to my attention any serious omissions or errors before the document is posted for public comment on March 23 and (2) to give you the opportunity to let me know if you feel that the draft does not adequately express your views & suggest specific revisions if it does not.  Please try to have any comments to me by noon on Wednesday March 23 so I can have time to incorporate them in the draft for public comment.   

It is important that everyone understands that any revisions to the document posted on March 23 must be made and approved by the committee during the March 28 meeting.  The time we have available for the meeting is limited, so committee members should not attempt to restate all of the issues and details of their perspectives that were addressed and expressed in the previous meetings because those are already part of the public record in the transcripts.  The Program Administrator has access to all of those documents and can use them as needed to inform decisions going forward.  During the meeting the committee members should focus on whether the document summarizes those perspectives and suggest edits needed to ensure the concepts are embodied in the document.  Major editing will not be possible during this short meeting, so some judgment should be exercised to suggest changes that substantively alter the document rather than minor issues. 

In addition to the draft recommendations in a Word document, I am also circulating a PDF of a Table from a meta analysis of studies of cancer in firefighters which Virginia suggested that I add.  The document also makes reference to an Appendix with site and histology codes for lymphatic and hematopoeitic cancers which I will add to the final document. 

Thanks in advance for your understanding of any rough spots in the document. 
Bob Harrison
Tue 3/20/2012 1:12 AM

thanks Liz this looks very good to me.  I have 2 general comments:

1- I am still not clear on the issue of latency as it pertains to the Zadroga Act.  If our recommendations eventually are accepted and become regulation, will cancers be covered retroactively?  If this is the case, the issue of latency for solid tumors becomes important (generally I believe the literature would support at least 10 years).  If cancers are only covered prospectively, then this issue is moot.  Can you or Paul clarify that point?

2- I recommend making a distinction between non-Hodgkin and Hodgkin lymphoma.  I believe the epi and animal data in support of the latter is weaker, and so we ought to recommend covering only the former.   I suspect that is what we intended, but now the document states "lymphoma" which may be unclear.  The most current classification system is the WHO 2008.

Guille Meija
Wed 3/21/2012 11:04 AM


Liz:  Attached is the doc with my comments.  I apologize for not thanking you earlier for your great effort and success in capturing all that has been discussed.  Your leadership is greatly appreciated.

Paul Middendorf
Mar 21, 2012, at 11:16 AM



Good morning,
Some concerns have been expressed about the process of developing the Committee’s draft report which will support the recommendations the Committee will make during the March 28, 2012 meeting.  Dr. Howard, the Program Administrator, has been advised of these concerns and is sending the attached letter to the Committee explaining the nature of “preparatory work” under FACA.  Please take a few minutes to read it.
In addition, to ensure the openness of this process, the string of emails and documents attached to those emails related to development of the draft report have been compiled into a document which will be posted to the Committee’s docket (#248).  The letter and a link to the document will be posted on the Committee’s website.
 Please contact me if you have any questions or comments. 
Susan Sidel [sent to Paul Middendorf]
Wed 3/21/2012 3:12 PM	
Does this mean prostate and thyroid will be on the draft discussed on 2/28?
Paul Middendorf [sent to Susan Sidel]
Wed 3/21/2012 3:19 PM
I’m assuming you mean 3/28.
If you look in the draft Liz sent out on Monday, it contains both prostate and thyroid for discussion:
From p. 7 in the draft:
· The committee recommends that prostate cancer be listed as a WTC-related condition.  IARC has found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes prostate cancer.  Although arsenic and cadmium were present in dust samples from the WTC area, concentrations of these metals were relatively low compared to other metals such as lead and zinc (Plumlee, Hageman et al. 2005)  The Zeig-Owens study found a significantly elevated SIR of 1.49 for exposed firefighters compared to the general population, but risk was also significantly elevated for non-exposed firefighters (SIR=1.35).  The SIR for exposed compared to non-exposed firefighters was 1.11 and nonsignificant.  Correction for surveillance bias for exposed firefighters reduced the SIR to 1.11 (non-significant).  The elevated SIR observed for non-exposed firefighters is consistent with a recent meta-analysis of 32 epidemiologic studies of firefighters which found a statistically significant summary risk of 1.28 for prostate cancer (LeMasters, Genaidy et al. 2006).  Prostate cancer is also recognized to be more likely than other cancers to be over diagnosed, a term used to mean that a cancer is diagnosed and treated that would not otherwise go on to cause symptoms or death (Welch and Black 2010), and a 2-year lag period may not be sufficient to fully account for surveillance bias. 
And later….
· The committee recommends that thyroid cancer be listed as a WTC-related  condition. Thyroid cancer has not been associated with any of the agents known to be present at the WTC and the primary evidence for an excess risk comes from the Zeig-Owens study.   In that study, 17 thyroid cancers were observed and 6 expected based on national rates, yielding a statistically significant SIR of 3.07.  The SIR was 5.21 and statistically significant compared with unexposed firefighters, and was 2.17 and significant after a two year lag was applied.   The magnitude of the SIR for thyroid cancer was relatively large, although the significance of this finding is tempered by the possibility that a 2 year lag would not fully account for medical surveillance bias.   

Susan Sidel [sent to Paul Middendorf]
Wed 3/21/2012 3:49 PM
I'll check my laptop, but I did not get Monday's draft. Can you pls send it.

Paul Middendorf [sent to Susan Sidel]
Wed 3/21/2012 3:52 PM


 
Let me know when you get this.

Susan Sidel
Wed 3/21/2012 4:17 PM
Not sure why I didn't get this. We had problems with VIOS last Monday, but they were fixed by 6 pm...
Thank so much Paul.
Did I miss anything else?
Paul Middendorf [sent to Susan Sidel]
There were several emails sent to the Committee and I will forward each of them.

[Note – the emails from Bob Harrison to the full committee on Tuesday, March 20, 2012 1:12 AM, and from Guille Mejia on Wednesday, March 21, 2012 11:04 AM to the full committee were forwarded to Susan Sidel at 4:20pm on 3/21/2012]

Susan Sidel [to Paul Middendorf]
Wed 3/21/2012 6:44 PM
I seem to also be missing the email Bob sent to the STAC this week.
Is it possible my address was not on the last draft?

We had VIOS out here on Monday to work on our land line, which could explain the draft, but not Bob's email.

It's kind of weird b/c even if VIOS was down, I should have received the draft emails on my 3G iPhone. Or emails should have been on the mac server.

It's all I can think of...

Arghhh!  Technology!


Paul Middendorf [sent to Susan Sidel]
Thu 3/22/2012 6:52 AM

Your email was on the "TO:" line for all of the emails, so something happened in transit.  Technology is wonderful when it works, but it clearly isn't 100% effective.

Kimberly Flynn [Paul Middendorf excluded]
Thu, Mar 22, 2012 1:10 pm
Subject: Re: Draft of STAC Committee recommendations
Thank you for your March revision of the STAC’s draft recommendation in response to the petition to add cancers. First, I wish to express my appreciation for your work and the work of all the STAC experts in providing sections of the draft, especially in light of the extremely tight deadline for the recommendation to be provided to NIOSH.
 I apologize for the lateness of these comments, but find that it is difficult as a layperson for me to respond to a lengthy and technically detailed document under the time pressures we are all facing. 
 I hope to give you a small set of edits as ‘track changes’ to the document later today.
Below are a number of additional issues and concerns I would like to raise.
 Letter
It is critical that the letter to Dr. Howard include survivors in the list of populations with high prevalence of acute symptoms and chronic conditions. There is a substantial body of peer-reviewed studies finding WTC health impacts to residents, students and area worker, and not only  ‘qualitative descriptions of exposure conditions in downtown Manhattan,’ etc. 
 Option 1
I believe the bracketed text in italics on page 4 should be deleted from the recommendation. As I understand, implementation of the STAC’s recommendation does not fall within the STAC’s purview. The regulations that will implement the recommendation will be the product of a legally mandated process that includes, most prominently, the WTC Administrator, along with the medical, scientific and administrative expertise at the WTC Health Program’s Clinical Centers and Data Centers and the public.  
 I took it to be the understanding that Options 1 and 2 would be presented as two alternatives, with the strongest possible scientific case being presented for each. In the rationale put forward for Option 1 (all cancers), the Edelman paper is cited as "reasonably strong evidence against substantial dioxin exposures” in a highly exposed population, undercutting the possibility that WTC-related exposures to 2,3,7,8 TCDD could have increased the risk of ‘all cancers combined’ that IARC associates with dioxins. Given the serious limitations of the Edelman study (discussed below), this dismissal of dioxins seems unjustified.
 Option 1 is extremely compressed. Some of the arguments given in the list of reasons supporting Option 1 at the bottom of page 3 warrant further elaboration.   
 In addition, the current text for Option 1 should be strengthened to include the example of the synergistic effects of combined exposures to tobacco smoking and asbestos, and any other evidence of synergies that multiply the harm to human health, along with evidence of additive risk. 
 2,3,7,8 TCDD
As you know, 2,3,7,8 TCDD was present at high levels in pollution released from the WTC site on and after 9/11. Page 18 of the revised draft cites findings of this most toxic of the dioxin congeners at hundreds of times background levels in window films. The inconsistency between the NIOSH list and the IARC list that you refer to in your March 20 email with respect to 2,3,7,8 TCDD should be resolved in favor of inclusion of the congener in any and all lists of cancer-casing substances present at WTC.
 Edelman, et al.
Too much emphasis is being placed on the Edelman study, which has serious limitations. Its findings are being used as if they can serve as ‘surrogates’ for the exposures of all WTC-affected populations. We do not know how representative these findings are, as a gauge of exposures. If antinomy was significantly elevated in exposed firefighters’ urines, then we should assume it was present and available in WTC dust/aerosols. The same is not true for negative findings. Given the uneven distribution of toxic substances released on 9/11 and suspended or combusting thereafter, a negative finding does not indicate the absence of exposures. To cite one example, the low finding on lead by Edelman has always been puzzling to anyone who has reviewed EPA sampling data showing lead contamination in WTC dust in buildings which contain no lead paint, at levels of concern. 
 Major limitations of the study are stated in the revised draft on page 17 and include: 
-         the fact that sampling did not begin until approximately 3 weeks after 9/11;
-         the fact that the study considers only exposures averaged across a cohort in which there may have been subgroups getting much higher doses; and 
-         the study fails to relate the dates of exposure to the dates of sampling.
I will venture another limitation, as regards exposures to WTC dioxins, including 2,3,7,8 TCDD, a long-lived toxin known to accumulate in the body. Biomonitoring of exposed and control group firefighters was not repeated and thus could not capture exposures to dioxins that would have continued into late November and included ‘some of the highest ambient concentrations ever recorded.’ In order to more fully consider the role a chemical might play in causing cancer, especially if, like dioxin, the chemical  is persistent and bioaccumulates, it is essential to have data re: cumulative exposures.
Kimberly Flynn [to Paul Middendorf]
Thu 3/22/2012 1:40 PM
Several sets of comments re: the STAC recommendation have not been included among the emails posted today to the NIOSH docket. 
Here is one email, and I will be re-sending 2 others

Paul Middendorf [to Kimberly Flynn]
Thu 3/22/2012 1:46 PM
Since I was not included on the emails I had no way of including them in the list of emails.

Kimberly Flynn [to Paul Middendorf]
Thursday, March 22, 2012 1:47 PM
Thanks, Paul. I had no idea that you were not included and would never have knowingly excluded you. Is there a way to get my communications included now?

Paul Middendorf [to Kimberly Flynn]
Thu, Mar 22, 2012 1:49 pm
Possibly.
Kimberly Flynn [to Paul Middendorf]
Thu 3/22/2012 1:53 PM
I would appreciate it. It is particularly important to include the survivor health studies I provided to the STAC. In the future, I will check to make sure that your email is on the send list!

Paul Middendorf
Thu 3/22/2012 2:05 PM
Hi, All
It has just been brought to my attention that the listing of emails related to the development of the Report is missing emails.  Several have been forwarded to me.  In looking at them I was not on the ‘To:” or “CC:” lines.  For all future communications with the STAC you must include me.
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 John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. Environmental sampling has identified a total of 287 chemicals and chemical groups in the WTC area following the September 11, 2001 terrorist attacks[footnoteRef:1].   Of these 287, the committee’s conclusions are based on the presence of 72 chemical agents This conclusion is based on the presence of  known and potential carcinogens in the smoke, dust,aerosals and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis.  [1:  NIOSH [2011].  First periodic review of: Scientific and medical evidence related to cancer for the World Trade Center Health Program.  National Institute for Occupational Safety and Health, Cincinnati, OH, DHHS (NIOSH) Publication No. 2011-197. [http://www.cdc.gov/niosh/docs/2011-197/pdfs/2011-197.pdf] p.36
] 


The committee deliberated at length on whether to designate specific cancers to be included in Tthe List, with some members proposing to include all cancers,  rationales being: 1. Cancers outcomes are likely to be negatively impacted in the setting of multiple, pre-existing WTC illnesses, particularly if the same area is affected and 2. The exact impact of exposure to 287 chemicals, simultaneously or in multiples thereof, in particulate and/or aerosol form, at extremely high temperatures, is not known. It is biologically plausible that any cancer could occur following such an overwhelming assault on the human body.	Comment by Susan Sidel: WTCHP doc’s… Don’t people usually have >1  WTC related illness ?

Others on the committee favored listing specific cancers based on several other lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC, should be generated from several sources:others 

 in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.	Comment by Susan Sidel: We heard specific examples of rare cancers at the Feb. STAC meeting from people w/ other WTC ailments. 



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx	Comment by Susan Sidel: Lip, Mouth, Tongue? We served food in our tent literally steps from the Pile. I doubt The Spirit of America (boat) or The Marriott Hotel where food was served 24/7 were tested and abated. Both locations served food prepared by Daniel Bouley and other top NYC chef’s. It wasn’t until many week into cleanup that boots were washed down b/f entering these areas. 

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid	Comment by Susan Sidel: Is there a nexus b/w immunoglobulin’s and thyroid (excluding Graves disease, Hoshimoto ,hyperthyroid?) 

I people diagnosed with abnormal immunoglobulins igG, igA.  


· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history.  In fact, NYC’s chief medical examiner, Dr. Charles S. Hirsch, determined that the death of Felicia Dunn-Jones, 5 months after being engulfed in the dust cloud, was directly linked to WTC dust. [footnoteRef:2] On 9/11/01, Ms. Jones, a civil rights attorney was trying to escape the area and was caught in the dust cloud, for minutes, near her office, a block away from the WTC.  An autopsy determined Ms. Dunn-Jones had sarcoidosis, traditionally associated with environmental exposure. 2   [2:  http://www.nytimes.com/2007/05/24/nyregion/24dust.html] 


We believe that to be the case, both because of thethe enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.	Comment by Susan Sidel: Pls read Cate Jenkins 2006 letter to IOG (on FTP) and 2007 (http://www.journalof911studies.com/)Letter to IOG on Lioy’s methods 



The committee believes that  both responder populations and area residents, office- and workers, school children and other students,   had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by Susan Sidel: Glenn discussed resting breath, as the standard in most occupational studies vs. heavy exertion breath demanded by much of the work on The Pile and even in other aspects of various jobs.  ie. Pushing a heavy handcart of supplies. 	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize  than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. 

New layers of exposure were created Others worked, attended school or lived near sites where debris was transported or during the eight months and 19 day “official” WTC clean up period[footnoteRef:3]. Multiple layers of dust were deposited in homes, schools and offices  along the transportation routes of trucks and barges en route to the Fresh Kills Landfill on Staten Island, New York. transferred inThis transfer process processes that continued to generate and distribute toxin-laden dusts throughout the entire clean up period, well after the initial exposure event..   [3:  WTC Cleanup officially ended on May,30, 2002.] 


ManyStill others volunteered in support activities near the site a area residents, s well as residing in the communityvolunteered in support activities at and/or around Ground Zero, as well as residing in the area. . Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. The Committee heard testimony from area residents, students and workers on the many complex issues surrounding the difficulties in effecting a to timely remediation.. 

Longer, lower-level exposures may be a particular issue for individuals with pre-existing asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002) . Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones , but this has not been addressed extensively iobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated. However, an alternative explanation for these findings is that pre-9/11 occupational exposures to carcinogens from fire fighting are contributing to the observed cancer increase. Only hematopoetic malignancies, such as the acute leukemias, have latencies short enough to result in increased rates from 9/11 exposures within the time frame covered. A recent meta-analysis (LeMasters et al .  JOEM 2006) on cancer in fire fighters found increased risk estimates for 10 of the 20 cancers examined. This increased baseline risk is evident in the FDNY WTC study for prostate cancer in which both 9/11 exposed and unexposed fire fighters have significantly increased risks. Further, there is overlap between significantly increased cancers in Table 5 in the meta-analysis and two of the three cancers in the WTC study with SIR ratios approaching significance (thyroid cancer was not included in the meta-analysis). Zeig-Owens et al. discuss recent declines in exposure but, due to the long time between exposure onset and cancer diagnosis for chemically-related cancers, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.



Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.
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Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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John Howard, M.STACD.


Administrator, World Trade Center Health Program


Centers for Disease Control and Prevention (CDC)


National Institute for Occupational Safety and Health (NIOSH)


395 E. St, S.W.


Suite 9200, Patriots Plaza


Washington, D.C. 20201


Dear Dr. Howard:


We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).


The STAC has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that exposures resulting from the collapse of the buildings and high-temperature fires are likely to increase the probability of developing some cancers. This conclusion is based primarily on the presence of approximately 70 known and potential carcinogens in the smoke, dust, volatile and semi-volatile contaminants identified at the World Trade Center site (Table 1). Fifteen of these substances are classified by the International Agency for Research on Cancer (IARC) as known to cause cancer in humans, 37 are classified by the National Toxicology Program (NTP) as reasonably anticipated to cause cancer in humans; others  are classified by IARC as probable and possible carcinogens.  Many of these carcinogens are genotoxic and it is therefore assumed that any level of exposure carries some risk.   Exposure data are extremely limited.  No data were collected in the first 4 days when the highest levels of air contaminants occurred, and the variety of samples taken on or after September 16, 2001 are insufficient to provide quantitative estimates of exposure on an individual or area level.  However, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in large numbers of rescue, recovery, clean up and restoration workers, as well as qualitative descriptions of exposure conditions in downtown Manhattan, represent highly credible evidence that significant toxic exposures occurred.  Furthermore, the salient biological reaction that underlies many currently recognized WTC health conditions – persistent inflammation – is now believed to be an important mechanism underlying cancer through generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. Given that cancer latencies for solid tumors average 20 years or more, , it is noteworthy that the published FDNY study of fire fighters showed a statistically significant excess in cancer of all sites with only 7 years of follow-up. 


The committee deliberated  on whether to designate all cancers as WTC-related conditions or to list only cancers with the strongest evidence.   Some members proposed to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others argued for the alternative  listing specific cancers best available evidence. The committee agreed as a next step to generate a list of cancers potentially related to WTC exposures from three sources:


(1) cancers with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs reviews for carcinogens present at the WTC site (Table 2); 


(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 3); and 


(3) cancers for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 4).The organ sites identified from any of the three sources are listed in Table 4, along with a summary of evidence from each source. With respect to the use of the IARC data to identify potential cancer sites in humans, the committee wishes to emphasize that the body of evidence regarding carcinogenicity of substances present in WTC dusts and smoke is not limited to those considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal studies and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding organ sites of carcinogenicity in humans. 


In addition to the organ sites identified in Table 4, the Committee also agreed to consider the inclusion of rare cancers and childhood cancers.   After further review and discussion of the strength of the evidence for including all cancers and the alternative of including specific cancer site groupings and sites, the committee makes the following recommendations  which will be based on discussonsit’s the March 28 meeting:


Option 1:  Recommend that all cancers be added to the list of WTC-related conditions


As noted above, one rationale for including all cancers is the incomplete and limited epidemiological data available to identify specific organ sites.  There is also some evidence from two of the three sources used by the STAC to identify potentially WTC-related organ sites.  One line of evidence is that for 2,3,7,8-tetrachlorobenzo-para-dioxin (TCDD), an IARC Group 1 carcinogen identified in air and surface samples taken around the WTC site, sufficient evidence for carcinogenicity in humans is based on excess in cancer of all sites combined, with limited evidence  for soft tissue sarcoma, non-Hodgkin lymphoma and cancer of the lung.  The primary mechanism of action of TCDD, which is binding and activation of the aryl hydrocarbon hydroxylase receptor (AhR), is consistent with the potential for TCDD exposure to enhance the carcinogenicity of chemical exposures at multiple sites by increasing rates of metabolic activation to epoxides and other DNA-reactive agents (http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-27.pdf).  The second line of evidence is that the FDNY firefighters study also found a statistically significant excess of cancers of all sites for WTC-exposed compared to unexposed firefighters.  As discussed in Section  2.c. of the supporting document, evidence for the intensity of WTC-related TCDD exposures is limited.  Elevated air levels of TCDD were measured in area air samples taken at the periphery of the WTC site, and concentrations of TCDD in window films taken from adjacent buildings were substantially higher than those more distant from the site.  On the other hand, the Edelman et al. study of blood samples from FDNY firefighters did not find elevated levels of dioxin-like compounds in highly WTC exposed firefighters compared to controls.  This is reasonably strong evidence against substantial dioxin exposures given the long (approximately 7-year) half-life of TCDD and the inclusion of highly exposed FDNY firefighters in the study.  The results of the study of cancer incidence among FDNY firefighters,  discussed in Section 4 of the supporting document,  are generally supportive of a small excess risk of cancers of all sites combined among exposed firefighters, although adjustment for surveillance bias substantially weakened the association. 

In addition to the evidence from the sources used by the committee to compile a list of WTC-related cancers, arguments in favor of listing all cancers include the presence of multiple exposures and mixtures with the potential to act synergistically and to produce unexpected health effects, the major gaps in the data with respect to the range and levels of carcinogens, the potential for heterogeneous exposures and hot spots representing exceptionally high or unique exposures both on the WTC site and in surrounding communities, the potential for bioaccumulation of some of the compounds, limitations of testing for carcinogenicity of many of the 287 agents and chemical groups cited in the first NIOSH Periodic Review, the large volume of toxic materials  present in the WTC towers, and lack of certainty in the evidence for targeting specific organs or organ site groupings as WTC-related. An additional concern is that much of the data used to identify sites of carcinogenicity in humans is from occupational studies of highly exposed industrial populations, which generally did not include women.  Thus, the availability of epidemiologic data on environmental causes of female breast cancer and cancers of the female reproductive organs is limited.    


[There are several concerns about the option of listing all cancers as WTC-related conditions.  The objective of the committee is to provide advice that is scientifically credible and evidence-based as well as in the best interest of affected populations from a medical and public health perspective.  While it may appear that listing all cancers as potentially WTC-related is in the best interest of affected populations, in practice, it may not be. One concern is that if our conclusions are not well supported and credible in the scientific community, they may be rejected by the Administrator and diminish the impact of the STAC’s recommendations in the future.  In addition, there is a potential for genuine harm to the WTC health programs and the populations they serve if the definition of potentially WTC-realted cancers is overly broad.   Since cancer is a very common disease, it can be predicted that a large number of people with cancer would apply for coverage by the WTC Health Program, and quite likely the vast majority of those who have cancers with no or little evidence of association with WTC-exposure would be denied.   Medical resources required to conduct these evaluations would be substantial, and even if increased resources are made available, will likely divert program resources and reduce quality of care to those with well-documented WTC-related diseases.  In addition, for cancers with weak or no evidence for association with WTC exposure, it will be difficult to develop criteria that health care providers can reliably apply to certify that a cancer is WTC-related.  This could result in inconsistency in decisions made by individual health care providers, and undermine confidence in the fairness and objectivity of the certification process.  At an individual level, if all cancers are listed as WTC-related, a large number of cancer patients who would request certifcation that their condition is WTC-related would likely be denied.  This could cause additional stress to individuals already experiencing emotional distress, anxiety and discomfort related to their cancer diagnosis and treatment.]  

Option 2:  Recommend that selected cancers and cancer site groupings with the strongest evidence be added to the list of WTC-related conditions (each to be discussed and voted on individually):


The committee recommends listing of the following site grouping and sites (each to be discussed and voted on separately) be listed as WTC-related conditions based on the strength of the evidence summarized in Table 4: 

· The committee recommends that malignant neoplasms of the respiratory system (including nose, nasal cavity and middle ear (ICD-O-3 site codes C300-C301, C310-319), larynx C320-C329), lung and bronchus (CC340-C349), pleura (C384), trachea, mediastinum and other respiratory organs (C339, C381-C383, C388, C390, C398, C399)) be listed as WTC-related conditions.  These cancers are associated with exposure to many carcinogenic agents of concern at the WTC, including arsenic, asbestos, beryllium, cadmium, chromium, nickel, silica dust and soot.  The respiratory tract is also an the major site for acute and chronic toxicity resulting from WTC-exposures, including chronic nasopharyngitis, upper airway hyperreactivity, chronic laryngitis, interstitial lung disease, chronic respiratory disorder – fumes/vapors, reactive airways disease syndrome (RADS) and chronic cough syndrome.  Although the Zeig-Owens study did not find evidence for an increased risk of lung or other respiratory cancers among FDNY firefighters, both internal and external comparisons may have been affected by greater declines in smoking among WTC-exposed firefighters (due in part to their respiratory symptoms) than unexposed firefighters or the general public. Commendably, in 2002 a joint labor-management initiative offered a comprehensive voluntary smoking cessation program free of charge to FDNY smokers and family members Bars, Banauch et al. 2006


( ADDIN EN.CITE )
.  Smoking cessation reduces lung cancer rates within 5-10 years after quitting.  Thus, any increased risk of lung cancer associated with WTC exposures may have been obscured by lower rates of smoking-related lung cancer. 


· The committee recommends that certain cancers of the digestive system, including esophagus,(C150-C159), stomach (CC160-C169), colon and rectum (C180-189, C260, C199, C209), liver and intrahepatic bile duct (C220-CC221), retroperitoneum, peritoneum, omentum and mesentery (C481-C282) be listed as WTC-related conditions.   Esophageal cancer is associated with tetrachloroethylene, stomach cancer is associated with asbestos and inorganic lead compounds and colorectal cancer is associated with asbestos (Table 3).  Cancer of the liver has been associated with vinyl chloride, arsenic and inorganic arsenic compounds, polychlorinated biphenyls, and trichloroethylene (Table 3).  Gastrointestinal reflux disease (GERD) is associated with cancer of the esophagus, especially if it progresses to Barrett esophagus.  Since cancer of the distal esophagus. gastroesophageal junction and gastric cardia share common risk factors, Table 3 shows GERD as a WTC-related condition for stomach as well as esophageal cancer.   The Zeig-Owens study found evidence of an increased risk of stomach (including gastro-esophageal junction) and colorectal cancer among FDNY firefighters.   

· The committee recommends that cancers of the oral cavity and pharynx, including lip (C000-C009), tongue (C019-C029), salivary gland (C079-C089), floor of mouth (C040-C049), gum and other mouth (C030-C039, C050-C059, C060-C069), nasopharynx (CC110-C119), tonsil (C090-C099), oropharynx (C100-C109), hypopharynx (C129, C130-139) and other oral cavity and pharynx (C140-C179) be listed as WTC-related conditions.  IARC has found limited evidence that asbestos causes pharyngeal cancer in humans and sufficient evidence that formaldehyde causes cancer of the nasopharynx.  The lip, oral cavity and pharynx are areas with high potential for direct exposure to toxic materials through hand-to-mouth contact. 

· The committee recommends that soft tissue sarcomas (C380, C470-C479, C490-C499) be listed as WTC-related conditions.  IARC has found limited evidence for increased risk of soft tissue sarcoma associated with exposure to polychorophenols and their sodium salts  and 2,3,7,8-TCDD.  Soft tissue sarcoma rates rates are very low in the general population (age-adjusted incidence rate approximately 3 per 100,000) and therefore excesses are difficult to detect in epidemiologic studies.     


· The committee recommends that melanoma (C440-449) and non-melanoma skin cancers, including scrotal cancer, be listed as WTC-related conditions. According to IARC, skin cancer is associated with exposure to arsenic and inorganic arsenic compounds and soot (Table 3).  The Zeig-Owens study found a statistically significant increase in melanoma among exposed firefighters compared to the general population; the Standardized Incidence Ratio (SIR) was slightly larger but not significant when compared to non-exposed firefighters.  No adjustment for surveillance bias was reported for malignant melanoma although early detection through medical surveillance is likely.


· The committee recommends that mesothelioma of the pleura and peritoneum (ICD-O-3 histology 9050-9055) be listed as WTC-related conditions.  Asbestos exposure is the only known cause of mesothelioma, and mesotheliomas have been documented in association with very low levels of community or household contact with asbestos. Mesothelioma rates are very low in the general population (age-adjusted incidence rate approximately 1 per 100,000) and therefore excesses are difficult to detect in epidemiologic studies.     


· The committee recommends that cancer of the ovary (C569) be listed as a WTC-related condition.  IARC has found sufficient evidence that asbestos exposure causes ovarian cancer.  The incidence of ovarian cancer is relatively low (age-adjusted incidence rate approximately 6 per 100,000 women) and therefore difficult to detect in epidemiologic studies.     


· The committee recommends that prostate cancer be listed as a WTC-related condition.  IARC has found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes prostate cancer.  Although arsenic and cadmium were present in dust samples from the WTC area, concentrations of these metals were relatively low compared to other metals such as lead and zinc Plumlee, Hageman et al. 2005()
  The Zeig-Owens study found a significantly elevated SIR of 1.49 for exposed firefighters compared to the general population, but risk was also significantly elevated for non-exposed firefighters (SIR=1.35).  The SIR for exposed compared to non-exposed firefighters was 1.11 and nonsignificant.  Correction for surveillance bias for exposed firefighters reduced the SIR to 1.11 (non-significant).  The elevated SIR observed for non-exposed firefighters is consistent with a recent meta-analysis of 32 epidemiologic studies of firefighters which found a statistically significant summary risk of 1.28 for prostate cancer LeMasters, Genaidy et al. 2006()
.  Prostate cancer is also recognized to be more likely than other cancers to be over diagnosed, a term used to mean that a cancer is diagnosed and treated that would not otherwise go on to cause symptoms or death Welch and Black 2010


( ADDIN EN.CITE )
, and a 2-year lag period may not be sufficient to fully account for surveillance bias. 

· The committee recommends that cancers of the urinary tract, including urinary bladder (C670-670), kidney and renal pelvis (C649, C659), ureter (CC669), and other urinary organs (C680-C689) be listed as WTC-related conditions.  IARC found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes kidney cancer, sufficient evidence that arsenic and inorganic arsenic compounds” cause cancer of the urinary bladder, and limited evidence that diesel engine exhaust and soot cause cancer of the urinary bladder.  Transitional cell cancers of the renal pelvis, ureter and urinary bladder have been associated with a number of occupational and environmental exposures.   

· The committee recommends that cancer of the eye and orbit (C690-C699) be listed as a WTC-related  condition for individuals engaged in welding.  Welding is considered by IARC to have sufficient evidence for cancer of the eye.

·  The committee recommends that thyroid cancer be listed as a WTC-related  condition. Thyroid cancer has not been associated with any of the agents known to be present at the WTC and the primary evidence for an excess risk comes from the Zeig-Owens study.   In that study, 17 thyroid cancers were observed and 6 expected based on national rates, yielding a statistically significant SIR of 3.07.  The SIR was 5.21 and statistically significant compared with unexposed firefighters, and was 2.17 and significant after a two year lag was applied.   The magnitude of the SIR for thyroid cancer was relatively large, although the significance of this finding is tempered by the possibility that a 2 year lag would not fully account for medical surveillance bias.   

· The committee recommends that lymphoma, leukemia and myeloma (see Appendix 1 for ICDO-3 site and histology codes) be listed as WTC-related conditions. All lymphatic and hematopoietic cancers (LHC’s) are combined in this document because of variation in how these cancers have been classified and grouped in epidemiologic studies, inaccuracy of death certificate diagnosis for these cancers and changes in clinical nomenclature over time.  Various LHC’s have been associated in humans with exposure to benzene, 1,3-butadiene, formaldehyde, polychlorophenols or their sodium salts (combined exposures), styrene and 2,3,7,8-tetrachlorodibenzo-para-dioxin (Table 3).  In addition, the Zeig-Owens study found a statistically significant increase in non-Hodgkin lymphoma which was only modestly attenuated when adjusted for surveillance bias.  Case-series reports have noted that a potential excess of multiple myeloma among WTC responders Moline, Herbert et al. 2009


( ADDIN EN.CITE )
.  LHC’s are associated with a variety of carcinogenic exposures; elevated rates of some LHC’s have been observed in atomic bomb survivors as well as cancer patients treated with radiation and some forms of chemotherapy.  The average latency for LHC’s after radiation or chemical exposure is generally shorter (< 10 years) than for solid tumors (> 20 years). Many leukemogens, including benzene, radiation and chemotherapy agents are associated with bone marrow toxicity at high doses.   Some LHC’s are associated with immunosuppression (such as AID’s related lymphomas) while others appear to be related to immune stimulation, including inflammation Purdue, Lan et al. 2011()
. It is increasingly recognized that many LHC’s have pre-clinical phases, and the STAC recommends that the pre-malignant and myelodysplastic diseases be included as WTC-related conditions as well. 

The committee recommends that childhood cancers (all cancers diagnosed in persons less than 19 years old) be listed as WTC-related conditions.  The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.National Research 1993()
 Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.Thurlbeck 1982


( ADDIN EN.CITE ; Trasande and Thurston 2005)
  

· The committee recommends that rare cancers be listed as WTC-related conditions.


The Committee recognizes that additional epidemiologic studies will soon become available and recommends that as their results  become available, their findings be reviewed and modifications made to the list as appropriate.  


The Committee also recommends that, in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  


We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.
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1.  Evidence regarding carcinogenic exposures:


The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-Landrigan, Lioy et al. 2004


( ADDIN EN.CITE )
volatile organic compounds and other products of high-temperature combustion from burning jet fuel, heating oil, transformer oil and gasoline 
 ADDIN EN.CITE 
(Lioy and Georgopoulos 2006; Lioy, Pellizzari et al. 2006)
. Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement and other construction materials, and contained numerous particles, fibers and glass shards, resulting in acute eye, nose and throat irritation, leading rapidly to what came to be known as WTC cough. Smoke from fires that persisted into December 2011 contained polycyclic aromatic hydrocarbons, metals, organic chemicals and many other potential carcinogens. Heavy equipment and trucks contributed diesel emissions, and there was repeated resuspension of sediment and dust during the subsequent 10 month demolition and cleanup process.  Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in rescue, recovery, clean-up and restoration workers provides evidence for significant exposure levels and toxicity Aldrich, Gustave et al. 2010


( ADDIN EN.CITE )
 Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation 
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(Brackbill, Hadler et al. 2009)
.


Members of the STAC and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in intensity and variety in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack and the presence of multiple and complex exposures. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about the potential increased risks of developing some cancers based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  


Based on these reports, the committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services include the time and date of arrival at the WTC site and other areas where WTC materials were transported or stored, total days and hours worked, specific jobs performed, breathing rates, work locations, particularly work in areas of smoldering fires, and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without adequate respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longer exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Numerous animal studies provide evidence that brief exposures to carcinogens can cause cancer.  Evaluation of the Single-Exposure Carcinogen Database containing 5576 studies involving 800 chemicals from 2000 articles showed that in 4271 of the studies, a single dose of an agent administered by multiple routes of exposure caused tumors to develop in males and females of many different animal models.  In addition to PAHs, many of the tested chemicals are environmentally relevant and are on various pollutant lists, including the IARC and NTP lists.  In support of the relevance of the single-exposure carcinogen concept to human cancer, the authors identified published occupational studies on benzene, beryllium, aromatic amines of benzidine, and arsenic in which exposures for less than a year were implicated as the causal factor in the development of cancer Calabrese and Blain 1999


( ADDIN EN.CITE )
.  In addition, studies of second or higher order tumors among cancer survivors have shown that both radiation therapy and some forms of chemotherapy increase risk for subsequent cancers, often with shorter latency periods than observed for lower dose, longer duration occupational and environmental exposures  Ng and Travis 2008()
   Recent in vivo and in vitro studies using biomarkers of gene expression are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.


Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Many NYC government offices are housed in buildings below Canal Street and many workers were required to return before any decontamination or cleaning took place and without personal protective equipment.  Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential, office and school building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children  in contaminated homes, daycare settings and schools  have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 


In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s).   In addition, we considered some contaminants present in lower quantities due to potential toxicity and/or biological persistence (polychlorinated biphenyls, dioxins and furans).

a. Asbestos


As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µg/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures Lioy, Georgopoulos et al. 2006()
. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µm and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that fibers < 5 µm in length also predominate in occupational settings 
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(Stayner, Kuempel et al. 2008)
and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  Selection of the PCM sampling method that did not count fibers < 5  um in length was historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones but this has not been addressed extensively in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and short-term exposures to high airborne concentrations have  been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years Iwatsubo, Pairon et al. 1998


( ADDIN EN.CITE ; Rodelsperger, Jockel et al. 2001)
. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µm in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 


b. Polycyclic Aromatic Hydrocarbons


As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin or lavaged into the lungs of experimental animals. PAHs are produced by combustion of wood, coal and any other carbonaceous material.  PAH are important causes of occupational lung cancer among tobacco smokers, coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in occupational and environmental settings in combination as complex mixtures and it is therefore not possible to isolate the effect of a single compound in epidemiologic studies. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). In addition, the PAH-containing mixture,  coal tar pitch volatiles, is listed as an A1 carcinogen by ACGIH ACGIH 2011()
.   PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs excreted  in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours) 
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(Li, Romanoff et al. 2010)
. Sources of PAH’s at the WTC included the burning of about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters of fuel oil and approximately the same amount of gasoline plus any and all burning items. Heavy machinery and power tool brought to the site added to particulate and PAH exposures.

Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001.  While, it was reported that PAH levels from the fires after 9/11 were among the highest ever reported from an outdoor sources (Pliel et al, 2004), the levels were lower than occupational exposure limits and appeared to make the case that there was not an excessive exposure.    Unfortunately, the samples were stationary area samples designed not to estimate exposures of workers on the pile, but the levels at or near ground level at the periphery to capture what might be leaving the site. It is documented that when area samples are not designed to capture the worst exposure case, they can under estimate personal worker exposure by from 3 to 40-fold
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(Astrakianakis, Seixas et al. 2006; Mehta, Wang et al. 2008)
. ].  The vertical velocity of the smoke from the fires at the site would be the major reason that samples anywhere from 4-6 blocks from the pile itself would be lower than the personal exposures of the workers on the pile.  As the authors state in their paper, “…workers engaged in the cleanup efforts could have been exposed to much higher levels of PAHs than those in our samples and, thus, could bear higher cancer risks.  Indeed, another set of samples taken 13 blocks from the pile were approximately 50% lower than the average of the 3 sites at the fence line.  Pliel et al also did not report whether there were any consistent differences in PAH levels between the 3 fence line sites  which would have occurred if there were spatial differences consistent with wind patterns or absolute distance from the pile.  


The analysis of PAH levels by Pliel et al (2004)  in PM2.5 was also retrospective and opportunistic.  Analysis was limited completely to PAH remaining in the particulate phase captured on filters and not intended specifically for PAH analysis.   Thus, any PAH in the vapor phase would not have been included in the analysis.  Burstyn et al (2002) reported that the PAH in the vapor and particulate phases contributed equally to total PAH exposure in other workers.  


Pliel et al used non-linear regression to estimate the levels of PAH exposure on September 11, 2001 from the sampling data tha was collected beginning September 16, 2001. They estimate that maximal exposure would have been 35 ng.m3 .  Butt et al 2004 measured the PAH levels in window films from buildings that varied in distances and orientation from the ground zero pile.  They reported that upwind sites greater than 2 km from the pile had levels of 6000 ng.m2 .  This could be considered background.  In contrast , those sites that were within 1km averaged 77,100ng/m2, and those within 1 km and downwind from the site averaged 130,000 ng/m2.  While these data cannot be used for exposure estimates they do give an indication of the variation due to proximity and whether or not an window was in the overall plume.  


Thus, it would appear that the PAH exposure estimates taken from the area samples probably underestimated the exposure of worker s on the pile.  The magnitude of the underestimation is impossible to estimate but indications are that it could be an order of magnitude or greater.  


When done appropriately biological monitoring can be a very useful in estimating exposure.  Biomonitoring integrates exposure by all routes, including the use or misuse of personal protective equipment.  Biomonitoring can also be used to reconstruct exposures provided the half life of the biomarker and the time since the last exposure is documented.  The half life for the most widely used PAH biomarker , 1-hydroxypyrene (1HP) is effectively ~ 24 hours for persons without chronic exposure (Godschalk, Ostertag et al. 1998(; ACGIH 2011)
. This means that 1HP largely represents the exposure of only the last 24 hours.   Biological samples for PAH were also taken for exposure analysis (Edelman et al, 2003).  Unfortunately these samples were obtained for 365 firefighters 22-24 days after 9/11/01.  Assuming that the shape of the exposure curve estimated by Pliel et al (2003)are correct  (however, as discussed above, the absolute values are likely underestimated for workers on the pile), then the 1HP levels measured are estimates of exposures  that were much, much lower than the peaks that occurred 9/11-9/14.  Nonetheless, the 1HP levels remained significantly increased over what was seen in firefighters who were not at the WTC site.  Since more that 99.99% of the 1HP resulting from exposures immediately after 9/11 would have been eliminated well before the samples were collected, the Edelman data cannot be used to estimate exposure for that time.  Rather they will reflect the exposure during the previous 24 hour period.  The other shortcoming of the Edelman paper was that there was no indication of when the samples were taken relative to the person’s last exposure.  In addition, there is no indication of the distribution of the data within the groups and only the mean data are given without an idea of the variance.  The important questions, namely, were there some individuals with higher exposure in the previous 24 hours and what tasks did they perform, cannot be addressed either since this information is not provided.


There are also concerns that PAH may have been adsorbed unto  particulates and form large masses in the lung from which the PAH would only be slowly absorbed into the bodyGerde, Medinsky et al. 1991()
.  Unfortunately the data provided by Edelman et al cannot be used to determine if this possibility was in fact real since only one sample was collected from each worker.  


c. Polychlorinated biphenyls, dioxins, furans


Polychlorinated biphenyls (PCBs) were present in the transformer oil in the electrical power substation that was located in the World Trade Center.  A large number of chemically different “congeners” which contain different amounts of chlorine substituted at different places in the biphenyl rings are treated as the same material their toxicity is not dissimilar (there is a difference in toxicity in those that are 42% chlorine by weight as opposed to those that are 54%).  Lorber, Gibb et al. 2007


( ADDIN EN.CITE )
 2007 noted that of the 100s of samples obtained for PCBs only 1 sample was above 100 ng/m3 and only 3 were greater than 50 ng/m3.  Air levels were said to be reduced fairly quickly to “normal” ambient urban levels of 1-8 ng/m3.  This might be expected since PCBs have an extremely low vapor pressure.   Once absorbed, PCBs have a fairly long half life in the body so biological monitoring should capture the exposure.  Edelman et al sampled for 31 PCB congeners 21 days after 9/11 and found  that there was not a statistically significant difference between any of the mean values of firefighters on or who never entered the GZ site.  On the other hand, Dalgren 2007 saw that certain PCB levels were markedly elevated in the sera of 7 first responders compared to general population norms .    For example, all 7 were above the median value of the CDC NHANES study, 3 were above the 75th percentile, 2 above the 90th and one above the 95thpercentile.   For several measured congeners the 2 highest firefighters had levels above the NHANES detection limit, where 95% of the unexposed population was below it.  These data indicate that PCB levels in the sera of at least some  first responders were elevated relative to the general population.  ioxin-like compounds  were present at elevated levels in the air immediately after 9/11/01.  These compounds are formed when chlorinated plastics like PVC are burned under certain conditions of temperature, oxygen and pressure.  The levels of dioxin and dioxin like compounds (furans and various congeners) were markedly elevated in initial area samples taken at the periphery of the WTC site (Ground Zero, GZ).  (Please see the discussion of PAH for the limitations of these samples to estimate exposure for those at GZ itself.)  At least 6 samples taken in late September or  early October yielded levels of total TCDD equivalents greater than 100 pg TEQ/m3, with the highest levels measured being 170 pg TEQ/m3 .  These were the highest ambient levels ever recorded.  (Lorber et al,  2007).  In comparison, typical urban ambient measurements or apporoximately 0.1 pgTEQ/ m3 and levels  reported downwind from incinerators are on the order 1-5 pgTEQ/ m3.  This would indicate substantial exposure to dioxin-like compounds.  The USEPA did not find elevated levels of TCDD in house dusts. However, analyses of window films obtained from buildings at various distances from the WTC found that concentrations of 2,3,7,8-TCDD were 400 times higher In a sample from Church and Warren Street than samples taken at New York University and in Brooklyn Rayne, Ikonomou et al. 2005


( ADDIN EN.CITE )
.    


Dioxins have relatively long half lives in the human body; for TCDD half life is estimated to be 7 years(MMWR, 1988).  Edelman et al, 2004 measured 15 dioxin like compounds in the sera of ~350 firefighters .  Only one congener was higher in the exposed firefighters compared to those who did not enter the site.  The mean values were 27.8 ppt for all on site firefighters, 30.1 ppt for those present at the collapse, 26.2 ppt for those arriving after the collapse (day 1 and 2) and 30.6 ppt for those in Special Operations Command.  Firefighters not at the site had and average level of 19.2 ppt.  There was no increase in TCDD levels compared to controls (please see PAH discussion for the limitations of the data presented in Edelman et al, 2004).  In contrast, the average levels reported for ~1,250 Ranch Hands  10 years after Vietman was 49 ppt and ranged to 313 ppt.   This work reported that 20 ppt was the highest level generally seen in the general population.  Again, no significant increase in TCDD levels were reported by Edelman, et al 2004.   


d. Particulates are non-fibrous and fibrous inorganic particles:  The non-fibrous are silica, coal mine dust, and a variety of metallic and non-metallic crustal silicates.  Although silica has been associated with lung cancer, this risk occurs in individuals with concomitant scarring and inflammation.  The fibrous particles include the commercial types of asbestos which are all known to be carcinogens (chrysotile, amosite, crocidlite, anthophyllite).  These are all hydrated magnesium silicates, and the main non-asbestos fiber that is a known carcinogen is the fibrous zeolite erionite.  Erionite is a fibrous aluminum silicate.  Other fibers may contaminate commercial products and be a cause of cancer including tremolite, and possibly other fibers in vermiculite.  Man-made vitreous fibers, rock wool, fibrous glass, glass shards, and other fiber-like fragments either do not have any association with cancer or very limited data.  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.  Diesel exhaust has been implicated as a cause of lung cancer in large mortality studies of railroad workers and recently in non-metallic underground miners.  This latter cohort of more than 10,000 miners exposed to high diesel exhaust concentrations without confounding by radon had more than a 25% increase in lung cancer mortality.  A subsequent case-control study corroborated this increase and differentiated the risk from cigarette smoking.  Bronchoalveolar lavage studies of asbestos workers and one FDNY worker have shown chrysotile and amosite asbestos fibers in the BAL cells.  These have ranged from 30 to 300 or more per million alveolar macrophages.  In the one FDNY individual studied, an uncoated asbestos fiber was observed, a metallic fiber of chromium, fly ash particles, and degraded fibrous glass were observed two weeks post-9/11.   


 e.  Carcinogenic metals 


As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 


WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 


Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 


As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)


f.  Volatile organic compounds (VOCs)


As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.


Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 


Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 


Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.


As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 


2.  Mechanisms of carcinogenesis and role of inflammation


a. Overview of Carcinogenesis


As presented by Committee member Dr. Elizabeth Ward and elaborated on by Dr. Julia Quint, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 


b. Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data


Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 


Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).


c. Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation


Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 


 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  


Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 


Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).


d. WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes


A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].


Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  


Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 


3. Evidence regarding cancer from completed incidence studies


One study has been published regarding cancer outcomes among 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of them were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   


Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years, based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were calculated for the exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population, SIR Ratios were calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early  diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  in the FDNY medical surveillance program.  


Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data and insufficient variability in exposure to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  


263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  

After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters. Arguing against a more severe surveillance bias is that cancer staging did not demonstrate an earlier stage of diagnosis in the exposed as compared to the unexposed.

For each individual type of cancer, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance. Regarding prostate cancer, consistent with prior studies (LeMasters et al, JOEM 48:1189-1202, 2006), even the unexposed firefighters had slightly and statistically significantly higher incidence than predicted, with SIR 1.35.  The WTC-exposed FDNY group did not show an increased risk over unexposed, with estimated SIR ratio 0.90 (after correction for possible surveillance bias).  Therefore, despite the statistically significant SIR for prostate cancer in WTC-exposed compared to the general population, the Zeig-Owens study does not provide evidence for an increased risk of prostate cancer associated with WTC exposures.

Data from this study for cancer sites with some evidence of increased risk are shown in Table 4. 


Views on the committee are mixed regarding the  interpretation of the elevated all-cancer SIR in the Zeig-Owens study.  Some believe that  these results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters, and c that the detection of this risk  with only a little over seven years of post-9/11 data,  the ultimate magnitude of the increased risk is likely to be higher than 32%.  Others believe that the increased cancer risk may reflect in part increased risks of cancer resulting from pre-9/11 occupational exposures to carcinogens, consistent with increased risks of several cancers found among firefighters in a recent meta-analysis (LeMasters et al .  JOEM 2006).  There is also concern that correction for surveillance bias by introducing a two-year lag period is inadequate, and that surveillance bias was not corrected for in melanoma, a site that is subject to early detection by medical surveillance.  

Additional post-WTC cancer incidence results are expected to come from the non-FDNY WTC Responder Consortium, the WTC registry cohorts and from the FDNY EMS cohort in the near future.  The STAC has not had access to and therefore has not based current recommendations on those studies. Given the paucity of epidemiological studies to date, additional studies can be expected to inform the body of knowledge on the issue of WTC and cancer risk, though the limitations of surveillance bias, sample size, selection bias, limited follow-up and others may persist. However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small
.


4.  Inclusion of rare cancers   That rare cancers are difficult to study has been readily acknowledged and has drawn recent attention from the National Cancer Institute and cancer registries (Greenlee, Public Health Reports, 2010; NCI Workshop- see Greenlee reference #2). Cancers that are rare by site (e.g., liver angiosarcoma) (Creech and Johnson) or age (eg – lung cancer in men in the early 30’s) (BCME report in NEJM
) have served as sentinel events in occupational settings. Unusual cancers that occur among WTC responders and survivors may be difficult to link to WTC exposures, because the populations at risk, though sizable, are limited and therefore may undermine the capacity of epidemiologic methods to provide statistically stable estimates of relative risk. Animal studies of rare cancers are also of limited use, because cancer sites in humans and animals exposed to the same agents frequently don’t match. Since customary study methods are unlikely to clarify whether rare cancers among WTC-exposed populations –unless they occur in sizable clusters – are likely to be related to WTC exposures and additionally, given the sizable number of carcinogens (and related cancer sites) present in WTC smoke and dust, it is reasonable to include rare cancers among the list of cancers that WTC exposures may be expected to cause.


Defining a rate that delineates rare cancers from less rare cancers is difficult. An NCI workshop on this topic held in 2007 used an incidence of 150 cases per 1 million per year as a cut point (See Greenlee reference #2). This definition has the consequence that 25% of all adult cancers in the US would be classified as rare (Greenlee 2010). Additional definitions – 10 cases per million per year and 1 case per million per year – have also been examined (Greenlee 2010).


For the purposes of potential WTC exposure-related cancers, a sensible approach would be to use the size of the at-risk populations under study and the associated estimates of person-years with accepted levels of relative risk (e.g., two-fold increase) and error (e.g.,  alpha =.05, beta = 0.20) in order to determine the underlying site-specific cancer incidence that might be capable of study. All site-specific incidence rates below that specified incidence would then be considered rare. Gender and age could be factored into these determinations.  Although this incidence estimate could be made at present based on the FDNY cancer study, results of the forthcoming cancer studies, the WTC Responder study and the NYC DOHMH WTC Health Registry study, will increase the estimates of person-years and improve the determination of a threshold incidence to define a rare cancer.


We emphasize that this is one possible approach to defining rare cancers that has the advantage of using WTC population-specific data, but that there are additional approaches to defining rare cancers for the purposes of determining a policy decision about WTC-related cancers.


5.  Inclusion of childhood cancers:  The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.National Research 1993()
 Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.Thurlbeck 1982


( ADDIN EN.CITE ; Trasande and Thurston 2005)
  Their developing organ systems are also more vulnerable to and less well able to detoxify or eliminate many chemicals.Ginsberg, Hattis et al. 2004


( ADDIN EN.CITE ; Grandjean and Landrigan 2007)
 Together, these aspects of early life development increase the likelihood of lifelong organ system impairment following exposure to environmental chemicals.Rice and Barone Jr 2000()
 Children also have greater years of life in which chronic conditions can occur as a result of early life exposures.Bearer 1995()
 The chemicals associated with childhood cancer include pesticides, benzene and 1,3-butadiene.


Children who attended schools and lived near the World Trade Center site experienced exposures in the range of responder populations in which increases in cancers have been documented.  Given the baseline relative infrequency in which cancer occurs in children, and the limited statistical power of even a study of all 14,000 children who lived south of 14th Street on September 11, 2001, no negative study will eliminate the possibility of causation.  Indeed, this is an area of need for research, yet such research should not preclude a measure of caution taken in including coverage for all cancers incident before age 21 insofar as a health care provider confirms substantial likelihood of association with World Trade Center exposures. 


I. Summary of Cancer Classifications for COPC and Select Other Agents 


IARC Group 1—Carcinogenic to Humans


This category is used when there is sufficient evidence of carcinogenicity in humans. Exceptionally, an agent may be placed in this category when evidence of carcinogenicity in humans is less than sufficient but there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity.


		Agent

		Category

		Exposure Information



		

		IARC

		NTP

		



		Arsenic

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Arsenic.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol84/mono84-6E.pdf



		Asbestos

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Asbestos.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-20.pdf



		Benzene

		1

		A

		



		NTP hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-24.pdf



		IARC hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Benzene.pdf



		Benzo[a]pyrene (PAHs)

		1

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Beryllium

		1

		A

		



		NTP hyperlink:

		 http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Beryllium.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol58/mono58-6.pdf





		1,3-Butadiene

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Butadiene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol97/mono97.pdf



		Cadmium and compounds

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Cadmium.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol58/mono58-7E.pdf



		Chromium VI

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/ChromiumHexavalentCompounds.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-6.pdf



		Formaldehyde

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Formaldehyde.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol88/mono88-6.pdf



		Nickel compounds

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nickel.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-7.pdf



		Quartz

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Silica.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol68/mono68-6.pdf



		Soot


		1

		B

		



		NTP hyperlink

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Soots.pdf



		IARC hyperlink

		http://monographs.iarc.fr/ENG/Monographs/vol35/volume35.pdf



		Sulfuric Acid

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/StrongInorganicAcidMists.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol54/mono54-6.pdf



		Vinyl chloride

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/VinylHalides.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol97/mono97-8.pdf





IARC Group 2A—Probably Carcinogenic to Humans

This category is used when there is limited evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent may be classified in this category when there is inadequate evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals and strong evidence that the carcinogenesis is mediated by a mechanism that also operates in humans. Exceptionally, an agent may be classified in this category solely on the basis of limited evidence of carcinogenicity in humans. An agent may be assigned to this category if it clearly belongs, based on mechanistic considerations, to a class of agents for which one of more members have been classified in Group 1 or in Group 2A.


		Agent

		Category 

		Exposure Information



		

		IARC

		NTP


		



		Benzyl Chloride

		2A

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-19.pdf



		Biomass fuel 


(primarily wood, indoor emissions from household combustion)

		2A

		NL

		



		NTP hyperlink

		Not applicable



		IARC hyperlink

		http://monographs.iarc.fr/ENG/Monographs/vol95/mono95-6A.pdf



		Dibenz[a,h]anthracene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Engine Exhaust, diesel

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/DieselExhaustParticulates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol46/volume46.pdf



		Ethylene Dibromide

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dibromoethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-28.pdf



		Lead (inorganic)

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Lead.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol87/index.php



		Nitrate ion (ingested)

		2A

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol94/mono94-6F.pdf



		Polychlorinated Biphenyls

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolychlorinatedBiphenyls.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/suppl7.pdf



		Tetrachloroethylene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Tetrachloroethylene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/volume63.pdf



		Trichloroethylene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Trichloroethylene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/mono63-6.pdf





IARC Group 2B—Possibly Carcinogenic to Humans

This category is used for agents for which there is limited evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals. It may also be used when there is inadequate evidence of carcinogenicity in experimental animals. In some instances, an agent for which there is inadequate evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals, together with supporting evidence from mechanistic and other relevant data, may be placed in this group. An agent may be classified in this category solely on the basis of strong evidence from mechanistic and other relevant data.


		Agent

		Category 

		Exposure Information



		

		IARC

		NTP


		



		Acrylonitrile

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Acrylonitrile.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-7.pdf



		Antimony trioxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol47/volume47.pdf



		Benzene Hexachloride 


(syn: lindane)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Lindane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-88.pdf 



		Benz[a]anthracene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Benzo[b]fluoranthene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Benzo[k]fluoranthene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Bromodichloromethane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Bromodichloromethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-73.pdf



		Carbon tetrachloride

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/CarbonTetrachloride.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/volume71.pdf



		Cobalt sulfate and soluble cobalt

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/CobaltSulfate.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol86/mono86-6E.pdf 



		Chlordane

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-17.pdf



		4-Chloroaniline

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol57/mono57-21.pdf



		Chloroform

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Chloroform.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-10.pdf



		Chrysene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		DDT

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorodiphenyltrichloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		1,4-Dichlorobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-13.pdf



		3,3'-Dichlorobenzidine

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorobenzidine.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol99/mono99-10.pdf



		p,p'-Dichlorodiphenyl-dichloroethane  (TDE)

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		p,p'-Dichlorodiphenyl-dichloroethylene (DDE)

		2B

		NL

		



		NTP hyperlink:

		



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		1,2-Dichloroethane


 (syn: Ethylene dichloride)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-21.pdf



		2,4-Dinitrotoluene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/mono65-9.pdf 



		2,6-Dinitrotoluene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/volume65.pdf





		1,4-Dioxane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dioxane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-25.pdf



		Ethylbenzene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol77/mono77-10.pdf



		Heptachlor

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-17.pdf



		Hexachlorobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Hexachlorobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-18.pdf



		Hexachloroethane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Hexachloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-15.pdf



		Indeno[1,2,3-cd]pyrene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf



		Methylene chloride 


(syn: dichloromethane)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichloromethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf



		Mirex

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Mirex.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol20/volume20.pdf



		Naphthalene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Naphthalene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol82/mono82-8.pdf



		Nickel metallic

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nickel.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-7.pdf



		Nitrobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nitrobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/mono65-11.pdf



		N-Nitroso-Di-n-propylamine

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nitrosamines.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol17/volume17.pdf



		Pentachlorophenol

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-34.pdf



		Styrene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Styrene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol82/mono82-9.pdf



		Titanium Dioxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol93/mono93-7F.pdf



		Toxaphene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Toxaphene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-19.pdf



		2,4-Toluenediisocyanate

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/TolueneDiisocyanates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-37.pdf



		2,6-toluene diisocyanate

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/TolueneDiisocyanates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-37.pdf



		2,4,6-Trichlorophenol

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Trichlorophenol.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-34.pdf



		Vanadium Pentoxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol86/mono86-10.pdf



		Vinyl acetate

		2B

		NL

		



		NTP hyperlink:

		



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/mono63-19.pdf





Table 2. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans 
 ADDIN EN.CITE 
(Cogliano, Baan et al. 2011)
.


		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic


   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung


Skin


Urinary bladder

		Kidney


Liver


Prostate



		Asbestos (all forms)

		Larynx


Lung


Mesothelioma


Ovary

		Colorectum


Pharynx


Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney


Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia


Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung


Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung


Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung


Non-Hodgkin lymphoma


Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		





Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence 
 ADDIN EN.CITE 

(Cogliano, Baan et al. 2011)


		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung


Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma


Soft-tissue sarcoma



		Tetrachloroethylene

		Cervix


Non-Hodgkin Lymphoma


Esophagus



		Trichloroethylene

		Liver and biliary tract


Non-Hodgkin Lymphoma





Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation


		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux





Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 


		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans 
 ADDIN EN.CITE 

(Cogliano, Baan et al. 2011)


		WTC-related Conditions

		FDNY Study


Cancers with Elevated Standardized


Incidence Ratios (SIR’s)
 ADDIN EN.CITE 
(Zeig-Owens, Webber et al. 2011)
. **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)




		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde




		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		GERD

		



		      Stomach

		Limited: Asbestos (all forms)


Limited: Lead compounds, inorganic




		GERD

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.82 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride


Limited: Arsenic and inorganic arsenic compounds


Limited: Polychlorinated biphenyls


Limited: Trichloroethylene



		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal


       sinus

		Sufficient: Nickel compounds


Limited: Chromium(VI) compounds


Limited: Formaldehyde

		Chronic nasopharyngitis


Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic


Sufficient: Asbestos (all forms)




		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds


Sufficient:  Asbestos (all forms)


Sufficient:  Beryllium and beryllium compounds


Sufficient:  Cadmium and cadmium compounds


Sufficient:  Chromium(VI) compounds


Sufficient:  Nickel compounds


Sufficient:  Silica dust, crystalline


Sufficient:  Soot


Limited:  Acid mists, strong inorganic


Limited:  Engine exhaust, diesel


Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin


Limited:  Welding fumes

		Interstitial lung disease


Chronic respiratory disorder – fumes/vapors


Reactive airways disease syndrome (RADS)


Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		

		

		

		



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds


Sufficient:  Soot




		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)




		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)


Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)




		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds


Limited: Cadmium and cadmium compounds


 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds


Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds


Limited: Engine exhaust, diesel

Limited: Soot




		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		Extensive foreign body washout required

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid




		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene


Sufficient:  1,3-Butadiene


Sufficient:  Formaldehyde


Limited: Polychlorophenols or their sodium salts (combined exposures)


Limited: Styrene


Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		Sarcoidosis

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		





*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.


.

Table 5.  WTC Human Carcinogens with established mechanistic events for tumor sites (or types) for which there is sufficient evidence in humans (adapted from IARC Monograph Working Group, 2009)


		WTC Human Carcinogen

		Tumor sites (or types) for which there is sufficient evidence in humans




		Other sites with


limited evidence 


in humans 

		Established mechanistic events



		Arsenic and Inorganic 


arsenic compounds




		Lung, skin, urinary bladder

		Kidney, liver, prostate

		Oxidative DNA damage, genomic instability, aneuploidy, gene amplication, epigenetic effects, DNA-repair inhibition leading to mutagenesis



		Asbestos (chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite)

		Lung, mesothelioma, larynx, ovary

		Colorectum, pharynx, stomach

		Impaired fiber clearance leading to macrophage activation, inflammation, generation of reactive oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic alteration, activation of signaling pathways, resistance to apoptosis 



		Beryllium and beryllium compounds

		Lung

		--

		Chromosome aberrations, aneuploidy, DNA damage



		Cadmium and Cadmium compounds

		Lung

		Prostate, kidney

		DNA-repair inhibition, disturbance of tumor-suppressor proteins leading to genomic stability



		Chromium (VI) compounds

		Lung

		Nasal cavity and paranasal sinuses

		Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, aneuploidy, cell transformation



		Nickel compounds

		Lung, nasal cavity, and paranasal sinuses

		--

		DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, alteration of DNA methylation, histone modification



		Silica dust, crystalline in the form of quartz or crystobalite

		Lung

		--

		Impaired particle clearance leading to macrophage activation and persistent inflammation
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The attack on the World Trade Center (WTC) created an acute environmental disaster of enormous magnitude. This study characterizes the environmental exposures resulting from destruction of the WTC and assesses their effects on health. Methods include ambient air sampling; analyses of outdoor and indoor settled dust; high-altitude imaging and modeling of the atmospheric plume; inhalation studies of WTC dust in mice; and clinical examinations, community surveys, and prospective epidemiologic studies of exposed populations. WTC dust was found to consist predominantly (95%) of coarse particles and contained pulverized cement, glass fibers, asbestos, lead, polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and polychlorinated furans and dioxins. Airborne particulate levels were highest immediately after the attack and declined thereafter. Particulate levels decreased sharply with distance from the WTC. Dust pH was highly alkaline (pH 9.0-11.0). Mice exposed to WTC dust showed only moderate pulmonary inflammation but marked bronchial hyperreactivity. Evaluation of 10,116 firefighters showed exposure-related increases in cough and bronchial hyperreactivity. Evaluation of 183 cleanup workers showed new-onset cough (33%), wheeze (18%), and phlegm production (24%). Increased frequency of new-onset cough, wheeze, and shortness of breath were also observed in community residents. Follow-up of 182 pregnant women who were either inside or near the WTC on 11 September showed a 2-fold increase in small-for-gestational-age (SGA) infants. In summary, environmental exposures after the WTC disaster were associated with significant adverse effects on health. The high alkalinity of WTC dust produced bronchial hyperreactivity, persistent cough, and increased risk of asthma. Plausible causes of the observed increase in SGA infants include maternal exposures to PAH and particulates. Future risk of mesothelioma may be increased, particularly among workers and volunteers exposed occupationally to asbestos. Continuing follow-up of all exposed populations is required to document the long-term consequences of the disaster.


LeMasters, G. K., A. M. Genaidy, et al. (2006). "Cancer risk among firefighters: a review and meta-analysis of 32 studies." J Occup Environ Med 48(11): 1189-1202.



OBJECTIVE: The objective of this study was to review 32 studies on firefighters and to quantitatively and qualitatively determine the cancer risk using a meta-analysis. METHODS: A comprehensive search of computerized databases and bibliographies from identified articles was performed. Three criteria used to assess the probable, possible, or unlikely risk for 21 cancers included pattern of meta-relative risks, study type, and heterogeneity testing. RESULTS: The findings indicated that firefighters had a probable cancer risk for multiple myeloma with a summary risk estimate (SRE) of 1.53 and 95% confidence interval (CI) of 1.21-1.94, non-Hodgkin lymphoma (SRE = 1.51, 95% CI = 1.31-1.73), and prostate (SRE = 1.28; 95% CI = 1.15-1.43). Testicular cancer was upgraded to probable because it had the highest summary risk estimate (SRE = 2.02; 95% CI = 1.30-3.13). Eight additional cancers were listed as having a "possible" association with firefighting. CONCLUSIONS: Our results confirm previous findings of an elevated metarelative risk for multiple myeloma among firefighters. In addition, a probable association with non-Hodgkin lymphoma, prostate, and testicular cancer was demonstrated.


Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.



Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.


Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.



The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.


Lioy, P. J., P. Georgopoulos, et al. (2006). An Overview of the Environmental Conditions and Human Exposures that Occurred Post September 11, 2001. Urban Aerosols and Their Impact:  Lessons Learned from the World Trade Center Tregedy. J. S. Gaffney and N. A. Marley, American Chemical Society.


Lioy, P. J., E. Pellizzari, et al. (2006). "The World Trade Center aftermath and its effects on health: understanding and learning through human-exposure science." Environ Sci Technol 40(22): 6876-6885.


Lorber, M., H. Gibb, et al. (2007). "Assessment of inhalation exposures and potential health risks to the general population that resulted from the collapse of the World Trade Center towers." Risk Anal 27(5): 1203-1221.



In the days following the collapse of the World Trade Center (WTC) towers on September 11, 2001 (9/11), the U.S. Environmental Protection Agency (EPA) initiated numerous air monitoring activities to better understand the ongoing impact of emissions from that disaster. Using these data, EPA conducted an inhalation exposure and human health risk assessment to the general population. This assessment does not address exposures and potential impacts that could have occurred to rescue workers, firefighters, and other site workers, nor does it address exposures that could have occurred in the indoor environment. Contaminants evaluated include particulate matter (PM), metals, polychlorinated biphenyls, dioxins, asbestos, volatile organic compounds, particle-bound polycyclic aromatic hydrocarbons, silica, and synthetic vitreous fibers (SVFs). This evaluation yielded three principal findings. (1) Persons exposed to extremely high levels of ambient PM and its components, SVFs, and other contaminants during the collapse of the WTC towers, and for several hours afterward, were likely to be at risk for acute and potentially chronic respiratory effects. (2) Available data suggest that contaminant concentrations within and near ground zero (GZ) remained significantly elevated above background levels for a few days after 9/11. Because only limited data on these critical few days were available, exposures and potential health impacts could not be evaluated with certainty for this time period. (3) Except for inhalation exposures that may have occurred on 9/11 and a few days afterward, the ambient air concentration data suggest that persons in the general population were unlikely to suffer short-term or long-term adverse health effects caused by inhalation exposures. While this analysis by EPA evaluated the potential for health impacts based on measured air concentrations, epidemiological studies conducted by organizations other than EPA have attempted to identify actual impacts. Such studies have identified respiratory effects in worker and general populations, and developmental effects in newborns whose mothers were near GZ on 9/11 or shortly thereafter. While researchers are not able to identify specific times and even exactly which contaminants are the cause of these effects, they have nonetheless concluded that exposure to WTC contaminants (and/or maternal stress, in the case of developmental effects) resulted in these effects, and have identified the time period including 9/11 itself and the days and few weeks afterward as a period of most concern based on high concentrations of key pollutants in the air and dust.


Mehta, A. J., X. R. Wang, et al. (2008). "Work area measurements as predictors of personal exposure to endotoxin and cotton dust in the cotton textile industry." The Annals of Occupational Hygiene 52(1): 45-54.


Moline, J. M., R. Herbert, et al. (2009). "Multiple myeloma in World Trade Center responders: a case series." J Occup Environ Med 51(8): 896-902.



OBJECTIVES: We report on cases of multiple myeloma (MM) observed in World Trade Center (WTC) responders registered in the WTC Medical Program. METHODS: Possible cases of MM diagnosed between September 11, 2001, and September 10, 2007, in responders were confirmed if they met the World Health Organization and Mayo Clinic diagnostic criteria. RESULTS: Among 28,252 responders of known sex and age, eight cases of MM were observed (6.8 expected). Four of these cases were observed in responders younger than 45 years at the time of diagnosis (1.2 expected). A slight deficit of MM cases was observed in responders older than 45 years (4 observed, 5.6 expected). CONCLUSION: In this case series, we observe an unusual number of MM cases in WTC responders under 45 years. This finding underscores the importance of maintaining surveillance for cancer and other emerging diseases in this highly exposed population.


National Research, C. (1993). "Pesticides in the Diets of Infants and Children."


Ng, A. K. and L. B. Travis (2008). "Second primary cancers: an overview." Hematol Oncol Clin North Am 22(2): 271-289, vii.



Substantial improvements in the past few decades in cancer detection and supportive care along with advances in therapy have led to growing numbers of cancer survivors. In view of the prolongation of survival in increasing numbers of patients, identification and quantification of the late effects of cancer and its therapy have become critical. One of the most serious events experienced by cancer survivors is the diagnosis of a new cancer. The number of patients who have second or higher-order cancers is increasing, and solid tumors are a leading cause of mortality among several populations of long-term survivors, including patients who have Hodgkin lymphoma. The focus of this article is treatment-associated malignancies in survivors of selected adult cancers.


Plumlee, G. S., P. L. Hageman, et al. (2005). Inorganic chemical composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy. . J. S. Gaffney and N. A. Marley. Washington, D.C., American Chemical Society Symposium Series. 919.


Purdue, M. P., Q. Lan, et al. (2011). "Prediagnostic serum levels of cytokines and other immune markers and risk of non-hodgkin lymphoma." Cancer Res 71(14): 4898-4907.



Although severe immune dysregulation is an established risk factor for non-Hodgkin lymphoma (NHL), it is unclear whether subclinical immune system function influences lymphomagenesis. To address this question, we conducted a nested case-control study within the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial to investigate whether circulating levels of cytokines and other immune markers are associated with future risk of NHL. Selected cytokines [interleukin (IL)-4, IL-6, IL-10, and TNF-alpha] and other immune markers [soluble TNF receptor 1 (sTNF-R1), sTNF-R2, C-reactive protein, and sCD27] were measured in prediagnostic serum specimens from 297 incident NHL cases and 297 individually matched controls. ORs and 95% confidence intervals (CI) relating quartiles of analyte concentration to NHL risk were calculated by using conditional logistic regression. Statistically significant associations with increased NHL risk were observed for elevated serum levels of sTNF-R1 (quartile 4 vs. quartile 1: OR = 1.7, 95% CI: 1.1-2.8; P(trend) = 0.02) and sCD27 (OR = 5.3, 95% CI: 2.9-9.4; P(trend) < 0.0001). These associations remained in analyses of cases diagnosed longer than 6 years following blood collection (sTNF-R1: OR = 2.1, 95% CI: 1.0-4.0, P(trend) = 0.01; sCD27: OR = 4.1, 95% CI: 1.9-8.5, P(trend) = 0.0001). Elevated levels of IL-10, TNF-alpha and sTNF-R2 were also significantly associated with increased risk of NHL overall; however, these associations weakened with increasing time from blood collection to case diagnosis and were null for cases diagnosed longer than 6 years postcollection. Our findings for sTNF-R1 and sCD27, possible markers for inflammatory and B-cell stimulatory states, respectively, support a role for subclinical inflammation and chronic B-cell stimulation in lymphomagenesis.


Rayne, S., M. G. Ikonomou, et al. (2005). "Polychlorinated dioxins and furans from the World Trade Center attacks in exterior window films from lower Manhattan in New York City." Environ Sci Technol 39(7): 1995-2003.



Samples of ambient organic films deposited on exterior window surfaces from lower Manhattan and Brooklyn in New York City were collected six weeks after the terrorist attacks at the World Trade Center (WTC) on September 11, 2001 and analyzed for polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). Total tetra- through octa-CDD/F concentrations in window films within 1 km of the WTC site in lower Manhattan ranged up to 630,000 pg/m2 (estimated as a mass concentration of ca. 1,300,000 pg/ g) and a maximum toxic equivalent (TEQ) concentration of 4700 TEQ/m2 (ca. 10 000 pg TEQ/g). Measurements at a background site 3.5 km away in Brooklyn showed lower concentrations at 130 pg TEQ/m2 (260 pg TEQ/g). Ambient gas-phase PCDD/F concentrations estimated for each site using an equilibrium partitioning model suggested concentrations ranging from ca. 2700 fg-TEQ/m3 near the WTC site to the more typical urban concentration of 20 fg-TEQ/m3 atthe Brooklyn site. Multivariate analyses of 2,3,7,8-substitued congeners and homologue group profiles suggested unique patterns in films near the WTC site compared to that observed at background sites in the study area and in other literature-derived combustion source profiles. Homologue profiles near the WTC site were dominated by tetra-, penta-, and Hexa-CDD/Fs, and 2,3,7,8-substituted profiles contained mostly octa- and hexachlorinated congeners. In comparison, profiles in Brooklyn and near mid-Manhattan exhibited congener and homologue patterns comprised mainly of hepta- and octa-CDDs, similar to that commonly reported in background air and soil.


Rice, D. and S. Barone Jr (2000). "Critical periods of vulnerability for the developing nervous system: Evidence from humans and animal models." Environmental Health Perspectives 108(SUPPL. 3): 511-533.


Rodelsperger, K., K. H. Jockel, et al. (2001). "Asbestos and man-made vitreous fibers as risk factors for diffuse malignant mesothelioma: results from a German hospital-based case-control study." Am J Ind Med 39(3): 262-275.



BACKGROUND: This study examines the role of occupational factors in the development of diffuse malignant mesothelioma with special emphasis on the dose-response relationship for asbestos and on the exposure to man-made vitreous fibers (MMVFs). METHODS: One hundred and twenty-five male cases, diagnosed by a panel of pathologists, were personally interviewed concerning their occupational and smoking history. The same number of population controls (matched for sex, age and region of residence) underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated for an expert-based exposure index using conditional logistic regression. RESULTS: Exposure to asbestos shows the expected sharp gradient with an OR of about 45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years). A significant OR was calculated even for the lowest exposure category "> 0 - < or = 0.15 fiber years". Although the mean cumulative exposure to MMVF is roughly 10% of the exposure to asbestos, an increased OR is observed in an ever/never evaluation. This observation is heavily hampered by methodical problems. A corresponding case-control study was performed using a lung tissue fiber analysis in addition to interviews. Both interviews and the lung tissue analysis yielded similar OR levels between the reference and the maximum exposure intervals. CONCLUSIONS: Despite a possible influence as a result of selection and information bias, our results confirm the previously reported observation of a distinct dose-response relationship even at levels of cumulative exposure below 1 fiber year. Moreover, the study confirms that asbestos is a relevant confounder for MMVF. A causal relationship between exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other studies.


Stayner, L., E. Kuempel, et al. (2008). "An epidemiological study of the role of chrysotile asbestos fibre dimensions in determining respiratory disease risk in exposed workers." Occup Environ Med 65(9): 613-619.



BACKGROUND: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question. METHODS: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter. RESULTS: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates. Cumulative exposures based on individual fibre size-specific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 microm). Longer (>10 microm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28-0.99, p values <0.001), which complicates the interpretation of the study findings. CONCLUSIONS: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.
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Welch, H. G. and W. C. Black (2010). "Overdiagnosis in cancer." J Natl Cancer Inst 102(9): 605-613.



This article summarizes the phenomenon of cancer overdiagnosis-the diagnosis of a "cancer" that would otherwise not go on to cause symptoms or death. We describe the two prerequisites for cancer overdiagnosis to occur: the existence of a silent disease reservoir and activities leading to its detection (particularly cancer screening). We estimated the magnitude of overdiagnosis from randomized trials: about 25% of mammographically detected breast cancers, 50% of chest x-ray and/or sputum-detected lung cancers, and 60% of prostate-specific antigen-detected prostate cancers. We also review data from observational studies and population-based cancer statistics suggesting overdiagnosis in computed tomography-detected lung cancer, neuroblastoma, thyroid cancer, melanoma, and kidney cancer. To address the problem, patients must be adequately informed of the nature and the magnitude of the trade-off involved with early cancer detection. Equally important, researchers need to work to develop better estimates of the magnitude of overdiagnosis and develop clinical strategies to help minimize it.


Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.



BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.


Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.


Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.


Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.


 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42


A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.


Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.


Background: This study examines the role of occupational factors in the development of


diffuse malignant mesothelioma with special emphasis on the dose±response relationship


for asbestos and on the exposure to man-made vitreous fibers (MMVFs).


Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,


were personally interviewed concerning their occupational and smoking history. The


same number of population controls (matched for sex, age and region of residence)


underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated


for an expert-based exposure index using conditional logistic regression.


Results: Exposure to asbestos shows the expected sharp gradient with an OR of about


45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A


significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber


years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure


to asbestos, an increased OR is observed in an ever/never evaluation. This observation is


heavily hampered by methodical problems. A corresponding case-control study was


performed using a lung tissue fiber analysis in addition to interviews. Both interviews and


the lung tissue analysis yielded similar OR levels between the reference and the maximum


exposure intervals.


Conclusions: Despite a possible influence as a result of selection and information bias,


our results confirm the previously reported observation of a distinct dose-response


relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study


confirms that asbestos is a relevant confounder for MMVF. A causal relationship between


exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other


studies.

� As found in occupational exposure of chimney sweeps.
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�I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 
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TABLE 5
Summary of Likelihood of Cancer Risk and Summary Risk Estimate (95% CI) Across All Types of Studies for All Cancers


Cancer Site
Likelihood of Cancer


Risk by Criteria
Summary Risk


Estimate (95% CI) Comments


Multiple
myeloma


Probable 1.53 (1.21–1.94) Consistent with mSMR and PMR (1.50, 95% CI � 1.17–1.89)
Based on 10 analyses
Heterogeneity—not significant at the 10% level


Non-Hodgkin
lymphoma


Probable 1.51 (1.31–1.73) Only two SMR and another PMR studies
Slightly higher than mSMR and PMR (1.36, 95% CI � 1.10–1.67)
Based on eight analyses
Heterogeneity—not significant at the 10% level


Prostate Probable 1.28 (1.15–1.43) Consistent with mSIR (1.29, 95% CI � 1.09–1.51)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Testis Possible 2.02 (1.30–3.13) Slightly higher than mSIR (1.83, 95% CI � 1.13–2.79)
Based on four analyses
Heterogeneity—not significant at the 10% level


Skin Possible 1.39 (1.10–1.73) Slightly lower than mSMR and PMR (1.44, 95% CI � 1.10–1.87) – derived
on basis of PMR studies


Based on eight analyses
Heterogeneity—not significant at the 10% level


Malignant
melanoma


Possible 1.32 (1.10–1.57) Slightly higher than mSMR and PMR (1.29, 95% CI � 0.68–2.20)
Based on 10 analyses
Heterogeneity—not significant at the 10% level


Brain Possible 1.32 (1.12–1.54) Slightly higher than mSMR and PMR (1.27, 95% CI � 0.98–1.63)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was


heterogeneity among SMR studies
Rectum Possible 1.29 (1.10–1.51) Slightly lower than mSMR and PMR (1.39, 95% CI � 1.12–1.70)


Based on 13 analyses
Heterogeneity—not significant at the 10% level


Buccal cavity
and pharynx


Possible 1.23 (0.96–1.55) Slightly higher than mSMR (1.18, 95% CI � 0.81–1.66)
Based on nine analyses
Heterogeneity—not significant at the 10% level


Stomach Possible 1.22 (1.04–1.44) Lower than mSIR (1.58, 95% CI � 1.12–2.16)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Colon Possible 1.21 (1.03–1.41) Slightly lower than mSMR and PMR (1.31, 95% CI � 1.08–1.59)
Based on 25 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR and PMR studies
Leukemia Possible 1.14 (0.98–1.31) Similar to mSMR and PMR (1.14, 95% CI � 0.92–1.39)


Based on eight analyses
Heterogeneity—not significant at the 10% level


Larynx Unlikely 1.22 (0.87–1.70) Higher than mSMR (0.58, 95% CI � 0.25–1.15)
Based on seven analyses
Heterogeneity—not significant at the 10% level


Bladder Unlikely 1.20 (0.97–1.48) Similar to mSMR and PMR (1.24, 95% CI � 0.83,1.49)
Based on 11 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies
Esophagus Unlikely 1.16 (0.86–1.57) Higher than mSMR (0.68, 95% CI � 0.39–1.08)


Based on eight analyses
Heterogeneity—not significant at the 10% level


Pancreas Unlikely 1.10 (0.91–1.34) Slightly higher than mSMR (0.98, 95% CI � 0.75–1.26)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Kidney Unlikely 1.07 (0.78–1.46) Similar to mSMR and PMR (1.23, 95% CI � 0.94–1.59)
Based on 12 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies
(Continued)
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SIR � 1.39, 95% CI � 0.2–5.0; 11
to 20 years: SIR � 4.03, 95% CI �
1.3–9.4. In those exposed greater
than 20 years, the risk estimate re-
mained elevated but declined (SIR �
2.65, 95% CI � 0.3–9.6), possibly
because testicular cancer generally
occurs at a younger age. Bates et al30


argued that, although the reason for
the excess risk of testicular cancer
remained obscure, the possibility that
this is a chance finding was low
because incident studies are likely
the most appropriate methodology
for a cancer that can be successfully
treated.


The 1990 findings of Howe and
Burch4 showing a positive associa-
tion with brain cancer and malignant
melanoma are compatible with our
results because both had significant
summary risk estimates. Brain can-
cers were initially scored as probable
but then downgraded to possible (Ta-
ble 5). There was inconsistency
among the SMR studies, which re-
sulted in the use of the random-
effects model, yielding confidence
limits that were not significant
(SMR � 1.39, 95% CI � 0.94–2.06)
(Table 2). This inconsistency primar-
ily resulted from the Baris et al
study,13 a 61-year follow up of 7789
firefighters demonstrating a marked
reduction in brain cancer (SMR �
0.61, 95% CI � 0.31–1.22). As


noted in Table 4, however, there
were elevated, but not significant,
risk estimates across all studies, ie,
mSMR, mPMR, mRR, and mSIR.
This consistency is all the more re-
markable given the diversity of rare
cancers included in the category
“brain and nervous system.” Further-
more, there was a 2003 study by
Krishnan et al65 published after our
search that examined adult gliomas
in the San Francisco Bay area of men
in 35 occupational groups. This
study showed that male firefighters
(six cases and one control) had the
highest risk with an odds ratio of
5.93, although the confidence inter-
vals were wide and not significant. In
addition, malignant melanoma was
also initially scored as probable but
was downgraded to “possible” due to
study type. This study downgrade
was related to the negative SMR (�)
and reliance primarily on a PMR
study. Thus, in conclusion, our study
supports a probable risk for multiple
myeloma, similar to Howe and
Burch’s4 findings, and a possible
association with malignant mela-
noma and brain cancer.


Summary
We implemented a qualitative


three-criteria assessment in addition
to the quantitative meta-analyses.
Based on the more traditional quan-


titative summary risk estimates
shown in Table 5, 10 cancers, or half,
were significantly associated with
firefighting. Three cancers were des-
ignated as a probable risk based on
the quantitative meta-risk estimates
and our three criteria assessment.
These cancers included multiple my-
eloma, non-Hodgkin’s lymphoma,
and prostate. A recommendation is
also made, however, for upgrading
testicular cancer to “probable” based
on the twofold excess summary risk
estimate and the consistency among
the studies. Thus, firefighter risk for
these four cancers may be related to
the direct effect associated with ex-
posures to complex mixtures, the
routes of delivery to target organs,
and the indirect effects associated
with modulation of biochemical or
physiologic pathways. In anecdotal
conversations with firefighters, they
report that their skin, including the
groin area, is frequently covered with
“black soot.” It is noteworthy that
testicular cancer had the highest
summary risk estimate (2.02) and
skin cancer had a summary risk esti-
mate (1.39) higher than prostate
(1.28). Certainly, Edelman et al3 at
the World Trade Center, although
under extreme conditions, revealed
the hazards that firefighters may en-
counter only because air monitoring
was performed.


TABLE 5
Continued


Cancer Site
Likelihood of Cancer


Risk by Criteria
Summary Risk


Estimate (95% CI) Comments


Hodgkin’s
disease


Unlikely 1.07 (0.59–1.92) Higher than mSMR (0.78, 95% CI � 0.21–2.01)
Based on three analyses
Heterogeneity—not significant at the 10% level


Liver Unlikely 1.04 (0.72–1.49) Similar to mSMR (1.00, 95% CI � 0.63–1.52)
Based on seven analyses
Heterogeneity—not significant at the 10% level


Lung Unlikely 1.03 (0.97–1.08) Similar to mSMR and PMR (1.05, 95% CI � 0.96–1.14)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was


heterogeneity among PMR studies
All cancers Unlikely 1.05 (1.00–1.09) Similar to mSMR and PMR (1.06, 95% CI � 1.02–1.10


Based on 25 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies


CI indicates confidence interval; SMR, standardized mortality ratio; PMR, proportional mortality ratio; SIR, standardized incidence ratio.
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John Howard, M.STACD.


Administrator, World Trade Center Health Program


Centers for Disease Control and Prevention (CDC)


National Institute for Occupational Safety and Health (NIOSH)


395 E. St, S.W.


Suite 9200, Patriots Plaza


Washington, D.C. 20201


Dear Dr. Howard:


We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).


The STAC has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that exposures resulting from the collapse of the buildings and high-temperature fires are likely to increase the probability of developing some cancers
. This conclusion is based primarily on the presence of approximately 70 known and potential carcinogens in the smoke, dust, volatile and semi-volatile contaminants identified at the World Trade Center site (Table 1). Fifteen of these substances are classified by the International Agency for Research on Cancer (IARC) as known to cause cancer in humans, 37 are classified by the National Toxicology Program (NTP) as reasonably anticipated to cause cancer in humans; others  are classified by IARC as probable and possible carcinogens.  Many of these carcinogens are genotoxic and it is therefore assumed that any level of exposure carries some risk.   Exposure data are extremely limited.  No data were collected in the first 4 days when the highest levels of air contaminants occurred, and the variety of samples taken on or after September 16, 2001 are insufficient to provide quantitative estimates of exposure on an individual or area level.  However, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in large numbers of rescue, recovery, clean up and restoration workers, as well as qualitative descriptions of exposure conditions in downtown Manhattan, represent highly credible evidence that significant toxic exposures occurred.  Furthermore, the salient biological reaction that underlies many currently recognized WTC health conditions – persistent inflammation – is now believed to be an important mechanism underlying cancer through generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. Given that cancer latencies for solid tumors average 20 years or more, , it is noteworthy that the published FDNY study of fire fighters showed a statistically significant excess in cancer of all sites with only 7 years of follow-up. 


The committee deliberated  on whether to designate all cancers as WTC-related conditions or to list only cancers with the strongest evidence.   Some members proposed to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others argued for the alternative  listing specific cancers best available evidence. The committee agreed as a next step to generate a list of cancers potentially related to WTC exposures from three sources:


(1) cancers with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs reviews for carcinogens present at the WTC site (Table 2); 


(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 3); and 


(3) cancers for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 4).The organ sites identified from any of the three sources are listed in Table 4, along with a summary of evidence from each source. With respect to the use of the IARC data to identify potential cancer sites in humans, the committee wishes to emphasize that the body of evidence regarding carcinogenicity of substances present in WTC dusts and smoke is not limited to those considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal studies and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding organ sites of carcinogenicity in humans. 


In addition to the organ sites identified in Table 4, the Committee also agreed to consider the inclusion of rare cancers and childhood cancers.   After further review and discussion of the strength of the evidence for including all cancers and the alternative of including specific cancer site groupings and sites, the committee makes the following recommendations  which will be based on discussonsit’s the March 28 meeting:


Option 1:  Recommend that all cancers be added to the list of WTC-related conditions


As noted above, one rationale for including all cancers is the incomplete and limited epidemiological data available to identify specific organ sites.  There is also some evidence from two of the three sources used by the STAC to identify potentially WTC-related organ sites.  One line of evidence is that for 2,3,7,8-tetrachlorobenzo-para-dioxin (TCDD), an IARC Group 1 carcinogen identified in air and surface samples taken around the WTC site, sufficient evidence for carcinogenicity in humans is based on excess in cancer of all sites combined, with limited evidence  for soft tissue sarcoma, non-Hodgkin lymphoma and cancer of the lung.  The primary mechanism of action of TCDD, which is binding and activation of the aryl hydrocarbon hydroxylase receptor (AhR), is consistent with the potential for TCDD exposure to enhance the carcinogenicity of chemical exposures at multiple sites by increasing rates of metabolic activation to epoxides and other DNA-reactive agents (http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-27.pdf).  The second line of evidence is that the FDNY firefighters study also found a statistically significant excess of cancers of all sites for WTC-exposed compared to unexposed firefighters.  As discussed in Section  2.c. of the supporting document, evidence for the intensity of WTC-related TCDD exposures is limited.  Elevated air levels of TCDD were measured in area air samples taken at the periphery of the WTC site, and concentrations of TCDD in window films taken from adjacent buildings were substantially higher than those more distant from the site.  On the other hand, the Edelman et al. study of blood samples from FDNY firefighters did not find elevated levels of dioxin-like compounds in highly WTC exposed firefighters compared to controls.  This is reasonably strong evidence against substantial dioxin exposures given the long (approximately 7-year) half-life of TCDD and the inclusion of highly exposed FDNY firefighters in the study.  The results of the study of cancer incidence among FDNY firefighters,  discussed in Section 4 of the supporting document,  are generally supportive of a small excess risk of cancers of all sites combined among exposed firefighters, although adjustment for surveillance bias substantially weakened the association. 

In addition to the evidence from the sources used by the committee to compile a list of WTC-related cancers, arguments in favor of listing all cancers include the presence of multiple exposures and mixtures with the potential to act synergistically and to produce unexpected health effects, the major gaps in the data with respect to the range and levels of carcinogens, the potential for heterogeneous exposures and hot spots representing exceptionally high or unique exposures both on the WTC site and in surrounding communities, the potential for bioaccumulation of some of the compounds, limitations of testing for carcinogenicity of many of the 287 agents and chemical groups cited in the first NIOSH Periodic Review, the large volume of toxic materials  present in the WTC towers, and lack of certainty in the evidence for targeting specific organs or organ site groupings as WTC-related. An additional concern is that much of the data used to identify sites of carcinogenicity in humans is from occupational studies of highly exposed industrial populations, which generally did not include women.  Thus, the availability of epidemiologic data on environmental causes of female breast cancer and cancers of the female reproductive organs is limited.    


[There are several concerns about the option of listing all cancers as WTC-related conditions.  The objective of the committee is to provide advice that is scientifically credible and evidence-based as well as in the best interest of affected populations from a medical and public health perspective.  While it may appear that listing all cancers as potentially WTC-related is in the best interest of affected populations, in practice, it may not be. One concern is that if our conclusions
 are not well supported and credible in the scientific community, they may be rejected by the Administrator and diminish the impact of the STAC’s recommendations in the future.  In addition, there is a potential for genuine harm to the WTC health programs and the populations they serve if the definition of potentially WTC-realted cancers is overly broad.   Since cancer is a very common disease, it can be predicted that a large number of people with cancer would apply for coverage by the WTC Health Program, and quite likely the vast majority of those who have cancers with no or little evidence of association with WTC-exposure would be denied.   Medical resources required to conduct these evaluations would be substantial, and even if increased resources are made available, will likely divert program resources and reduce quality of care to those with well-documented WTC-related diseases.
  In addition, for cancers with weak or no evidence for association with WTC exposure, it will be difficult to develop criteria that health care providers can reliably apply to certify that a cancer is WTC-related.  
This could result in inconsistency in decisions made by individual health care providers, and undermine confidence in the fairness and objectivity of the certification process.  At an individual level, if all cancers are listed as WTC-related, a large number of cancer patients who would request certifcation that their condition is WTC-related would likely be denied.  This could cause additional stress to individuals already experiencing emotional distress, anxiety and discomfort related to their cancer diagnosis and treatment.]  

Option 2:  Recommend that selected cancers and cancer site groupings with the strongest evidence be added to the list of WTC-related conditions (each to be discussed and voted on individually):


The committee recommends listing of the following site grouping and sites (each to be discussed and voted on separately) be listed as WTC-related conditions based on the strength of the evidence summarized in Table 4: 

· The committee recommends that malignant neoplasms of the respiratory system (including nose, nasal cavity and middle ear (ICD-O-3 site codes C300-C301, C310-319), larynx C320-C329), lung and bronchus (CC340-C349), pleura (C384), trachea, mediastinum and other respiratory organs (C339, C381-C383, C388, C390, C398, C399)) be listed as WTC-related conditions.  These cancers are associated with exposure to many carcinogenic agents of concern at the WTC, including arsenic, asbestos, beryllium, cadmium, chromium, nickel, silica dust and soot.  The respiratory tract is also an the major site for acute and chronic toxicity resulting from WTC-exposures, including chronic nasopharyngitis, upper airway hyperreactivity, chronic laryngitis, interstitial lung disease, chronic respiratory disorder – fumes/vapors, reactive airways disease syndrome (RADS) and chronic cough syndrome.  Although the Zeig-Owens study did not find evidence for an increased risk of lung or other respiratory cancers among FDNY firefighters, both internal and external comparisons may have been affected by greater declines in smoking among WTC-exposed firefighters (due in part to their respiratory symptoms) than unexposed firefighters or the general public. Commendably, in 2002 a joint labor-management initiative offered a comprehensive voluntary smoking cessation program free of charge to FDNY smokers and family members Bars, Banauch et al. 2006


( ADDIN EN.CITE )
.  Smoking cessation reduces lung cancer rates within 5-10 years after quitting.  Thus, any increased risk of lung cancer associated with WTC exposures may have been obscured by lower rates of smoking-related lung cancer. 


· The committee recommends that certain cancers of the digestive system, including esophagus,(C150-C159), stomach (CC160-C169), colon and rectum (C180-189, C260, C199, C209), liver and intrahepatic bile duct (C220-CC221), retroperitoneum, peritoneum, omentum and mesentery (C481-C282) be listed as WTC-related conditions.   Esophageal cancer is associated with tetrachloroethylene, stomach cancer is associated with asbestos and inorganic lead compounds and colorectal cancer is associated with asbestos (Table 3).  Cancer of the liver has been associated with vinyl chloride, arsenic and inorganic arsenic compounds, polychlorinated biphenyls, and trichloroethylene (Table 3).  Gastrointestinal reflux disease (GERD) is associated with cancer of the esophagus, especially if it progresses to Barrett esophagus.  Since cancer of the distal esophagus. gastroesophageal junction and gastric cardia share common risk factors, Table 3 shows GERD as a WTC-related condition for stomach as well as esophageal cancer.   The Zeig-Owens study found evidence of an increased risk of stomach (including gastro-esophageal junction) and colorectal cancer among FDNY firefighters.   

· The committee recommends that cancers of the oral cavity and pharynx, including lip (C000-C009), tongue (C019-C029), salivary gland (C079-C089), floor of mouth (C040-C049), gum and other mouth (C030-C039, C050-C059, C060-C069), nasopharynx (CC110-C119), tonsil (C090-C099), oropharynx (C100-C109), hypopharynx (C129, C130-139) and other oral cavity and pharynx (C140-C179) be listed as WTC-related conditions.  IARC has found limited evidence that asbestos causes pharyngeal cancer in humans and sufficient evidence that formaldehyde causes cancer of the nasopharynx.  The lip, oral cavity and pharynx are areas with high potential for direct exposure to toxic materials through hand-to-mouth contact. 

· The committee recommends that soft tissue sarcomas (C380, C470-C479, C490-C499) be listed as WTC-related conditions.  IARC has found limited evidence for increased risk of soft tissue sarcoma associated with exposure to polychorophenols and their sodium salts  and 2,3,7,8-TCDD.  Soft tissue sarcoma rates rates are very low in the general population (age-adjusted incidence rate approximately 3 per 100,000) and therefore excesses are difficult to detect in epidemiologic studies.     


· The committee recommends that melanoma (C440-449) and non-melanoma skin cancers, including scrotal cancer, be listed as WTC-related conditions. According to IARC, skin cancer is associated with exposure to arsenic and inorganic arsenic compounds and soot (Table 3).  The Zeig-Owens study found a statistically significant increase in melanoma among exposed firefighters compared to the general population; the Standardized Incidence Ratio (SIR) was slightly larger but not significant when compared to non-exposed firefighters.  No adjustment for surveillance bias was reported for malignant melanoma although early detection through medical surveillance is likely.


· The committee recommends that mesothelioma of the pleura and peritoneum (ICD-O-3 histology 9050-9055) be listed as WTC-related conditions.  Asbestos exposure is the only known cause of mesothelioma, and mesotheliomas have been documented in association with very low levels of community or household contact with asbestos. Mesothelioma rates are very low in the general population (age-adjusted incidence rate approximately 1 per 100,000) and therefore excesses are difficult to detect in epidemiologic studies.     


· The committee recommends that cancer of the ovary (C569) be listed as a WTC-related condition.  IARC has found sufficient evidence that asbestos exposure causes ovarian cancer.  The incidence of ovarian cancer is relatively low (age-adjusted incidence rate approximately 6 per 100,000 women) and therefore difficult to detect in epidemiologic studies.     


· The committee recommends that prostate cancer be listed as a WTC-related condition.  IARC has found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes prostate cancer.  Although arsenic and cadmium were present in dust samples from the WTC area, concentrations of these metals were relatively low compared to other metals such as lead and zinc Plumlee, Hageman et al. 2005()
  The Zeig-Owens study found a significantly elevated SIR of 1.49 for exposed firefighters compared to the general population, but risk was also significantly elevated for non-exposed firefighters (SIR=1.35).  The SIR for exposed compared to non-exposed firefighters was 1.11 and nonsignificant.  Correction for surveillance bias for exposed firefighters reduced the SIR to 1.11 (non-significant).  The elevated SIR observed for non-exposed firefighters is consistent with a recent meta-analysis of 32 epidemiologic studies of firefighters which found a statistically significant summary risk of 1.28 for prostate cancer LeMasters, Genaidy et al. 2006()
.  Prostate cancer is also recognized to be more likely than other cancers to be over diagnosed, a term used to mean that a cancer is diagnosed and treated that would not otherwise go on to cause symptoms or death Welch and Black 2010


( ADDIN EN.CITE )
, and a 2-year lag period may not be sufficient to fully account for surveillance bias. 


· The committee recommends that cancers of the urinary tract, including urinary bladder (C670-670), kidney and renal pelvis (C649, C659), ureter (CC669), and other urinary organs (C680-C689) be listed as WTC-related conditions.  IARC found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes kidney cancer, sufficient evidence that arsenic and inorganic arsenic compounds” cause cancer of the urinary bladder, and limited evidence that diesel engine exhaust and soot cause cancer of the urinary bladder.  Transitional cell cancers of the renal pelvis, ureter and urinary bladder have been associated with a number of occupational and environmental exposures.   

· The committee recommends that cancer of the eye and orbit (C690-C699) be listed as a WTC-related  condition for individuals engaged in welding.  Welding is considered by IARC to have sufficient evidence for cancer of the eye.

·  The committee recommends that thyroid cancer be listed as a WTC-related  condition. Thyroid cancer has not been associated with any of the agents known to be present at the WTC and the primary evidence for an excess risk comes from the Zeig-Owens study.   In that study, 17 thyroid cancers were observed and 6 expected based on national rates, yielding a statistically significant SIR of 3.07.  The SIR was 5.21 and statistically significant compared with unexposed firefighters, and was 2.17 and significant after a two year lag was applied.   The magnitude of the SIR for thyroid cancer was relatively large, although the significance of this finding is tempered by the possibility that a 2 year lag would not fully account for medical surveillance bias.   

· The committee recommends that lymphoma, leukemia and myeloma (see Appendix 1 for ICDO-3 site and histology codes) be listed as WTC-related conditions. All lymphatic and hematopoietic cancers (LHC’s) are combined in this document because of variation in how these cancers have been classified and grouped in epidemiologic studies, inaccuracy of death certificate diagnosis for these cancers and changes in clinical nomenclature over time.  Various LHC’s have been associated in humans with exposure to benzene, 1,3-butadiene, formaldehyde, polychlorophenols or their sodium salts (combined exposures), styrene and 2,3,7,8-tetrachlorodibenzo-para-dioxin (Table 3).  In addition, the Zeig-Owens study found a statistically significant increase in non-Hodgkin lymphoma which was only modestly attenuated when adjusted for surveillance bias.  Case-series reports have noted that a potential excess of multiple myeloma among WTC responders Moline, Herbert et al. 2009


( ADDIN EN.CITE )
.  LHC’s are associated with a variety of carcinogenic exposures; elevated rates of some LHC’s have been observed in atomic bomb survivors as well as cancer patients treated with radiation and some forms of chemotherapy.  The average latency for LHC’s after radiation or chemical exposure is generally shorter (< 10 years) than for solid tumors (> 20 years). Many leukemogens, including benzene, radiation and chemotherapy agents are associated with bone marrow toxicity at high doses.   Some LHC’s are associated with immunosuppression (such as AID’s related lymphomas) while others appear to be related to immune stimulation, including inflammation Purdue, Lan et al. 2011()
. It is increasingly recognized that many LHC’s have pre-clinical phases, and the STAC recommends that the pre-malignant and myelodysplastic diseases be included as WTC-related conditions as well. 

The committee recommends that childhood cancers 
(all cancers diagnosed in persons less than 19 years old) be listed as WTC-related conditions.  The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.National Research 1993()
 Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.Thurlbeck 1982


( ADDIN EN.CITE ; Trasande and Thurston 2005)
  

· The committee recommends that rare cancers 
be listed as WTC-related conditions.


The Committee recognizes that additional epidemiologic studies will soon become available and recommends that as their results  become available, their findings be reviewed and modifications made to the list as appropriate.  


The Committee also recommends that, in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  


We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.
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1.  Evidence regarding carcinogenic exposures:


The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-Landrigan, Lioy et al. 2004


( ADDIN EN.CITE )
volatile organic compounds and other products of high-temperature combustion from burning jet fuel, heating oil, transformer oil and gasoline 
 ADDIN EN.CITE 
(Lioy and Georgopoulos 2006; Lioy, Pellizzari et al. 2006)
. Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement and other construction materials, and contained numerous particles, fibers and glass shards, resulting in acute eye, nose and throat irritation, leading rapidly to what came to be known as WTC cough. Smoke from fires that persisted into December 2011 contained polycyclic aromatic hydrocarbons, metals, organic chemicals and many other potential 
carcinogens. Heavy equipment and trucks contributed diesel emissions, and there was repeated resuspension of sediment and dust during the subsequent 10 month demolition and cleanup process.  Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in rescue, recovery, clean-up and restoration workers provides evidence for significant exposure levels and toxicity Aldrich, Gustave et al. 2010


( ADDIN EN.CITE )
 Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation 
 ADDIN EN.CITE 

(Brackbill, Hadler et al. 2009)
.


Members of the STAC and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in intensity and variety in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack and the presence of multiple and complex exposures. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about the potential increased risks of developing some cancers based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  


Based on these reports, the committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services include the time and date of arrival at the WTC site and other areas where WTC materials were transported or stored, total days and hours worked, specific jobs performed, breathing rates, work locations, particularly work in areas of smoldering fires, and use of personal protective equipment
. Especially in the early period of rescue and recovery, many individuals worked long shifts without adequate respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longer exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Numerous animal studies provide evidence that brief exposures to carcinogens can cause cancer.  Evaluation of the Single-Exposure Carcinogen Database containing 5576 studies involving 800 chemicals from 2000 articles showed that in 4271 of the studies, a single dose of an agent administered by multiple routes of exposure caused tumors to develop in males and females of many different animal models.  In addition to PAHs, many of the tested chemicals are environmentally relevant and are on various pollutant lists, including the IARC and NTP lists.  In support of the relevance of the single-exposure carcinogen concept to human cancer, the authors identified published occupational studies on benzene, beryllium, aromatic amines of benzidine, and arsenic in which exposures for less than a year were implicated as the causal factor in the development of cancer Calabrese and Blain 1999


( ADDIN EN.CITE )
.  In addition, studies of second or higher order tumors among cancer survivors have shown that both radiation therapy and some forms of chemotherapy increase risk for subsequent cancers, often with shorter latency periods than observed for lower dose, longer duration occupational and environmental exposures  Ng and Travis 2008()
   Recent in vivo and in vitro studies using biomarkers of gene expression are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.


Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Many NYC government offices are housed in buildings below Canal Street and many workers were required to return before any decontamination or cleaning took place and without personal protective equipment.  Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential, office and school building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children  in contaminated homes, daycare settings and schools  have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 


In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s).   In addition, we considered some contaminants present in lower quantities due to potential toxicity and/or biological persistence (polychlorinated biphenyls, dioxins and furans).

a. Asbestos


As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µg/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures 
Lioy, Georgopoulos et al. 2006()
. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µm and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that fibers < 5 µm in length also predominate in occupational settings 
 ADDIN EN.CITE 
(Stayner, Kuempel et al. 2008)
and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  Selection of the PCM sampling method that did not count fibers < 5  um in length was historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones but this has not been addressed extensively in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and short-term exposures to high airborne concentrations have  been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years Iwatsubo, Pairon et al. 1998


( ADDIN EN.CITE ; Rodelsperger, Jockel et al. 2001)
. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µm in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 


b. Polycyclic Aromatic Hydrocarbons


As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin or lavaged into the lungs of experimental animals. PAHs are produced by combustion of wood, coal and any other carbonaceous material.
  PAH are important causes of occupational lung cancer among tobacco smokers, coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in occupational and environmental settings in combination as complex mixtures and it is therefore not possible to isolate the effect of a single compound in epidemiologic studies. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). In addition, the PAH-containing mixture,  coal tar pitch volatiles, is listed as an A1 carcinogen by ACGIH ACGIH 2011()
.   PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs excreted  in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours) 
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(Li, Romanoff et al. 2010)
. Sources of PAH’s at the WTC included the burning of about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters of fuel oil and approximately the same amount of gasoline plus any and all burning items. Heavy machinery and power tool brought to the site added to particulate and PAH exposures.

Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001.  While, it was reported that PAH levels from the fires after 9/11 were among the highest ever reported from an outdoor sources (Pliel et al, 2004), the levels were lower than occupational exposure limits and appeared to make the case that there was not an excessive exposure.    Unfortunately, the samples were stationary area samples designed not to estimate exposures of workers on the pile, but the levels at or near ground level at the periphery to capture what might be leaving the site. It is documented that when area samples are not designed to capture the worst exposure case, they can under estimate personal worker exposure by from 3 to 40-fold
 ADDIN EN.CITE 

(Astrakianakis, Seixas et al. 2006; Mehta, Wang et al. 2008)
. ].  The vertical velocity of the smoke from the fires at the site would be the major reason that samples anywhere from 4-6 blocks from the pile itself would be lower than the personal exposures of the workers on the pile.  As the authors state in their paper, “…workers engaged in the cleanup efforts could have been exposed to much higher levels of PAHs than those in our samples and, thus, could bear higher cancer risks.  Indeed, another set of samples taken 13 blocks from the pile were approximately 50% lower than the average of the 3 sites at the fence line.  Pliel et al also did not report whether there were any consistent differences in PAH levels between the 3 fence line sites  which would have occurred if there were spatial differences consistent with wind patterns or absolute distance from the pile.  


The analysis of PAH levels by Pliel et al (2004)  in PM2.5 was also retrospective and opportunistic.  Analysis was limited completely to PAH remaining in the particulate phase captured on filters and not intended specifically for PAH analysis.   Thus, any PAH in the vapor phase would not have been included in the analysis.  Burstyn et al (2002) reported that the PAH in the vapor and particulate phases contributed equally to total PAH exposure in other workers.  


Pliel et al used non-linear regression to estimate the levels of PAH exposure on September 11, 2001 from the sampling data tha was collected beginning September 16, 2001. They estimate that maximal exposure would have been 35 ng.m3 .  Butt et al 2004 measured the PAH levels in window films from buildings that varied in distances and orientation from the ground zero pile.  They reported that upwind sites greater than 2 km from the pile had levels of 6000 ng.m2 .  This could be considered background.  In contrast , those sites that were within 1km averaged 77,100ng/m2, and those within 1 km and downwind from the site averaged 130,000 ng/m2.  While these data cannot be used for exposure estimates they do give an indication of the variation due to proximity and whether or not an window was in the overall plume.  


Thus, it would appear that the PAH exposure estimates taken from the area samples probably underestimated the exposure of worker s on the pile.  The magnitude of the underestimation is impossible to estimate but indications are that it could be an order of magnitude or greater.  


When done appropriately biological monitoring can be a very useful in estimating exposure.  Biomonitoring integrates exposure by all routes, including the use or misuse of personal protective equipment.  Biomonitoring can also be used to reconstruct exposures provided the half life of the biomarker and the time since the last exposure is documented.  The half life for the most widely used PAH biomarker , 1-hydroxypyrene (1HP) is effectively ~ 24 hours for persons without chronic exposure (Godschalk, Ostertag et al. 1998(; ACGIH 2011)
. This means that 1HP largely represents the exposure of only the last 24 hours.   Biological samples for PAH were also taken for exposure analysis (Edelman et al, 2003).  Unfortunately these samples were obtained for 365 firefighters 22-24 days after 9/11/01.  Assuming that the shape of the exposure curve estimated by Pliel et al (2003)are correct  (however, as discussed above, the absolute values are likely underestimated for workers on the pile), then the 1HP levels measured are estimates of exposures  that were much, much lower than the peaks that occurred 9/11-9/14.  Nonetheless, the 1HP levels remained significantly increased over what was seen in firefighters who were not at the WTC site.  Since more that 99.99% of the 1HP resulting from exposures immediately after 9/11 would have been eliminated well before the samples were collected, the Edelman data cannot be used to estimate exposure for that time.  Rather they will reflect the exposure during the previous 24 hour period.  The other shortcoming of the Edelman paper was that there was no indication of when the samples were taken relative to the person’s last exposure.  In addition, there is no indication of the distribution of the data within the groups and only the mean data are given without an idea of the variance.  The important questions, namely, were there some individuals with higher exposure in the previous 24 hours and what tasks did they perform, cannot be addressed either since this information is not provided.


There are also concerns that PAH may have been adsorbed unto  particulates and form large masses in the lung from which the PAH would only be slowly absorbed into the bodyGerde, Medinsky et al. 1991()
.  Unfortunately the data provided by Edelman et al cannot be used to determine if this possibility was in fact real since only one sample was collected from each worker.  


c. Polychlorinated biphenyls, dioxins, furans


Polychlorinated biphenyls (PCBs) were present in the transformer oil in the electrical power substation that was located in the World Trade Center
.  A large number of chemically different “congeners” which contain different amounts of chlorine substituted at different places in the biphenyl rings are treated as the same material their toxicity is not dissimilar (there is a difference in toxicity in those that are 42% chlorine by weight as opposed to those that are 54%).  Lorber, Gibb et al. 2007


( ADDIN EN.CITE )
 2007 noted that of the 100s of samples obtained for PCBs only 1 sample was above 100 ng/m3 and only 3 were greater than 50 ng/m3.  Air levels were said to be reduced fairly quickly to “normal” ambient urban levels of 1-8 ng/m3.  This might be expected since PCBs have an extremely low vapor pressure.   Once absorbed, PCBs have a fairly long half life in the body so biological monitoring should capture the exposure.  Edelman et al sampled for 31 PCB congeners 21 days after 9/11 and found  that there was not a statistically significant difference between any of the mean values of firefighters on or who never entered the GZ site.  On the other hand, Dalgren 2007 saw that certain PCB levels were markedly elevated in the sera of 7 first responders compared to general population norms .    For example, all 7 were above the median value of the CDC NHANES study, 3 were above the 75th percentile, 2 above the 90th and one above the 95thpercentile.   For several measured congeners the 2 highest firefighters had levels above the NHANES detection limit, where 95% of the unexposed population was below it.  These data indicate that PCB levels in the sera of at least some  first responders were elevated relative to the general population.  ioxin-like compounds  were present at elevated levels in the air immediately after 9/11/01.  These compounds are formed when chlorinated plastics like PVC are burned under certain conditions of temperature, oxygen and pressure.  The levels of dioxin and dioxin like compounds (furans and various congeners) were markedly elevated in initial area samples taken at the periphery of the WTC site (Ground Zero, GZ).  (Please see the discussion of PAH for the limitations of these samples to estimate exposure for those at GZ itself.)  At least 6 samples taken in late September or  early October yielded levels of total TCDD equivalents greater than 100 pg TEQ/m3, with the highest levels measured being 170 pg TEQ/m3 .  These were the highest ambient levels ever recorded.  (Lorber et al,  2007).  In comparison, typical urban ambient measurements or apporoximately 0.1 pgTEQ/ m3 and levels  reported downwind from incinerators are on the order 1-5 pgTEQ/ m3.  This would indicate substantial exposure to dioxin-like compounds.  The USEPA did not find elevated levels of TCDD in house dusts. 
However, analyses of window films obtained from buildings at various distances from the WTC found that concentrations of 2,3,7,8-TCDD were 400 times higher In a sample from Church and Warren Street than samples taken at New York University and in Brooklyn Rayne, Ikonomou et al. 2005


( ADDIN EN.CITE )
.    


Dioxins have relatively long half lives in the human body; for TCDD half life is estimated to be 7 years(MMWR, 1988).  Edelman et al, 2004 measured 15 dioxin like compounds in the sera of ~350 firefighters .  Only one congener was higher in the exposed firefighters compared to those who did not enter the site.  The mean values were 27.8 ppt for all on site firefighters, 30.1 ppt for those present at the collapse, 26.2 ppt for those arriving after the collapse (day 1 and 2) and 30.6 ppt for those in Special Operations Command.  Firefighters not at the site had and average level of 19.2 ppt.  There was no increase in TCDD levels compared to controls (please see PAH discussion for the limitations of the data presented in Edelman et al, 2004).  In contrast, the average levels reported for ~1,250 Ranch Hands  10 years after Vietman was 49 ppt and ranged to 313 ppt.   This work reported that 20 ppt was the highest level generally seen in the general population.  Again, no significant increase in TCDD levels were reported by Edelman, et al 2004.   


d. Particulates are non-fibrous and fibrous inorganic particles:  The non-fibrous are silica, coal mine dust, and a variety of metallic and non-metallic crustal silicates.  Although silica has been associated with lung cancer, this risk occurs in individuals with concomitant scarring and inflammation.  The fibrous particles include the commercial types of asbestos which are all known to be carcinogens (chrysotile, amosite, crocidlite, anthophyllite).  These are all hydrated magnesium silicates, and the main non-asbestos fiber that is a known carcinogen is the fibrous zeolite erionite.  Erionite is a fibrous aluminum silicate.  Other fibers may contaminate commercial products and be a cause of cancer including tremolite, and possibly other fibers in vermiculite.  Man-made vitreous fibers, rock wool, fibrous glass, glass shards, and other fiber-like fragments either do not have any association with cancer or very limited data.  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.  Diesel exhaust has been implicated as a cause of lung cancer in large mortality studies of railroad workers and recently in non-metallic underground miners.  This latter cohort of more than 10,000 miners exposed to high diesel exhaust concentrations without confounding by radon had more than a 25% increase in lung cancer mortality.  A subsequent case-control study corroborated this increase and differentiated the risk from cigarette smoking.  Bronchoalveolar lavage studies of asbestos workers and one FDNY worker have shown chrysotile and amosite asbestos fibers in the BAL cells.  These have ranged from 30 to 300 or more per million alveolar macrophages.  In the one FDNY individual studied, an uncoated asbestos fiber was observed, a metallic fiber of chromium, fly ash particles, and degraded fibrous glass were observed two weeks post-9/11.   


 e.  Carcinogenic metals 


As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 


WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 


Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 


As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)


f.  Volatile organic compounds (VOCs)


As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.


Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 


Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 


Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.


As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 


2.  Mechanisms of carcinogenesis and role of inflammation


a. Overview of Carcinogenesis


As presented by Committee member Dr. Elizabeth Ward and elaborated on by Dr. Julia Quint, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 


b. Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data


Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 


Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).


c. Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation


Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 


 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  


Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 


Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).


d. WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes


A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].


Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  


Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 


3. Evidence regarding cancer from completed incidence studies


One study has been published regarding cancer outcomes among 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of them were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   


Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years, based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were calculated for the exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population, SIR Ratios were calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early  diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  in the FDNY medical surveillance program.  


Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data and insufficient variability in exposure to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  


263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  

After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters. Arguing against a more severe surveillance bias is that cancer staging did not demonstrate an earlier stage of diagnosis in the exposed as compared to the unexposed.

For each individual type of cancer, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance. Regarding prostate cancer, consistent with prior studies (LeMasters et al, JOEM 48:1189-1202, 2006), even the unexposed firefighters had slightly and statistically significantly higher incidence than predicted, with SIR 1.35.  The WTC-exposed FDNY group did not show an increased risk over unexposed, with estimated SIR ratio 0.90 (after correction for possible surveillance bias).  Therefore, despite the statistically significant SIR for prostate cancer in WTC-exposed compared to the general population, the Zeig-Owens study does not provide evidence for an increased risk of prostate cancer associated with WTC exposures.

Data from this study for cancer sites with some evidence of increased risk are shown in Table 4. 


Views on the committee are mixed regarding the  interpretation of the elevated all-cancer SIR in the Zeig-Owens study.  Some believe that  these results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters, and c that the detection of this risk  with only a little over seven years of post-9/11 data,  the ultimate magnitude of the increased risk is likely to be higher than 32%.  Others believe that the increased cancer risk may reflect in part increased risks of cancer resulting from pre-9/11 occupational exposures to carcinogens, consistent with increased risks of several cancers found among firefighters in a recent meta-analysis (LeMasters et al .  JOEM 2006).  There is also concern that correction for surveillance bias by introducing a two-year lag period is inadequate, and that surveillance bias was not corrected for in melanoma, a site that is subject to early detection by medical surveillance.  

Additional post-WTC cancer incidence results are expected to come from the non-FDNY WTC Responder Consortium, the WTC registry cohorts and from the FDNY EMS cohort in the near future.  The STAC has not had access to and therefore has not based current recommendations on those studies. Given the paucity of epidemiological studies to date, additional studies can be expected to inform the body of knowledge on the issue of WTC and cancer risk, though the limitations of surveillance bias, sample size, selection bias, limited follow-up and others may persist. However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small
.


4.  Inclusion of rare cancers   That rare cancers are difficult to study has been readily acknowledged and has drawn recent attention from the National Cancer Institute and cancer registries (Greenlee, Public Health Reports, 2010; NCI Workshop- see Greenlee reference #2). Cancers that are rare by site (e.g., liver angiosarcoma) (Creech and Johnson) or age (eg – lung cancer in men in the early 30’s) (BCME report in NEJM
) have served as sentinel events in occupational settings. Unusual cancers that occur among WTC responders and survivors may be difficult to link to WTC exposures, because the populations at risk, though sizable, are limited and therefore may undermine the capacity of epidemiologic methods to provide statistically stable estimates of relative risk. Animal studies of rare cancers are also of limited use, because cancer sites in humans and animals exposed to the same agents frequently don’t match. Since customary study methods are unlikely to clarify whether rare cancers among WTC-exposed populations –unless they occur in sizable clusters – are likely to be related to WTC exposures and additionally, given the sizable number of carcinogens (and related cancer sites) present in WTC smoke and dust, it is reasonable to include rare cancers among the list of cancers that WTC exposures may be expected to cause.


Defining a rate that delineates rare cancers from less rare cancers is difficult. An NCI workshop on this topic held in 2007 used an incidence of 150 cases per 1 million per year as a cut point (See Greenlee reference #2). This definition has the consequence that 25% of all adult cancers in the US would be classified as rare (Greenlee 2010). Additional definitions – 10 cases per million per year and 1 case per million per year – have also been examined (Greenlee 2010).


For the purposes of potential WTC exposure-related cancers, a sensible approach would be to use the size of the at-risk populations under study and the associated estimates of person-years with accepted levels of relative risk (e.g., two-fold increase) and error (e.g.,  alpha =.05, beta = 0.20) in order to determine the underlying site-specific cancer incidence that might be capable of study. All site-specific incidence rates below that specified incidence would then be considered rare. Gender and age could be factored into these determinations.  Although this incidence estimate could be made at present based on the FDNY cancer study, results of the forthcoming cancer studies, the WTC Responder study and the NYC DOHMH WTC Health Registry study, will increase the estimates of person-years and improve the determination of a threshold incidence to define a rare cancer.


We emphasize that this is one possible approach to defining rare cancers that has the advantage of using WTC population-specific data, but that there are additional approaches to defining rare cancers for the purposes of determining a policy decision about WTC-related cancers.


5.  Inclusion of childhood cancers:  The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.National Research 1993()
 Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.Thurlbeck 1982


( ADDIN EN.CITE ; Trasande and Thurston 2005)
  Their developing organ systems are also more vulnerable to and less well able to detoxify or eliminate many chemicals.Ginsberg, Hattis et al. 2004


( ADDIN EN.CITE ; Grandjean and Landrigan 2007)
 Together, these aspects of early life development increase the likelihood of lifelong organ system impairment following exposure to environmental chemicals.Rice and Barone Jr 2000()
 Children also have greater years of life in which chronic conditions can occur as a result of early life exposures.Bearer 1995()
 The chemicals associated with childhood cancer include pesticides, benzene and 1,3-butadiene.


Children who attended schools and lived near the World Trade Center site experienced exposures in the range of responder populations in which increases in cancers have been documented.  Given the baseline relative infrequency in which cancer occurs in children, and the limited statistical power of even a study of all 14,000 children who lived south of 14th Street on September 11, 2001, no negative study will eliminate the possibility of causation.  Indeed, this is an area of need for research, yet such research should not preclude a measure of caution taken in including coverage for all cancers incident before age 21 insofar as a health care provider confirms substantial likelihood of association with World Trade Center exposures. 


I. Summary of Cancer Classifications for COPC and Select Other Agents 


IARC Group 1—Carcinogenic to Humans


This category is used when there is sufficient evidence of carcinogenicity in humans. Exceptionally, an agent may be placed in this category when evidence of carcinogenicity in humans is less than sufficient but there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity.


		Agent

		Category

		Exposure Information



		

		IARC

		NTP

		



		Arsenic

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Arsenic.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol84/mono84-6E.pdf



		Asbestos

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Asbestos.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-20.pdf



		Benzene

		1

		A

		



		NTP hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-24.pdf



		IARC hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Benzene.pdf



		Benzo[a]pyrene (PAHs)

		1

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Beryllium

		1

		A

		



		NTP hyperlink:

		 http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Beryllium.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol58/mono58-6.pdf





		1,3-Butadiene

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Butadiene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol97/mono97.pdf



		Cadmium and compounds

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Cadmium.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol58/mono58-7E.pdf



		Chromium VI

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/ChromiumHexavalentCompounds.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-6.pdf



		Formaldehyde

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Formaldehyde.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol88/mono88-6.pdf



		Nickel compounds

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nickel.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-7.pdf



		Quartz

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Silica.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol68/mono68-6.pdf



		Soot


		1

		B

		



		NTP hyperlink

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Soots.pdf



		IARC hyperlink

		http://monographs.iarc.fr/ENG/Monographs/vol35/volume35.pdf



		Sulfuric Acid

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/StrongInorganicAcidMists.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol54/mono54-6.pdf



		Vinyl chloride

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/VinylHalides.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol97/mono97-8.pdf





IARC Group 2A—Probably Carcinogenic to Humans

This category is used when there is limited evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent may be classified in this category when there is inadequate evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals and strong evidence that the carcinogenesis is mediated by a mechanism that also operates in humans. Exceptionally, an agent may be classified in this category solely on the basis of limited evidence of carcinogenicity in humans. An agent may be assigned to this category if it clearly belongs, based on mechanistic considerations, to a class of agents for which one of more members have been classified in Group 1 or in Group 2A.


		Agent

		Category 

		Exposure Information



		

		IARC

		NTP


		



		Benzyl Chloride

		2A

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-19.pdf



		Biomass fuel 


(primarily wood, indoor emissions from household combustion)

		2A

		NL

		



		NTP hyperlink

		Not applicable



		IARC hyperlink

		http://monographs.iarc.fr/ENG/Monographs/vol95/mono95-6A.pdf



		Dibenz[a,h]anthracene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Engine Exhaust, diesel

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/DieselExhaustParticulates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol46/volume46.pdf



		Ethylene Dibromide

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dibromoethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-28.pdf



		Lead (inorganic)

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Lead.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol87/index.php



		Nitrate ion (ingested)

		2A

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol94/mono94-6F.pdf



		Polychlorinated Biphenyls

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolychlorinatedBiphenyls.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/suppl7.pdf



		Tetrachloroethylene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Tetrachloroethylene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/volume63.pdf



		Trichloroethylene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Trichloroethylene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/mono63-6.pdf





IARC Group 2B—Possibly Carcinogenic to Humans

This category is used for agents for which there is limited evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals. It may also be used when there is inadequate evidence of carcinogenicity in experimental animals. In some instances, an agent for which there is inadequate evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals, together with supporting evidence from mechanistic and other relevant data, may be placed in this group. An agent may be classified in this category solely on the basis of strong evidence from mechanistic and other relevant data.


		Agent

		Category 

		Exposure Information



		

		IARC

		NTP


		



		Acrylonitrile

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Acrylonitrile.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-7.pdf



		Antimony trioxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol47/volume47.pdf



		Benzene Hexachloride 


(syn: lindane)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Lindane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-88.pdf 



		Benz[a]anthracene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Benzo[b]fluoranthene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Benzo[k]fluoranthene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Bromodichloromethane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Bromodichloromethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-73.pdf



		Carbon tetrachloride

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/CarbonTetrachloride.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/volume71.pdf



		Cobalt sulfate and soluble cobalt

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/CobaltSulfate.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol86/mono86-6E.pdf 



		Chlordane

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-17.pdf



		4-Chloroaniline

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol57/mono57-21.pdf



		Chloroform

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Chloroform.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-10.pdf



		Chrysene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		DDT

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorodiphenyltrichloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		1,4-Dichlorobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-13.pdf



		3,3'-Dichlorobenzidine

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorobenzidine.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol99/mono99-10.pdf



		p,p'-Dichlorodiphenyl-dichloroethane  (TDE)

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		p,p'-Dichlorodiphenyl-dichloroethylene (DDE)

		2B

		NL

		



		NTP hyperlink:

		



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		1,2-Dichloroethane


 (syn: Ethylene dichloride)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-21.pdf



		2,4-Dinitrotoluene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/mono65-9.pdf 



		2,6-Dinitrotoluene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/volume65.pdf





		1,4-Dioxane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dioxane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-25.pdf



		Ethylbenzene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol77/mono77-10.pdf



		Heptachlor

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-17.pdf



		Hexachlorobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Hexachlorobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-18.pdf



		Hexachloroethane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Hexachloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-15.pdf



		Indeno[1,2,3-cd]pyrene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf



		Methylene chloride 


(syn: dichloromethane)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichloromethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf



		Mirex

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Mirex.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol20/volume20.pdf



		Naphthalene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Naphthalene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol82/mono82-8.pdf



		Nickel metallic

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nickel.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-7.pdf



		Nitrobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nitrobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/mono65-11.pdf



		N-Nitroso-Di-n-propylamine

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nitrosamines.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol17/volume17.pdf



		Pentachlorophenol

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-34.pdf



		Styrene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Styrene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol82/mono82-9.pdf



		Titanium Dioxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol93/mono93-7F.pdf



		Toxaphene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Toxaphene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-19.pdf



		2,4-Toluenediisocyanate

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/TolueneDiisocyanates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-37.pdf



		2,6-toluene diisocyanate

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/TolueneDiisocyanates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-37.pdf



		2,4,6-Trichlorophenol

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Trichlorophenol.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-34.pdf



		Vanadium Pentoxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol86/mono86-10.pdf



		Vinyl acetate

		2B

		NL

		



		NTP hyperlink:

		



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/mono63-19.pdf





Table 2. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans 
 ADDIN EN.CITE 
(Cogliano, Baan et al. 2011)
.


		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic


   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung


Skin


Urinary bladder

		Kidney


Liver


Prostate



		Asbestos (all forms)

		Larynx


Lung


Mesothelioma


Ovary

		Colorectum


Pharynx


Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney


Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia


Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung


Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung


Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung


Non-Hodgkin lymphoma


Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		





Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence 
 ADDIN EN.CITE 

(Cogliano, Baan et al. 2011)


		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung


Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma


Soft-tissue sarcoma



		Tetrachloroethylene

		Cervix


Non-Hodgkin Lymphoma


Esophagus



		Trichloroethylene

		Liver and biliary tract


Non-Hodgkin Lymphoma





Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation


		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux





Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 


		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans 
 ADDIN EN.CITE 

(Cogliano, Baan et al. 2011)


		WTC-related Conditions

		FDNY Study


Cancers with Elevated Standardized


Incidence Ratios (SIR’s)
 ADDIN EN.CITE 
(Zeig-Owens, Webber et al. 2011)
. **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)




		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde




		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		GERD

		



		      Stomach

		Limited: Asbestos (all forms)


Limited: Lead compounds, inorganic




		GERD

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.82 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride


Limited: Arsenic and inorganic arsenic compounds


Limited: Polychlorinated biphenyls


Limited: Trichloroethylene



		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal


       sinus

		Sufficient: Nickel compounds


Limited: Chromium(VI) compounds


Limited: Formaldehyde

		Chronic nasopharyngitis


Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic


Sufficient: Asbestos (all forms)




		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds


Sufficient:  Asbestos (all forms)


Sufficient:  Beryllium and beryllium compounds


Sufficient:  Cadmium and cadmium compounds


Sufficient:  Chromium(VI) compounds


Sufficient:  Nickel compounds


Sufficient:  Silica dust, crystalline


Sufficient:  Soot


Limited:  Acid mists, strong inorganic


Limited:  Engine exhaust, diesel


Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin


Limited:  Welding fumes

		Interstitial lung disease


Chronic respiratory disorder – fumes/vapors


Reactive airways disease syndrome (RADS)


Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		

		

		

		



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds


Sufficient:  Soot




		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)




		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)


Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)




		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds


Limited: Cadmium and cadmium compounds


 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds


Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds


Limited: Engine exhaust, diesel

Limited: Soot




		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		Extensive foreign body washout required

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid




		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene


Sufficient:  1,3-Butadiene


Sufficient:  Formaldehyde


Limited: Polychlorophenols or their sodium salts (combined exposures)


Limited: Styrene


Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		Sarcoidosis

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		





*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.


.

Table 5.  WTC Human Carcinogens with established mechanistic events for tumor sites (or types) for which there is sufficient evidence in humans (adapted from IARC Monograph Working Group, 2009)


		WTC Human Carcinogen

		Tumor sites (or types) for which there is sufficient evidence in humans




		Other sites with


limited evidence 


in humans 

		Established mechanistic events



		Arsenic and Inorganic 


arsenic compounds




		Lung, skin, urinary bladder

		Kidney, liver, prostate

		Oxidative DNA damage, genomic instability, aneuploidy, gene amplication, epigenetic effects, DNA-repair inhibition leading to mutagenesis



		Asbestos (chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite)

		Lung, mesothelioma, larynx, ovary

		Colorectum, pharynx, stomach

		Impaired fiber clearance leading to macrophage activation, inflammation, generation of reactive oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic alteration, activation of signaling pathways, resistance to apoptosis 



		Beryllium and beryllium compounds

		Lung

		--

		Chromosome aberrations, aneuploidy, DNA damage



		Cadmium and Cadmium compounds

		Lung

		Prostate, kidney

		DNA-repair inhibition, disturbance of tumor-suppressor proteins leading to genomic stability



		Chromium (VI) compounds

		Lung

		Nasal cavity and paranasal sinuses

		Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, aneuploidy, cell transformation



		Nickel compounds

		Lung, nasal cavity, and paranasal sinuses

		--

		DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, alteration of DNA methylation, histone modification



		Silica dust, crystalline in the form of quartz or crystobalite

		Lung

		--

		Impaired particle clearance leading to macrophage activation and persistent inflammation
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Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.


Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.



The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.


Lioy, P. J., P. Georgopoulos, et al. (2006). An Overview of the Environmental Conditions and Human Exposures that Occurred Post September 11, 2001. Urban Aerosols and Their Impact:  Lessons Learned from the World Trade Center Tregedy. J. S. Gaffney and N. A. Marley, American Chemical Society.


Lioy, P. J., E. Pellizzari, et al. (2006). "The World Trade Center aftermath and its effects on health: understanding and learning through human-exposure science." Environ Sci Technol 40(22): 6876-6885.


Lorber, M., H. Gibb, et al. (2007). "Assessment of inhalation exposures and potential health risks to the general population that resulted from the collapse of the World Trade Center towers." Risk Anal 27(5): 1203-1221.



In the days following the collapse of the World Trade Center (WTC) towers on September 11, 2001 (9/11), the U.S. Environmental Protection Agency (EPA) initiated numerous air monitoring activities to better understand the ongoing impact of emissions from that disaster. Using these data, EPA conducted an inhalation exposure and human health risk assessment to the general population. This assessment does not address exposures and potential impacts that could have occurred to rescue workers, firefighters, and other site workers, nor does it address exposures that could have occurred in the indoor environment. Contaminants evaluated include particulate matter (PM), metals, polychlorinated biphenyls, dioxins, asbestos, volatile organic compounds, particle-bound polycyclic aromatic hydrocarbons, silica, and synthetic vitreous fibers (SVFs). This evaluation yielded three principal findings. (1) Persons exposed to extremely high levels of ambient PM and its components, SVFs, and other contaminants during the collapse of the WTC towers, and for several hours afterward, were likely to be at risk for acute and potentially chronic respiratory effects. (2) Available data suggest that contaminant concentrations within and near ground zero (GZ) remained significantly elevated above background levels for a few days after 9/11. Because only limited data on these critical few days were available, exposures and potential health impacts could not be evaluated with certainty for this time period. (3) Except for inhalation exposures that may have occurred on 9/11 and a few days afterward, the ambient air concentration data suggest that persons in the general population were unlikely to suffer short-term or long-term adverse health effects caused by inhalation exposures. While this analysis by EPA evaluated the potential for health impacts based on measured air concentrations, epidemiological studies conducted by organizations other than EPA have attempted to identify actual impacts. Such studies have identified respiratory effects in worker and general populations, and developmental effects in newborns whose mothers were near GZ on 9/11 or shortly thereafter. While researchers are not able to identify specific times and even exactly which contaminants are the cause of these effects, they have nonetheless concluded that exposure to WTC contaminants (and/or maternal stress, in the case of developmental effects) resulted in these effects, and have identified the time period including 9/11 itself and the days and few weeks afterward as a period of most concern based on high concentrations of key pollutants in the air and dust.


Mehta, A. J., X. R. Wang, et al. (2008). "Work area measurements as predictors of personal exposure to endotoxin and cotton dust in the cotton textile industry." The Annals of Occupational Hygiene 52(1): 45-54.


Moline, J. M., R. Herbert, et al. (2009). "Multiple myeloma in World Trade Center responders: a case series." J Occup Environ Med 51(8): 896-902.



OBJECTIVES: We report on cases of multiple myeloma (MM) observed in World Trade Center (WTC) responders registered in the WTC Medical Program. METHODS: Possible cases of MM diagnosed between September 11, 2001, and September 10, 2007, in responders were confirmed if they met the World Health Organization and Mayo Clinic diagnostic criteria. RESULTS: Among 28,252 responders of known sex and age, eight cases of MM were observed (6.8 expected). Four of these cases were observed in responders younger than 45 years at the time of diagnosis (1.2 expected). A slight deficit of MM cases was observed in responders older than 45 years (4 observed, 5.6 expected). CONCLUSION: In this case series, we observe an unusual number of MM cases in WTC responders under 45 years. This finding underscores the importance of maintaining surveillance for cancer and other emerging diseases in this highly exposed population.


National Research, C. (1993). "Pesticides in the Diets of Infants and Children."


Ng, A. K. and L. B. Travis (2008). "Second primary cancers: an overview." Hematol Oncol Clin North Am 22(2): 271-289, vii.



Substantial improvements in the past few decades in cancer detection and supportive care along with advances in therapy have led to growing numbers of cancer survivors. In view of the prolongation of survival in increasing numbers of patients, identification and quantification of the late effects of cancer and its therapy have become critical. One of the most serious events experienced by cancer survivors is the diagnosis of a new cancer. The number of patients who have second or higher-order cancers is increasing, and solid tumors are a leading cause of mortality among several populations of long-term survivors, including patients who have Hodgkin lymphoma. The focus of this article is treatment-associated malignancies in survivors of selected adult cancers.


Plumlee, G. S., P. L. Hageman, et al. (2005). Inorganic chemical composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy. . J. S. Gaffney and N. A. Marley. Washington, D.C., American Chemical Society Symposium Series. 919.


Purdue, M. P., Q. Lan, et al. (2011). "Prediagnostic serum levels of cytokines and other immune markers and risk of non-hodgkin lymphoma." Cancer Res 71(14): 4898-4907.



Although severe immune dysregulation is an established risk factor for non-Hodgkin lymphoma (NHL), it is unclear whether subclinical immune system function influences lymphomagenesis. To address this question, we conducted a nested case-control study within the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial to investigate whether circulating levels of cytokines and other immune markers are associated with future risk of NHL. Selected cytokines [interleukin (IL)-4, IL-6, IL-10, and TNF-alpha] and other immune markers [soluble TNF receptor 1 (sTNF-R1), sTNF-R2, C-reactive protein, and sCD27] were measured in prediagnostic serum specimens from 297 incident NHL cases and 297 individually matched controls. ORs and 95% confidence intervals (CI) relating quartiles of analyte concentration to NHL risk were calculated by using conditional logistic regression. Statistically significant associations with increased NHL risk were observed for elevated serum levels of sTNF-R1 (quartile 4 vs. quartile 1: OR = 1.7, 95% CI: 1.1-2.8; P(trend) = 0.02) and sCD27 (OR = 5.3, 95% CI: 2.9-9.4; P(trend) < 0.0001). These associations remained in analyses of cases diagnosed longer than 6 years following blood collection (sTNF-R1: OR = 2.1, 95% CI: 1.0-4.0, P(trend) = 0.01; sCD27: OR = 4.1, 95% CI: 1.9-8.5, P(trend) = 0.0001). Elevated levels of IL-10, TNF-alpha and sTNF-R2 were also significantly associated with increased risk of NHL overall; however, these associations weakened with increasing time from blood collection to case diagnosis and were null for cases diagnosed longer than 6 years postcollection. Our findings for sTNF-R1 and sCD27, possible markers for inflammatory and B-cell stimulatory states, respectively, support a role for subclinical inflammation and chronic B-cell stimulation in lymphomagenesis.


Rayne, S., M. G. Ikonomou, et al. (2005). "Polychlorinated dioxins and furans from the World Trade Center attacks in exterior window films from lower Manhattan in New York City." Environ Sci Technol 39(7): 1995-2003.



Samples of ambient organic films deposited on exterior window surfaces from lower Manhattan and Brooklyn in New York City were collected six weeks after the terrorist attacks at the World Trade Center (WTC) on September 11, 2001 and analyzed for polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). Total tetra- through octa-CDD/F concentrations in window films within 1 km of the WTC site in lower Manhattan ranged up to 630,000 pg/m2 (estimated as a mass concentration of ca. 1,300,000 pg/ g) and a maximum toxic equivalent (TEQ) concentration of 4700 TEQ/m2 (ca. 10 000 pg TEQ/g). Measurements at a background site 3.5 km away in Brooklyn showed lower concentrations at 130 pg TEQ/m2 (260 pg TEQ/g). Ambient gas-phase PCDD/F concentrations estimated for each site using an equilibrium partitioning model suggested concentrations ranging from ca. 2700 fg-TEQ/m3 near the WTC site to the more typical urban concentration of 20 fg-TEQ/m3 atthe Brooklyn site. Multivariate analyses of 2,3,7,8-substitued congeners and homologue group profiles suggested unique patterns in films near the WTC site compared to that observed at background sites in the study area and in other literature-derived combustion source profiles. Homologue profiles near the WTC site were dominated by tetra-, penta-, and Hexa-CDD/Fs, and 2,3,7,8-substituted profiles contained mostly octa- and hexachlorinated congeners. In comparison, profiles in Brooklyn and near mid-Manhattan exhibited congener and homologue patterns comprised mainly of hepta- and octa-CDDs, similar to that commonly reported in background air and soil.


Rice, D. and S. Barone Jr (2000). "Critical periods of vulnerability for the developing nervous system: Evidence from humans and animal models." Environmental Health Perspectives 108(SUPPL. 3): 511-533.


Rodelsperger, K., K. H. Jockel, et al. (2001). "Asbestos and man-made vitreous fibers as risk factors for diffuse malignant mesothelioma: results from a German hospital-based case-control study." Am J Ind Med 39(3): 262-275.



BACKGROUND: This study examines the role of occupational factors in the development of diffuse malignant mesothelioma with special emphasis on the dose-response relationship for asbestos and on the exposure to man-made vitreous fibers (MMVFs). METHODS: One hundred and twenty-five male cases, diagnosed by a panel of pathologists, were personally interviewed concerning their occupational and smoking history. The same number of population controls (matched for sex, age and region of residence) underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated for an expert-based exposure index using conditional logistic regression. RESULTS: Exposure to asbestos shows the expected sharp gradient with an OR of about 45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years). A significant OR was calculated even for the lowest exposure category "> 0 - < or = 0.15 fiber years". Although the mean cumulative exposure to MMVF is roughly 10% of the exposure to asbestos, an increased OR is observed in an ever/never evaluation. This observation is heavily hampered by methodical problems. A corresponding case-control study was performed using a lung tissue fiber analysis in addition to interviews. Both interviews and the lung tissue analysis yielded similar OR levels between the reference and the maximum exposure intervals. CONCLUSIONS: Despite a possible influence as a result of selection and information bias, our results confirm the previously reported observation of a distinct dose-response relationship even at levels of cumulative exposure below 1 fiber year. Moreover, the study confirms that asbestos is a relevant confounder for MMVF. A causal relationship between exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other studies.


Stayner, L., E. Kuempel, et al. (2008). "An epidemiological study of the role of chrysotile asbestos fibre dimensions in determining respiratory disease risk in exposed workers." Occup Environ Med 65(9): 613-619.



BACKGROUND: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question. METHODS: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter. RESULTS: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates. Cumulative exposures based on individual fibre size-specific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 microm). Longer (>10 microm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28-0.99, p values <0.001), which complicates the interpretation of the study findings. CONCLUSIONS: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.


Thurlbeck, W. M. (1982). "Postnatal human lung growth." Thorax 37(8): 564-571.


Trasande, L. and G. D. Thurston (2005). "The role of air pollution in asthma and other pediatric morbidities." J Allergy Clin Immunol 115(4): 689-699.


Welch, H. G. and W. C. Black (2010). "Overdiagnosis in cancer." J Natl Cancer Inst 102(9): 605-613.



This article summarizes the phenomenon of cancer overdiagnosis-the diagnosis of a "cancer" that would otherwise not go on to cause symptoms or death. We describe the two prerequisites for cancer overdiagnosis to occur: the existence of a silent disease reservoir and activities leading to its detection (particularly cancer screening). We estimated the magnitude of overdiagnosis from randomized trials: about 25% of mammographically detected breast cancers, 50% of chest x-ray and/or sputum-detected lung cancers, and 60% of prostate-specific antigen-detected prostate cancers. We also review data from observational studies and population-based cancer statistics suggesting overdiagnosis in computed tomography-detected lung cancer, neuroblastoma, thyroid cancer, melanoma, and kidney cancer. To address the problem, patients must be adequately informed of the nature and the magnitude of the trade-off involved with early cancer detection. Equally important, researchers need to work to develop better estimates of the magnitude of overdiagnosis and develop clinical strategies to help minimize it.


Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.



BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.


Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.


Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.


Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.


 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42


A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.


Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.


Background: This study examines the role of occupational factors in the development of


diffuse malignant mesothelioma with special emphasis on the dose±response relationship


for asbestos and on the exposure to man-made vitreous fibers (MMVFs).


Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,


were personally interviewed concerning their occupational and smoking history. The


same number of population controls (matched for sex, age and region of residence)


underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated


for an expert-based exposure index using conditional logistic regression.


Results: Exposure to asbestos shows the expected sharp gradient with an OR of about


45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A


significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber


years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure


to asbestos, an increased OR is observed in an ever/never evaluation. This observation is


heavily hampered by methodical problems. A corresponding case-control study was


performed using a lung tissue fiber analysis in addition to interviews. Both interviews and


the lung tissue analysis yielded similar OR levels between the reference and the maximum


exposure intervals.


Conclusions: Despite a possible influence as a result of selection and information bias,


our results confirm the previously reported observation of a distinct dose-response


relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study


confirms that asbestos is a relevant confounder for MMVF. A causal relationship between


exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other


studies.

� As found in occupational exposure of chimney sweeps.



� NL =  not listed



� NL =  not listed







�Will be voted on so this should be left blank until a recommendation it made by the STAC.



�Already limiting the list…



�We are making recommendations based on that which is being reported by the scientific community.



�This is really not a strong argument for limiting the list.  Eligibility criteria set forth by NIOSH have already limited enrollment.  The establishment of guidelines for the diagnosis and treatment will no doubt be stringent.  Aside from this, the Administrator will ultimately make choices impacting on the program, that he must also defend.



�We really haven’t explored this with the Docs treating WTC population.  The Steering committee in the early years was able to come up with guidelines for the covered conditions in the Act.



�The impact of prostate cancer awareness campaigns undertaken by public health organizations and agencies have not been raised but should be considered.  Employer based Wellness programs offer screening for many cancers, including prostate, skin, etc.  FDNY included prostate cancer in their wellness program since the 1990’s



�Can some be listed?  Are we going to vote on the individual childhood cancers?



�Define, elaborate. What makes them rare?



�Aren’t they known as carcinogenic?



�Cannot discount the lack of other controls at the site in the early days that could have reduced exposures.  Unlike the Pentagon, GZ was not controlled – it was not until later that decon sites and  Truck wash stations were set up.  Policies on PPE usage were not implemented until later …



�The experiences differ in intensity and magnitude – one dose vs. multiple doses over time.  The manner in which the exposure occurred was intensified by the velocity of the cloud as it traveled and permeated in and around those caught in it.



�All present on 9/11



�1,2,6,or 7 WTC?



�When did they conduct the monitoring?  Many factors could have affected this outcome.



�I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 



�This sentence is true but is needlessly negative. I re-phrased it as above..



�I will provide references.



�According to whom? Source?
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John Howard, M.STACD.


Administrator, World Trade Center Health Program


Centers for Disease Control and Prevention (CDC)


National Institute for Occupational Safety and Health (NIOSH)


395 E. St, S.W.


Suite 9200, Patriots Plaza


Washington, D.C. 20201


Dear Dr. Howard:


We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).


The STAC has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that exposures resulting from the collapse of the buildings and high-temperature fires are likely to increase the probability of developing some cancers. This conclusion is based primarily on the presence of approximately 70 known and potential carcinogens in the smoke, dust, volatile and semi-volatile contaminants identified at the World Trade Center site (Table 1). Fifteen of these substances are classified by the International Agency for Research on Cancer (IARC) as known to cause cancer in humans, 37 are classified by the National Toxicology Program (NTP) as reasonably anticipated to cause cancer in humans; others  are classified by IARC as probable and possible carcinogens.  Many of these carcinogens are genotoxic and it is therefore assumed that any level of exposure carries some risk.   Exposure data are extremely limited.  No data were collected in the first 4 days when the highest levels of air contaminants occurred, and the variety of samples taken on or after September 16, 2001 are insufficient to provide quantitative estimates of exposure on an individual or area level.  However, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in large numbers of rescue, recovery, clean up and restoration workers, as well as qualitative descriptions of exposure conditions in downtown Manhattan, represent highly credible evidence that significant toxic exposures occurred.  Furthermore, the salient biological reaction that underlies many currently recognized WTC health conditions – persistent inflammation – is now believed to be an important mechanism underlying cancer through generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. Given that cancer latencies for solid tumors average 20 years or more, , it is noteworthy that the published FDNY study of fire fighters showed a statistically significant excess in cancer of all sites with only 7 years of follow-up. 


The committee deliberated  on whether to designate all cancers as WTC-related conditions or to list only cancers with the strongest evidence.   Some members proposed to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others argued for the alternative  listing specific cancers best available evidence. The committee agreed as a next step to generate a list of cancers potentially related to WTC exposures from three sources:


(1) cancers with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs reviews for carcinogens present at the WTC site (Table 2); 


(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 3); and 


(3) cancers for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 4).The organ sites identified from any of the three sources are listed in Table 4, along with a summary of evidence from each source. With respect to the use of the IARC data to identify potential cancer sites in humans, the committee wishes to emphasize that the body of evidence regarding carcinogenicity of substances present in WTC dusts and smoke is not limited to those considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal studies and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding organ sites of carcinogenicity in humans. 


In addition to the organ sites identified in Table 4, the Committee also agreed to consider the inclusion of rare cancers and childhood cancers.   After further review and discussion of the strength of the evidence for including all cancers and the alternative of including specific cancer site groupings and sites, the committee makes the following recommendations  which will be based on discussonsit’s the March 28 meeting:


Option 1:  Recommend that all cancers be added to the list of WTC-related conditions


As noted above, one rationale for including all cancers is the incomplete and limited epidemiological data available to identify specific organ sites.  There is also some evidence from two of the three sources used by the STAC to identify potentially WTC-related organ sites.  One line of evidence is that for 2,3,7,8-tetrachlorobenzo-para-dioxin (TCDD), an IARC Group 1 carcinogen identified in air and surface samples taken around the WTC site, sufficient evidence for carcinogenicity in humans is based on excess in cancer of all sites combined, with limited evidence  for soft tissue sarcoma, non-Hodgkin lymphoma and cancer of the lung.  The primary mechanism of action of TCDD, which is binding and activation of the aryl hydrocarbon hydroxylase receptor (AhR), is consistent with the potential for TCDD exposure to enhance the carcinogenicity of chemical exposures at multiple sites by increasing rates of metabolic activation to epoxides and other DNA-reactive agents (http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-27.pdf).  The second line of evidence is that the FDNY firefighters study also found a statistically significant excess of cancers of all sites for WTC-exposed compared to unexposed firefighters.  As discussed in Section  2.c. of the supporting document, evidence for the intensity of WTC-related TCDD exposures is limited.  Elevated air levels of TCDD were measured in area air samples taken at the periphery of the WTC site, and concentrations of TCDD in window films taken from adjacent buildings were substantially higher than those more distant from the site.  On the other hand, the Edelman et al. study of blood samples from FDNY firefighters did not find elevated levels of dioxin-like compounds in highly WTC exposed firefighters compared to controls.  This is reasonably strong evidence against substantial dioxin exposures given the long (approximately 7-year) half-life of TCDD and the inclusion of highly exposed FDNY firefighters in the study.  The results of the study of cancer incidence among FDNY firefighters,  discussed in Section 4 of the supporting document,  are generally supportive of a small excess risk of cancers of all sites combined among exposed firefighters, although adjustment for surveillance bias substantially weakened the association. 

In addition to the evidence from the sources used by the committee to compile a list of WTC-related cancers, arguments in favor of listing all cancers include the presence of multiple exposures and mixtures with the potential to act synergistically and to produce unexpected health effects, the major gaps in the data with respect to the range and levels of carcinogens, the potential for heterogeneous exposures and hot spots representing exceptionally high or unique exposures both on the WTC site and in surrounding communities, the potential for bioaccumulation of some of the compounds, limitations of testing for carcinogenicity of many of the 287 agents and chemical groups cited in the first NIOSH Periodic Review, the large volume of toxic materials  present in the WTC towers, and lack of certainty in the evidence for targeting specific organs or organ site groupings as WTC-related. An additional concern is that much of the data used to identify sites of carcinogenicity in humans is from occupational studies of highly exposed industrial populations, which generally did not include women.  Thus, the availability of epidemiologic data on environmental causes of female breast cancer and cancers of the female reproductive organs is limited.    


[There are several concerns about the option of listing all cancers as WTC-related conditions.  The objective of the committee is to provide advice that is scientifically credible and evidence-based as well as in the best interest of affected populations from a medical and public health perspective.  While it may appear that listing all cancers as potentially WTC-related is in the best interest of affected populations, in practice, it may not be. One concern is that if our conclusions are not well supported and credible in the scientific community, they may be rejected by the Administrator and diminish the impact of the STAC’s recommendations in the future.  In addition, there is a potential for genuine harm to the WTC health programs and the populations they serve if the definition of potentially WTC-realted cancers is overly broad.   Since cancer is a very common disease, it can be predicted that a large number of people with cancer would apply for coverage by the WTC Health Program, and quite likely the vast majority of those who have cancers with no or little evidence of association with WTC-exposure would be denied.   Medical resources required to conduct these evaluations would be substantial, and even if increased resources are made available, will likely divert program resources and reduce quality of care to those with well-documented WTC-related diseases.  In addition, for cancers with weak or no evidence for association with WTC exposure, it will be difficult to develop criteria that health care providers can reliably apply to certify that a cancer is WTC-related.  This could result in inconsistency in decisions made by individual health care providers, and undermine confidence in the fairness and objectivity of the certification process.  At an individual level, if all cancers are listed as WTC-related, a large number of cancer patients who would request certifcation that their condition is WTC-related would likely be denied.  This could cause additional stress to individuals already experiencing emotional distress, anxiety and discomfort related to their cancer diagnosis and treatment.]  

Option 2:  Recommend that selected cancers and cancer site groupings with the strongest evidence be added to the list of WTC-related conditions (each to be discussed and voted on individually):


The committee recommends listing of the following site grouping and sites (each to be discussed and voted on separately) be listed as WTC-related conditions based on the strength of the evidence summarized in Table 4: 

· The committee recommends that malignant neoplasms of the respiratory system (including nose, nasal cavity and middle ear (ICD-O-3 site codes C300-C301, C310-319), larynx C320-C329), lung and bronchus (CC340-C349), pleura (C384), trachea, mediastinum and other respiratory organs (C339, C381-C383, C388, C390, C398, C399)) be listed as WTC-related conditions.  These cancers are associated with exposure to many carcinogenic agents of concern at the WTC, including arsenic, asbestos, beryllium, cadmium, chromium, nickel, silica dust and soot.  The respiratory tract is also an the major site for acute and chronic toxicity resulting from WTC-exposures, including chronic nasopharyngitis, upper airway hyperreactivity, chronic laryngitis, interstitial lung disease, chronic respiratory disorder – fumes/vapors, reactive airways disease syndrome (RADS) and chronic cough syndrome.  Although the Zeig-Owens study did not find evidence for an increased risk of lung or other respiratory cancers among FDNY firefighters, both internal and external comparisons may have been affected by greater declines in smoking among WTC-exposed firefighters (due in part to their respiratory symptoms) than unexposed firefighters or the general public. Commendably, in 2002 a joint labor-management initiative offered a comprehensive voluntary smoking cessation program free of charge to FDNY smokers and family members Bars, Banauch et al. 2006


( ADDIN EN.CITE )
.  Smoking cessation reduces lung cancer rates within 5-10 years after quitting.  Thus, any increased risk of lung cancer associated with WTC exposures may have been obscured by lower rates of smoking-related lung cancer. 


· The committee recommends that certain cancers of the digestive system, including esophagus,(C150-C159), stomach (CC160-C169), colon and rectum (C180-189, C260, C199, C209), liver and intrahepatic bile duct (C220-CC221), retroperitoneum, peritoneum, omentum and mesentery (C481-C282) be listed as WTC-related conditions.   Esophageal cancer is associated with tetrachloroethylene, stomach cancer is associated with asbestos and inorganic lead compounds and colorectal cancer is associated with asbestos (Table 3).  Cancer of the liver has been associated with vinyl chloride, arsenic and inorganic arsenic compounds, polychlorinated biphenyls, and trichloroethylene (Table 3).  Gastrointestinal reflux disease (GERD) is associated with cancer of the esophagus, especially if it progresses to Barrett esophagus.  Since cancer of the distal esophagus. gastroesophageal junction and gastric cardia share common risk factors, Table 3 shows GERD as a WTC-related condition for stomach as well as esophageal cancer.   The Zeig-Owens study found evidence of an increased risk of stomach (including gastro-esophageal junction) and colorectal cancer among FDNY firefighters.   

· The committee recommends that cancers of the oral cavity and pharynx, including lip (C000-C009), tongue (C019-C029), salivary gland (C079-C089), floor of mouth (C040-C049), gum and other mouth (C030-C039, C050-C059, C060-C069), nasopharynx (CC110-C119), tonsil (C090-C099), oropharynx (C100-C109), hypopharynx (C129, C130-139) and other oral cavity and pharynx (C140-C179) be listed as WTC-related conditions.  IARC has found limited evidence that asbestos causes pharyngeal cancer in humans and sufficient evidence that formaldehyde causes cancer of the nasopharynx.  The lip, oral cavity and pharynx are areas with high potential for direct exposure to toxic materials through hand-to-mouth contact. 

· The committee recommends that soft tissue sarcomas (C380, C470-C479, C490-C499) be listed as WTC-related conditions.  IARC has found limited evidence for increased risk of soft tissue sarcoma associated with exposure to polychorophenols and their sodium salts  and 2,3,7,8-TCDD.  Soft tissue sarcoma rates rates are very low in the general population (age-adjusted incidence rate approximately 3 per 100,000) and therefore excesses are difficult to detect in epidemiologic studies.     


· The committee recommends that melanoma (C440-449) and non-melanoma skin cancers, including scrotal cancer, be listed as WTC-related conditions. According to IARC, skin cancer is associated with exposure to arsenic and inorganic arsenic compounds and soot (Table 3).  The Zeig-Owens study found a statistically significant increase in melanoma among exposed firefighters compared to the general population; the Standardized Incidence Ratio (SIR) was slightly larger but not significant when compared to non-exposed firefighters.  No adjustment for surveillance bias was reported for malignant melanoma although early detection through medical surveillance is likely.


· The committee recommends that mesothelioma of the pleura and peritoneum (ICD-O-3 histology 9050-9055) be listed as WTC-related conditions.  Asbestos exposure is the only known cause of mesothelioma, and mesotheliomas have been documented in association with very low levels of community or household contact with asbestos. Mesothelioma rates are very low in the general population (age-adjusted incidence rate approximately 1 per 100,000) and therefore excesses are difficult to detect in epidemiologic studies.     


· The committee recommends that cancer of the ovary (C569) be listed as a WTC-related condition.  IARC has found sufficient evidence that asbestos exposure causes ovarian cancer.  The incidence of ovarian cancer is relatively low (age-adjusted incidence rate approximately 6 per 100,000 women) and therefore difficult to detect in epidemiologic studies.     


· The committee recommends that prostate cancer be listed as a WTC-related condition.  IARC has found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes prostate cancer.  Although arsenic and cadmium were present in dust samples from the WTC area, concentrations of these metals were relatively low compared to other metals such as lead and zinc Plumlee, Hageman et al. 2005()
  The Zeig-Owens study found a significantly elevated SIR of 1.49 for exposed firefighters compared to the general population, but risk was also significantly elevated for non-exposed firefighters (SIR=1.35).  The SIR for exposed compared to non-exposed firefighters was 1.11 and nonsignificant.  Correction for surveillance bias for exposed firefighters reduced the SIR to 1.11 (non-significant).  The elevated SIR observed for non-exposed firefighters is consistent with a recent meta-analysis of 32 epidemiologic studies of firefighters which found a statistically significant summary risk of 1.28 for prostate cancer LeMasters, Genaidy et al. 2006()
.  Prostate cancer is also recognized to be more likely than other cancers to be over diagnosed, a term used to mean that a cancer is diagnosed and treated that would not otherwise go on to cause symptoms or death Welch and Black 2010
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, and a 2-year lag period may not be sufficient to fully account for surveillance bias. 

· The committee recommends that cancers of the urinary tract, including urinary bladder (C670-670), kidney and renal pelvis (C649, C659), ureter (CC669), and other urinary organs (C680-C689) be listed as WTC-related conditions.  IARC found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes kidney cancer, sufficient evidence that arsenic and inorganic arsenic compounds” cause cancer of the urinary bladder, and limited evidence that diesel engine exhaust and soot cause cancer of the urinary bladder.  Transitional cell cancers of the renal pelvis, ureter and urinary bladder have been associated with a number of occupational and environmental exposures.   

· The committee recommends that cancer of the eye and orbit (C690-C699) be listed as a WTC-related  condition for individuals engaged in welding.  Welding is considered by IARC to have sufficient evidence for cancer of the eye.

·  The committee recommends that thyroid cancer be listed as a WTC-related  condition. Thyroid cancer has not been associated with any of the agents known to be present at the WTC and the primary evidence for an excess risk comes from the Zeig-Owens study.   In that study, 17 thyroid cancers were observed and 6 expected based on national rates, yielding a statistically significant SIR of 3.07.  The SIR was 5.21 and statistically significant compared with unexposed firefighters, and was 2.17 and significant after a two year lag was applied.   The magnitude of the SIR for thyroid cancer was relatively large, although the significance of this finding is tempered by the possibility that a 2 year lag would not fully account for medical surveillance bias.   

· The committee recommends that lymphoma, leukemia and myeloma (see Appendix 1 for ICDO-3 site and histology codes) be listed as WTC-related conditions. All lymphatic and hematopoietic cancers (LHC’s) are combined in this document because of variation in how these cancers have been classified and grouped in epidemiologic studies, inaccuracy of death certificate diagnosis for these cancers and changes in clinical nomenclature over time.  Various LHC’s have been associated in humans with exposure to benzene, 1,3-butadiene, formaldehyde, polychlorophenols or their sodium salts (combined exposures), styrene and 2,3,7,8-tetrachlorodibenzo-para-dioxin (Table 3).  In addition, the Zeig-Owens study found a statistically significant increase in non-Hodgkin lymphoma which was only modestly attenuated when adjusted for surveillance bias.  Case-series reports have noted that a potential excess of multiple myeloma among WTC responders Moline, Herbert et al. 2009
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.  LHC’s are associated with a variety of carcinogenic exposures; elevated rates of some LHC’s have been observed in atomic bomb survivors as well as cancer patients treated with radiation and some forms of chemotherapy.  The average latency for LHC’s after radiation or chemical exposure is generally shorter (< 10 years) than for solid tumors (> 20 years). Many leukemogens, including benzene, radiation and chemotherapy agents are associated with bone marrow toxicity at high doses.   Some LHC’s are associated with immunosuppression (such as AID’s related lymphomas) while others appear to be related to immune stimulation, including inflammation Purdue, Lan et al. 2011()
. It is increasingly recognized that many LHC’s have pre-clinical phases, and the STAC recommends that the pre-malignant and myelodysplastic diseases be included as WTC-related conditions as well. 

The committee recommends that childhood cancers (all cancers diagnosed in persons less than 19 years old) be listed as WTC-related conditions.  The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.National Research 1993()
 Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.Thurlbeck 1982


( ADDIN EN.CITE ; Trasande and Thurston 2005)
  

· The committee recommends that rare cancers be listed as WTC-related conditions.


The Committee recognizes that additional epidemiologic studies will soon become available and recommends that as their results  become available, their findings be reviewed and modifications made to the list as appropriate.  


The Committee also recommends that, in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  


We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.
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1.  Evidence regarding carcinogenic exposures:


The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-Landrigan, Lioy et al. 2004
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volatile organic compounds and other products of high-temperature combustion from burning jet fuel, heating oil, transformer oil and gasoline 
 ADDIN EN.CITE 
(Lioy and Georgopoulos 2006; Lioy, Pellizzari et al. 2006)
. Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement and other construction materials, and contained numerous particles, fibers and glass shards, resulting in acute eye, nose and throat irritation, leading rapidly to what came to be known as WTC cough. Smoke from fires that persisted into December 2011 contained polycyclic aromatic hydrocarbons, metals, organic chemicals and many other potential carcinogens. Heavy equipment and trucks contributed diesel emissions, and there was repeated resuspension of sediment and dust during the subsequent 10 month demolition and cleanup process.  Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in rescue, recovery, clean-up and restoration workers provides evidence for significant exposure levels and toxicity Aldrich, Gustave et al. 2010
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 Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation 
 ADDIN EN.CITE 

(Brackbill, Hadler et al. 2009)
.


Members of the STAC and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in intensity and variety in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack and the presence of multiple and complex exposures. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about the potential increased risks of developing some cancers based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  


Based on these reports, the committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services include the time and date of arrival at the WTC site and other areas where WTC materials were transported or stored, total days and hours worked, specific jobs performed, breathing rates, work locations, particularly work in areas of smoldering fires, and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without adequate respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longer exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Numerous animal studies provide evidence that brief exposures to carcinogens can cause cancer.  Evaluation of the Single-Exposure Carcinogen Database containing 5576 studies involving 800 chemicals from 2000 articles showed that in 4271 of the studies, a single dose of an agent administered by multiple routes of exposure caused tumors to develop in males and females of many different animal models.  In addition to PAHs, many of the tested chemicals are environmentally relevant and are on various pollutant lists, including the IARC and NTP lists.  In support of the relevance of the single-exposure carcinogen concept to human cancer, the authors identified published occupational studies on benzene, beryllium, aromatic amines of benzidine, and arsenic in which exposures for less than a year were implicated as the causal factor in the development of cancer Calabrese and Blain 1999
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.  In addition, studies of second or higher order tumors among cancer survivors have shown that both radiation therapy and some forms of chemotherapy increase risk for subsequent cancers, often with shorter latency periods than observed for lower dose, longer duration occupational and environmental exposures  Ng and Travis 2008()
   Recent in vivo and in vitro studies using biomarkers of gene expression are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.


Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Many NYC government offices are housed in buildings below Canal Street and many workers were required to return before any decontamination or cleaning took place and without personal protective equipment.  Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential, office and school building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children  in contaminated homes, daycare settings and schools  have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 


In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s).   In addition, we considered some contaminants present in lower quantities due to potential toxicity and/or biological persistence (polychlorinated biphenyls, dioxins and furans).

a. Asbestos


As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µg/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures Lioy, Georgopoulos et al. 2006()
. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µm and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that fibers < 5 µm in length also predominate in occupational settings 
 ADDIN EN.CITE 
(Stayner, Kuempel et al. 2008)
and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  Selection of the PCM sampling method that did not count fibers < 5  um in length was historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones but this has not been addressed extensively in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and short-term exposures to high airborne concentrations have  been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years Iwatsubo, Pairon et al. 1998


( ADDIN EN.CITE ; Rodelsperger, Jockel et al. 2001)
. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µm in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 


b. Polycyclic Aromatic Hydrocarbons


As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin or lavaged into the lungs of experimental animals. PAHs are produced by combustion of wood, coal and any other carbonaceous material.  PAH are important causes of occupational lung cancer among tobacco smokers, coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in occupational and environmental settings in combination as complex mixtures and it is therefore not possible to isolate the effect of a single compound in epidemiologic studies. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). In addition, the PAH-containing mixture,  coal tar pitch volatiles, is listed as an A1 carcinogen by ACGIH ACGIH 2011()
.   PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs excreted  in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours) 
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(Li, Romanoff et al. 2010)
. Sources of PAH’s at the WTC included the burning of about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters of fuel oil and approximately the same amount of gasoline plus any and all burning items. Heavy machinery and power tool brought to the site added to particulate and PAH exposures.

Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001.  While, it was reported that PAH levels from the fires after 9/11 were among the highest ever reported from an outdoor sources (Pliel et al, 2004), the levels were lower than occupational exposure limits and appeared to make the case that there was not an excessive exposure.    Unfortunately, the samples were stationary area samples designed not to estimate exposures of workers on the pile, but the levels at or near ground level at the periphery to capture what might be leaving the site. It is documented that when area samples are not designed to capture the worst exposure case, they can under estimate personal worker exposure by from 3 to 40-fold
 ADDIN EN.CITE 

(Astrakianakis, Seixas et al. 2006; Mehta, Wang et al. 2008)
. ].  The vertical velocity of the smoke from the fires at the site would be the major reason that samples anywhere from 4-6 blocks from the pile itself would be lower than the personal exposures of the workers on the pile.  As the authors state in their paper, “…workers engaged in the cleanup efforts could have been exposed to much higher levels of PAHs than those in our samples and, thus, could bear higher cancer risks.  Indeed, another set of samples taken 13 blocks from the pile were approximately 50% lower than the average of the 3 sites at the fence line.  Pliel et al also did not report whether there were any consistent differences in PAH levels between the 3 fence line sites  which would have occurred if there were spatial differences consistent with wind patterns or absolute distance from the pile.  


The analysis of PAH levels by Pliel et al (2004)  in PM2.5 was also retrospective and opportunistic.  Analysis was limited completely to PAH remaining in the particulate phase captured on filters and not intended specifically for PAH analysis.   Thus, any PAH in the vapor phase would not have been included in the analysis.  Burstyn et al (2002) reported that the PAH in the vapor and particulate phases contributed equally to total PAH exposure in other workers.  


Pliel et al used non-linear regression to estimate the levels of PAH exposure on September 11, 2001 from the sampling data tha was collected beginning September 16, 2001. They estimate that maximal exposure would have been 35 ng.m3 .  Butt et al 2004 measured the PAH levels in window films from buildings that varied in distances and orientation from the ground zero pile.  They reported that upwind sites greater than 2 km from the pile had levels of 6000 ng.m2 .  This could be considered background.  In contrast , those sites that were within 1km averaged 77,100ng/m2, and those within 1 km and downwind from the site averaged 130,000 ng/m2.  While these data cannot be used for exposure estimates they do give an indication of the variation due to proximity and whether or not an window was in the overall plume.  


Thus, it would appear that the PAH exposure estimates taken from the area samples probably underestimated the exposure of worker s on the pile.  The magnitude of the underestimation is impossible to estimate but indications are that it could be an order of magnitude or greater.  


When done appropriately biological monitoring can be a very useful in estimating exposure.  Biomonitoring integrates exposure by all routes, including the use or misuse of personal protective equipment.  Biomonitoring can also be used to reconstruct exposures provided the half life of the biomarker and the time since the last exposure is documented.  The half life for the most widely used PAH biomarker , 1-hydroxypyrene (1HP) is effectively ~ 24 hours for persons without chronic exposure (Godschalk, Ostertag et al. 1998(; ACGIH 2011)
. This means that 1HP largely represents the exposure of only the last 24 hours.   Biological samples for PAH were also taken for exposure analysis (Edelman et al, 2003).  Unfortunately these samples were obtained for 365 firefighters 22-24 days after 9/11/01.  Assuming that the shape of the exposure curve estimated by Pliel et al (2003)are correct  (however, as discussed above, the absolute values are likely underestimated for workers on the pile), then the 1HP levels measured are estimates of exposures  that were much, much lower than the peaks that occurred 9/11-9/14.  Nonetheless, the 1HP levels remained significantly increased over what was seen in firefighters who were not at the WTC site.  Since more that 99.99% of the 1HP resulting from exposures immediately after 9/11 would have been eliminated well before the samples were collected, the Edelman data cannot be used to estimate exposure for that time.  Rather they will reflect the exposure during the previous 24 hour period.  The other shortcoming of the Edelman paper was that there was no indication of when the samples were taken relative to the person’s last exposure.  In addition, there is no indication of the distribution of the data within the groups and only the mean data are given without an idea of the variance.  The important questions, namely, were there some individuals with higher exposure in the previous 24 hours and what tasks did they perform, cannot be addressed either since this information is not provided.


There are also concerns that PAH may have been adsorbed unto  particulates and form large masses in the lung from which the PAH would only be slowly absorbed into the bodyGerde, Medinsky et al. 1991()
.  Unfortunately the data provided by Edelman et al cannot be used to determine if this possibility was in fact real since only one sample was collected from each worker.  


c. Polychlorinated biphenyls, dioxins, furans


Polychlorinated biphenyls (PCBs) were present in the transformer oil in the electrical power substation that was located in the World Trade Center.  A large number of chemically different “congeners” which contain different amounts of chlorine substituted at different places in the biphenyl rings are treated as the same material their toxicity is not dissimilar (there is a difference in toxicity in those that are 42% chlorine by weight as opposed to those that are 54%).  Lorber, Gibb et al. 2007


( ADDIN EN.CITE )
 2007 noted that of the 100s of samples obtained for PCBs only 1 sample was above 100 ng/m3 and only 3 were greater than 50 ng/m3.  Air levels were said to be reduced fairly quickly to “normal” ambient urban levels of 1-8 ng/m3.  This might be expected since PCBs have an extremely low vapor pressure.   Once absorbed, PCBs have a fairly long half life in the body so biological monitoring should capture the exposure.  Edelman et al sampled for 31 PCB congeners 21 days after 9/11 and found  that there was not a statistically significant difference between any of the mean values of firefighters on or who never entered the GZ site.  On the other hand, Dalgren 2007 saw that certain PCB levels were markedly elevated in the sera of 7 first responders compared to general population norms .    For example, all 7 were above the median value of the CDC NHANES study, 3 were above the 75th percentile, 2 above the 90th and one above the 95thpercentile.   For several measured congeners the 2 highest firefighters had levels above the NHANES detection limit, where 95% of the unexposed population was below it.  These data indicate that PCB levels in the sera of at least some  first responders were elevated relative to the general population.  ioxin-like compounds  were present at elevated levels in the air immediately after 9/11/01.  These compounds are formed when chlorinated plastics like PVC are burned under certain conditions of temperature, oxygen and pressure.  The levels of dioxin and dioxin like compounds (furans and various congeners) were markedly elevated in initial area samples taken at the periphery of the WTC site (Ground Zero, GZ).  (Please see the discussion of PAH for the limitations of these samples to estimate exposure for those at GZ itself.)  At least 6 samples taken in late September or  early October yielded levels of total TCDD equivalents greater than 100 pg TEQ/m3, with the highest levels measured being 170 pg TEQ/m3 .  These were the highest ambient levels ever recorded.  (Lorber et al,  2007).  In comparison, typical urban ambient measurements or apporoximately 0.1 pgTEQ/ m3 and levels  reported downwind from incinerators are on the order 1-5 pgTEQ/ m3.  This would indicate substantial exposure to dioxin-like compounds.  The USEPA did not find elevated levels of TCDD in house dusts. However, analyses of window films obtained from buildings at various distances from the WTC found that concentrations of 2,3,7,8-TCDD were 400 times higher In a sample from Church and Warren Street than samples taken at New York University and in Brooklyn Rayne, Ikonomou et al. 2005


( ADDIN EN.CITE )
.    


Dioxins have relatively long half lives in the human body; for TCDD half life is estimated to be 7 years(MMWR, 1988).  Edelman et al, 2004 measured 15 dioxin like compounds in the sera of ~350 firefighters .  Only one congener was higher in the exposed firefighters compared to those who did not enter the site.  The mean values were 27.8 ppt for all on site firefighters, 30.1 ppt for those present at the collapse, 26.2 ppt for those arriving after the collapse (day 1 and 2) and 30.6 ppt for those in Special Operations Command.  Firefighters not at the site had and average level of 19.2 ppt.  There was no increase in TCDD levels compared to controls (please see PAH discussion for the limitations of the data presented in Edelman et al, 2004).  In contrast, the average levels reported for ~1,250 Ranch Hands  10 years after Vietman was 49 ppt and ranged to 313 ppt.   This work reported that 20 ppt was the highest level generally seen in the general population.  Again, no significant increase in TCDD levels were reported by Edelman, et al 2004.   


d. Particulates are non-fibrous and fibrous inorganic particles:  The non-fibrous are silica, coal mine dust, and a variety of metallic and non-metallic crustal silicates.  Although silica has been associated with lung cancer, this risk occurs in individuals with concomitant scarring and inflammation.  The fibrous particles include the commercial types of asbestos which are all known to be carcinogens (chrysotile, amosite, crocidlite, anthophyllite).  These are all hydrated magnesium silicates, and the main non-asbestos fiber that is a known carcinogen is the fibrous zeolite erionite.  Erionite is a fibrous aluminum silicate.  Other fibers may contaminate commercial products and be a cause of cancer including tremolite, and possibly other fibers in vermiculite.  Man-made vitreous fibers, rock wool, fibrous glass, glass shards, and other fiber-like fragments either do not have any association with cancer or very limited data.  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.  Diesel exhaust has been implicated as a cause of lung cancer in large mortality studies of railroad workers and recently in non-metallic underground miners.  This latter cohort of more than 10,000 miners exposed to high diesel exhaust concentrations without confounding by radon had more than a 25% increase in lung cancer mortality.  A subsequent case-control study corroborated this increase and differentiated the risk from cigarette smoking.  Bronchoalveolar lavage studies of asbestos workers and one FDNY worker have shown chrysotile and amosite asbestos fibers in the BAL cells.  These have ranged from 30 to 300 or more per million alveolar macrophages.  In the one FDNY individual studied, an uncoated asbestos fiber was observed, a metallic fiber of chromium, fly ash particles, and degraded fibrous glass were observed two weeks post-9/11.   


 e.  Carcinogenic metals 


As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 


WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 


Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 


As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)


f.  Volatile organic compounds (VOCs)


As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.


Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 


Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 


Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.


As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 


2.  Mechanisms of carcinogenesis and role of inflammation


a. Overview of Carcinogenesis


As presented by Committee member Dr. Elizabeth Ward and elaborated on by Dr. Julia Quint, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 


b. Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data


Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 


Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).


c. Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation


Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 


 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  


Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 


Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).


d. WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes


A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].


Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  


Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 


3. Evidence regarding cancer from completed incidence studies


One study has been published regarding cancer outcomes among 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of them were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   


Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years, based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were calculated for the exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population, SIR Ratios were calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early  diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  in the FDNY medical surveillance program.  


Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data and insufficient variability in exposure to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  


263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  

After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters. Arguing against a more severe surveillance bias is that cancer staging did not demonstrate an earlier stage of diagnosis in the exposed as compared to the unexposed.

For each individual type of cancer, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance. Regarding prostate cancer, consistent with prior studies (LeMasters et al, JOEM 48:1189-1202, 2006), even the unexposed firefighters had slightly and statistically significantly higher incidence than predicted, with SIR 1.35.  The WTC-exposed FDNY group did not show an increased risk over unexposed, with estimated SIR ratio 0.90 (after correction for possible surveillance bias).  Therefore, despite the statistically significant SIR for prostate cancer in WTC-exposed compared to the general population, the Zeig-Owens study does not provide evidence for an increased risk of prostate cancer associated with WTC exposures.

Data from this study for cancer sites with some evidence of increased risk are shown in Table 4. 


Views on the committee are mixed regarding the  interpretation of the elevated all-cancer SIR in the Zeig-Owens study.  Some believe that  these results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters, and c that the detection of this risk  with only a little over seven years of post-9/11 data,  the ultimate magnitude of the increased risk is likely to be higher than 32%.  Others believe that the increased cancer risk may reflect in part increased risks of cancer resulting from pre-9/11 occupational exposures to carcinogens, consistent with increased risks of several cancers found among firefighters in a recent meta-analysis (LeMasters et al .  JOEM 2006).  There is also concern that correction for surveillance bias by introducing a two-year lag period is inadequate, and that surveillance bias was not corrected for in melanoma, a site that is subject to early detection by medical surveillance.  

Additional post-WTC cancer incidence results are expected to come from the non-FDNY WTC Responder Consortium, the WTC registry cohorts and from the FDNY EMS cohort in the near future.  The STAC has not had access to and therefore has not based current recommendations on those studies. Given the paucity of epidemiological studies to date, additional studies can be expected to inform the body of knowledge on the issue of WTC and cancer risk, though the limitations of surveillance bias, sample size, selection bias, limited follow-up and others may persist. However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small
.


4.  Inclusion of rare cancers   That rare cancers are difficult to study has been readily acknowledged and has drawn recent attention from the National Cancer Institute and cancer registries (Greenlee, Public Health Reports, 2010; NCI Workshop- see Greenlee reference #2). Cancers that are rare by site (e.g., liver angiosarcoma) (Creech and Johnson) or age (eg – lung cancer in men in the early 30’s) (BCME report in NEJM
) have served as sentinel events in occupational settings. Unusual cancers that occur among WTC responders and survivors may be difficult to link to WTC exposures, because the populations at risk, though sizable, are limited and therefore may undermine the capacity of epidemiologic methods to provide statistically stable estimates of relative risk. Animal studies of rare cancers are also of limited use, because cancer sites in humans and animals exposed to the same agents frequently don’t match. Since customary study methods are unlikely to clarify whether rare cancers among WTC-exposed populations –unless they occur in sizable clusters – are likely to be related to WTC exposures and additionally, given the sizable number of carcinogens (and related cancer sites) present in WTC smoke and dust, it is reasonable to include rare cancers among the list of cancers that WTC exposures may be expected to cause.


Defining a rate that delineates rare cancers from less rare cancers is difficult. An NCI workshop on this topic held in 2007 used an incidence of 150 cases per 1 million per year as a cut point (See Greenlee reference #2). This definition has the consequence that 25% of all adult cancers in the US would be classified as rare (Greenlee 2010). Additional definitions – 10 cases per million per year and 1 case per million per year – have also been examined (Greenlee 2010).


For the purposes of potential WTC exposure-related cancers, a sensible approach would be to use the size of the at-risk populations under study and the associated estimates of person-years with accepted levels of relative risk (e.g., two-fold increase) and error (e.g.,  alpha =.05, beta = 0.20) in order to determine the underlying site-specific cancer incidence that might be capable of study. All site-specific incidence rates below that specified incidence would then be considered rare. Gender and age could be factored into these determinations.  Although this incidence estimate could be made at present based on the FDNY cancer study, results of the forthcoming cancer studies, the WTC Responder study and the NYC DOHMH WTC Health Registry study, will increase the estimates of person-years and improve the determination of a threshold incidence to define a rare cancer.


We emphasize that this is one possible approach to defining rare cancers that has the advantage of using WTC population-specific data, but that there are additional approaches to defining rare cancers for the purposes of determining a policy decision about WTC-related cancers.


5.  Inclusion of childhood cancers:  The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.National Research 1993()
 Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.Thurlbeck 1982


( ADDIN EN.CITE ; Trasande and Thurston 2005)
  Their developing organ systems are also more vulnerable to and less well able to detoxify or eliminate many chemicals.Ginsberg, Hattis et al. 2004


( ADDIN EN.CITE ; Grandjean and Landrigan 2007)
 Together, these aspects of early life development increase the likelihood of lifelong organ system impairment following exposure to environmental chemicals.Rice and Barone Jr 2000()
 Children also have greater years of life in which chronic conditions can occur as a result of early life exposures.Bearer 1995()
 The chemicals associated with childhood cancer include pesticides, benzene and 1,3-butadiene.


Children who attended schools and lived near the World Trade Center site experienced exposures in the range of responder populations in which increases in cancers have been documented.  Given the baseline relative infrequency in which cancer occurs in children, and the limited statistical power of even a study of all 14,000 children who lived south of 14th Street on September 11, 2001, no negative study will eliminate the possibility of causation.  Indeed, this is an area of need for research, yet such research should not preclude a measure of caution taken in including coverage for all cancers incident before age 21 insofar as a health care provider confirms substantial likelihood of association with World Trade Center exposures. 


I. Summary of Cancer Classifications for COPC and Select Other Agents 


IARC Group 1—Carcinogenic to Humans


This category is used when there is sufficient evidence of carcinogenicity in humans. Exceptionally, an agent may be placed in this category when evidence of carcinogenicity in humans is less than sufficient but there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity.


		Agent

		Category

		Exposure Information



		

		IARC

		NTP

		



		Arsenic

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Arsenic.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol84/mono84-6E.pdf



		Asbestos

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Asbestos.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-20.pdf



		Benzene

		1

		A

		



		NTP hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-24.pdf



		IARC hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Benzene.pdf



		Benzo[a]pyrene (PAHs)

		1

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Beryllium

		1

		A

		



		NTP hyperlink:

		 http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Beryllium.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol58/mono58-6.pdf





		1,3-Butadiene

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Butadiene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol97/mono97.pdf



		Cadmium and compounds

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Cadmium.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol58/mono58-7E.pdf



		Chromium VI

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/ChromiumHexavalentCompounds.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-6.pdf



		Formaldehyde

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Formaldehyde.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol88/mono88-6.pdf



		Nickel compounds

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nickel.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-7.pdf



		Quartz

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Silica.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol68/mono68-6.pdf



		Soot


		1

		B

		



		NTP hyperlink

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Soots.pdf



		IARC hyperlink

		http://monographs.iarc.fr/ENG/Monographs/vol35/volume35.pdf



		Sulfuric Acid

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/StrongInorganicAcidMists.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol54/mono54-6.pdf



		Vinyl chloride

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/VinylHalides.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol97/mono97-8.pdf





IARC Group 2A—Probably Carcinogenic to Humans

This category is used when there is limited evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent may be classified in this category when there is inadequate evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals and strong evidence that the carcinogenesis is mediated by a mechanism that also operates in humans. Exceptionally, an agent may be classified in this category solely on the basis of limited evidence of carcinogenicity in humans. An agent may be assigned to this category if it clearly belongs, based on mechanistic considerations, to a class of agents for which one of more members have been classified in Group 1 or in Group 2A.


		Agent

		Category 

		Exposure Information



		

		IARC

		NTP


		



		Benzyl Chloride

		2A

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-19.pdf



		Biomass fuel 


(primarily wood, indoor emissions from household combustion)

		2A

		NL

		



		NTP hyperlink

		Not applicable



		IARC hyperlink

		http://monographs.iarc.fr/ENG/Monographs/vol95/mono95-6A.pdf



		Dibenz[a,h]anthracene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Engine Exhaust, diesel

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/DieselExhaustParticulates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol46/volume46.pdf



		Ethylene Dibromide

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dibromoethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-28.pdf



		Lead (inorganic)

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Lead.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol87/index.php



		Nitrate ion (ingested)

		2A

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol94/mono94-6F.pdf



		Polychlorinated Biphenyls

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolychlorinatedBiphenyls.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/suppl7.pdf



		Tetrachloroethylene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Tetrachloroethylene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/volume63.pdf



		Trichloroethylene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Trichloroethylene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/mono63-6.pdf





IARC Group 2B—Possibly Carcinogenic to Humans

This category is used for agents for which there is limited evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals. It may also be used when there is inadequate evidence of carcinogenicity in experimental animals. In some instances, an agent for which there is inadequate evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals, together with supporting evidence from mechanistic and other relevant data, may be placed in this group. An agent may be classified in this category solely on the basis of strong evidence from mechanistic and other relevant data.


		Agent

		Category 

		Exposure Information



		

		IARC

		NTP


		



		Acrylonitrile

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Acrylonitrile.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-7.pdf



		Antimony trioxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol47/volume47.pdf



		Benzene Hexachloride 


(syn: lindane)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Lindane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-88.pdf 



		Benz[a]anthracene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Benzo[b]fluoranthene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Benzo[k]fluoranthene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Bromodichloromethane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Bromodichloromethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-73.pdf



		Carbon tetrachloride

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/CarbonTetrachloride.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/volume71.pdf



		Cobalt sulfate and soluble cobalt

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/CobaltSulfate.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol86/mono86-6E.pdf 



		Chlordane

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-17.pdf



		4-Chloroaniline

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol57/mono57-21.pdf



		Chloroform

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Chloroform.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-10.pdf



		Chrysene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		DDT

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorodiphenyltrichloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		1,4-Dichlorobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-13.pdf



		3,3'-Dichlorobenzidine

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorobenzidine.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol99/mono99-10.pdf



		p,p'-Dichlorodiphenyl-dichloroethane  (TDE)

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		p,p'-Dichlorodiphenyl-dichloroethylene (DDE)

		2B

		NL

		



		NTP hyperlink:

		



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		1,2-Dichloroethane


 (syn: Ethylene dichloride)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-21.pdf



		2,4-Dinitrotoluene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/mono65-9.pdf 



		2,6-Dinitrotoluene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/volume65.pdf





		1,4-Dioxane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dioxane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-25.pdf



		Ethylbenzene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol77/mono77-10.pdf



		Heptachlor

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-17.pdf



		Hexachlorobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Hexachlorobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-18.pdf



		Hexachloroethane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Hexachloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-15.pdf



		Indeno[1,2,3-cd]pyrene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf



		Methylene chloride 


(syn: dichloromethane)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichloromethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf



		Mirex

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Mirex.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol20/volume20.pdf



		Naphthalene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Naphthalene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol82/mono82-8.pdf



		Nickel metallic

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nickel.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-7.pdf



		Nitrobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nitrobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/mono65-11.pdf



		N-Nitroso-Di-n-propylamine

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nitrosamines.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol17/volume17.pdf



		Pentachlorophenol

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-34.pdf



		Styrene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Styrene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol82/mono82-9.pdf



		Titanium Dioxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol93/mono93-7F.pdf



		Toxaphene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Toxaphene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-19.pdf



		2,4-Toluenediisocyanate

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/TolueneDiisocyanates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-37.pdf



		2,6-toluene diisocyanate

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/TolueneDiisocyanates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-37.pdf



		2,4,6-Trichlorophenol

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Trichlorophenol.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-34.pdf



		Vanadium Pentoxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol86/mono86-10.pdf



		Vinyl acetate

		2B

		NL

		



		NTP hyperlink:

		



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/mono63-19.pdf





Table 2. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans 
 ADDIN EN.CITE 
(Cogliano, Baan et al. 2011)
.


		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic


   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung


Skin


Urinary bladder

		Kidney


Liver


Prostate



		Asbestos (all forms)

		Larynx


Lung


Mesothelioma


Ovary

		Colorectum


Pharynx


Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney


Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia


Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung


Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung


Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung


Non-Hodgkin lymphoma


Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		





Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence 
 ADDIN EN.CITE 

(Cogliano, Baan et al. 2011)


		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung


Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma


Soft-tissue sarcoma



		Tetrachloroethylene

		Cervix


Non-Hodgkin Lymphoma


Esophagus



		Trichloroethylene

		Liver and biliary tract


Non-Hodgkin Lymphoma





Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation


		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux





Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 


		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans 
 ADDIN EN.CITE 

(Cogliano, Baan et al. 2011)


		WTC-related Conditions

		FDNY Study


Cancers with Elevated Standardized


Incidence Ratios (SIR’s)
 ADDIN EN.CITE 
(Zeig-Owens, Webber et al. 2011)
. **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)




		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde




		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		GERD

		



		      Stomach

		Limited: Asbestos (all forms)


Limited: Lead compounds, inorganic




		GERD

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.82 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride


Limited: Arsenic and inorganic arsenic compounds


Limited: Polychlorinated biphenyls


Limited: Trichloroethylene



		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal


       sinus

		Sufficient: Nickel compounds


Limited: Chromium(VI) compounds


Limited: Formaldehyde

		Chronic nasopharyngitis


Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic


Sufficient: Asbestos (all forms)




		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds


Sufficient:  Asbestos (all forms)


Sufficient:  Beryllium and beryllium compounds


Sufficient:  Cadmium and cadmium compounds


Sufficient:  Chromium(VI) compounds


Sufficient:  Nickel compounds


Sufficient:  Silica dust, crystalline


Sufficient:  Soot


Limited:  Acid mists, strong inorganic


Limited:  Engine exhaust, diesel


Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin


Limited:  Welding fumes

		Interstitial lung disease


Chronic respiratory disorder – fumes/vapors


Reactive airways disease syndrome (RADS)


Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		

		

		

		



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds


Sufficient:  Soot




		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)




		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)


Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)




		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds


Limited: Cadmium and cadmium compounds


 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds


Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds


Limited: Engine exhaust, diesel

Limited: Soot




		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		Extensive foreign body washout required

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid




		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene


Sufficient:  1,3-Butadiene


Sufficient:  Formaldehyde


Limited: Polychlorophenols or their sodium salts (combined exposures)


Limited: Styrene


Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		Sarcoidosis

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		





*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.


.

Table 5.  WTC Human Carcinogens with established mechanistic events for tumor sites (or types) for which there is sufficient evidence in humans (adapted from IARC Monograph Working Group, 2009)


		WTC Human Carcinogen

		Tumor sites (or types) for which there is sufficient evidence in humans




		Other sites with


limited evidence 


in humans 

		Established mechanistic events



		Arsenic and Inorganic 


arsenic compounds




		Lung, skin, urinary bladder

		Kidney, liver, prostate

		Oxidative DNA damage, genomic instability, aneuploidy, gene amplication, epigenetic effects, DNA-repair inhibition leading to mutagenesis



		Asbestos (chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite)

		Lung, mesothelioma, larynx, ovary

		Colorectum, pharynx, stomach

		Impaired fiber clearance leading to macrophage activation, inflammation, generation of reactive oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic alteration, activation of signaling pathways, resistance to apoptosis 



		Beryllium and beryllium compounds

		Lung

		--

		Chromosome aberrations, aneuploidy, DNA damage



		Cadmium and Cadmium compounds

		Lung

		Prostate, kidney

		DNA-repair inhibition, disturbance of tumor-suppressor proteins leading to genomic stability



		Chromium (VI) compounds

		Lung

		Nasal cavity and paranasal sinuses

		Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, aneuploidy, cell transformation



		Nickel compounds

		Lung, nasal cavity, and paranasal sinuses

		--

		DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, alteration of DNA methylation, histone modification



		Silica dust, crystalline in the form of quartz or crystobalite

		Lung

		--

		Impaired particle clearance leading to macrophage activation and persistent inflammation
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BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.
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CONTEXT: After the World Trade Center (WTC) collapse, 15% (1,767) of rescue workers from the Fire Department of the City of New York (FDNY) considered themselves to be current cigarette smokers. Post-WTC collapse, 98% reported acute respiratory symptoms, and 81% reported health concerns. Nonetheless, 29% of current smokers increased tobacco use, and 23% of ex-smokers resumed cigarette smoking. OBJECTIVE: To determine the effect of a comprehensive tobacco-cessation program using combination tobacco-dependency treatment medications adjusted to the individual's daily tobacco use. DESIGN: FDNY cigarette smokers enrolled in "Tobacco Free With FDNY," a no-cost quit-smoking program providing counseling, support, and medications. At the end of the 3-month treatment phase and at the 6-month and 12-month follow-up visits, abstinence rates were confirmed by expired carbon monoxide levels or by the verification of a household member. SETTING: FDNY Bureau of Health Services between August 1, 2002 and October 30, 2002. PARTICIPANTS: A total of 220 current cigarette smokers from the FDNY. RESULTS: At study enrollment, the mean (+/- SD) tobacco use was 20 +/- 7 cigarettes per day, and the mean tobacco dependency, as assessed by a modified Fagerstrom test score, was 6.7 +/- 2.5 (maximum score, 10). Based on tobacco use, 20% of enrollees used three types of nicotine medications, 64% used two types, 14% used one type, and 3% used no medications. Additionally, 14% of enrollees used bupropion sustained release. The confirmed continuous abstinence rates were 47%, 36%, and 37%, respectively, after 3 months of treatment and at the 6-month and 12-month follow-up. Abstinence rates did not correlate with the history of tobacco use but correlated inversely with tobacco dependency. Adverse events and maximal nicotine medication use were unrelated, and no one experienced a serious adverse event. CONCLUSION: Tobacco dependency treatment using combination nicotine medications is effective and safe. Future studies should consider the following: (1) both history of tobacco use and withdrawal symptoms to determine the number and dose of nicotine medications; and (2) continuing combination treatment for > 3 months.
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CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.
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A relational retrieval database has been developed compiling toxicological studies that assess whether a single dose of a chemical or physical agent, without exogenous promotional stimuli, could cause tumor development in animal models. This database allows for an evaluation of these studies over numerous parameters important to tumor outcome, which include type and quality of the studies as well as physical/chemical properties of the agents. An assessment of the database, which currently contains approximately 5500 studies involving about 800 chemicals from 2000 articles, reveals that a single dose of an agent can cause tumors to develop in males and females of numerous animal models in all principal age groups. In addition, the range of the 426 agents causing a positive response is chemically diverse, with representatives from over several dozen chemical classes. The dose caused a tumor endpoint was generally not acutely life threatening and was frequently a low proportion of the LD50 (i.e., less than 1/50 LD50). Positive responses also were reported via multiple routes of exposure, mainly oral, by injection, or dermal. These findings indicate that the phenomenon of single-exposure carcinogenesis is widespread and highly generalizable across chemical class, route, dose range, species, age, and gender. Single-exposure carcinogenesis, a concept long de-emphasized by regulatory agencies, requires a careful and formal consideration, especially as it may pertain to accidental spills, leaks, fires, explosions, and exposure excursions, but not necessarily limited to these.
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Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.
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A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (CI) 0.8-1.9) for possible exposure and 3.6 (95% CI 2.4-5.3) for definite exposure. A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% CI 0.8-1.8) for the lowest exposure category to 8.7 (95% CI 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% CI 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.
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The attack on the World Trade Center (WTC) created an acute environmental disaster of enormous magnitude. This study characterizes the environmental exposures resulting from destruction of the WTC and assesses their effects on health. Methods include ambient air sampling; analyses of outdoor and indoor settled dust; high-altitude imaging and modeling of the atmospheric plume; inhalation studies of WTC dust in mice; and clinical examinations, community surveys, and prospective epidemiologic studies of exposed populations. WTC dust was found to consist predominantly (95%) of coarse particles and contained pulverized cement, glass fibers, asbestos, lead, polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and polychlorinated furans and dioxins. Airborne particulate levels were highest immediately after the attack and declined thereafter. Particulate levels decreased sharply with distance from the WTC. Dust pH was highly alkaline (pH 9.0-11.0). Mice exposed to WTC dust showed only moderate pulmonary inflammation but marked bronchial hyperreactivity. Evaluation of 10,116 firefighters showed exposure-related increases in cough and bronchial hyperreactivity. Evaluation of 183 cleanup workers showed new-onset cough (33%), wheeze (18%), and phlegm production (24%). Increased frequency of new-onset cough, wheeze, and shortness of breath were also observed in community residents. Follow-up of 182 pregnant women who were either inside or near the WTC on 11 September showed a 2-fold increase in small-for-gestational-age (SGA) infants. In summary, environmental exposures after the WTC disaster were associated with significant adverse effects on health. The high alkalinity of WTC dust produced bronchial hyperreactivity, persistent cough, and increased risk of asthma. Plausible causes of the observed increase in SGA infants include maternal exposures to PAH and particulates. Future risk of mesothelioma may be increased, particularly among workers and volunteers exposed occupationally to asbestos. Continuing follow-up of all exposed populations is required to document the long-term consequences of the disaster.
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OBJECTIVE: The objective of this study was to review 32 studies on firefighters and to quantitatively and qualitatively determine the cancer risk using a meta-analysis. METHODS: A comprehensive search of computerized databases and bibliographies from identified articles was performed. Three criteria used to assess the probable, possible, or unlikely risk for 21 cancers included pattern of meta-relative risks, study type, and heterogeneity testing. RESULTS: The findings indicated that firefighters had a probable cancer risk for multiple myeloma with a summary risk estimate (SRE) of 1.53 and 95% confidence interval (CI) of 1.21-1.94, non-Hodgkin lymphoma (SRE = 1.51, 95% CI = 1.31-1.73), and prostate (SRE = 1.28; 95% CI = 1.15-1.43). Testicular cancer was upgraded to probable because it had the highest summary risk estimate (SRE = 2.02; 95% CI = 1.30-3.13). Eight additional cancers were listed as having a "possible" association with firefighting. CONCLUSIONS: Our results confirm previous findings of an elevated metarelative risk for multiple myeloma among firefighters. In addition, a probable association with non-Hodgkin lymphoma, prostate, and testicular cancer was demonstrated.
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Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.
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The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.


Lioy, P. J., P. Georgopoulos, et al. (2006). An Overview of the Environmental Conditions and Human Exposures that Occurred Post September 11, 2001. Urban Aerosols and Their Impact:  Lessons Learned from the World Trade Center Tregedy. J. S. Gaffney and N. A. Marley, American Chemical Society.


Lioy, P. J., E. Pellizzari, et al. (2006). "The World Trade Center aftermath and its effects on health: understanding and learning through human-exposure science." Environ Sci Technol 40(22): 6876-6885.


Lorber, M., H. Gibb, et al. (2007). "Assessment of inhalation exposures and potential health risks to the general population that resulted from the collapse of the World Trade Center towers." Risk Anal 27(5): 1203-1221.



In the days following the collapse of the World Trade Center (WTC) towers on September 11, 2001 (9/11), the U.S. Environmental Protection Agency (EPA) initiated numerous air monitoring activities to better understand the ongoing impact of emissions from that disaster. Using these data, EPA conducted an inhalation exposure and human health risk assessment to the general population. This assessment does not address exposures and potential impacts that could have occurred to rescue workers, firefighters, and other site workers, nor does it address exposures that could have occurred in the indoor environment. Contaminants evaluated include particulate matter (PM), metals, polychlorinated biphenyls, dioxins, asbestos, volatile organic compounds, particle-bound polycyclic aromatic hydrocarbons, silica, and synthetic vitreous fibers (SVFs). This evaluation yielded three principal findings. (1) Persons exposed to extremely high levels of ambient PM and its components, SVFs, and other contaminants during the collapse of the WTC towers, and for several hours afterward, were likely to be at risk for acute and potentially chronic respiratory effects. (2) Available data suggest that contaminant concentrations within and near ground zero (GZ) remained significantly elevated above background levels for a few days after 9/11. Because only limited data on these critical few days were available, exposures and potential health impacts could not be evaluated with certainty for this time period. (3) Except for inhalation exposures that may have occurred on 9/11 and a few days afterward, the ambient air concentration data suggest that persons in the general population were unlikely to suffer short-term or long-term adverse health effects caused by inhalation exposures. While this analysis by EPA evaluated the potential for health impacts based on measured air concentrations, epidemiological studies conducted by organizations other than EPA have attempted to identify actual impacts. Such studies have identified respiratory effects in worker and general populations, and developmental effects in newborns whose mothers were near GZ on 9/11 or shortly thereafter. While researchers are not able to identify specific times and even exactly which contaminants are the cause of these effects, they have nonetheless concluded that exposure to WTC contaminants (and/or maternal stress, in the case of developmental effects) resulted in these effects, and have identified the time period including 9/11 itself and the days and few weeks afterward as a period of most concern based on high concentrations of key pollutants in the air and dust.
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OBJECTIVES: We report on cases of multiple myeloma (MM) observed in World Trade Center (WTC) responders registered in the WTC Medical Program. METHODS: Possible cases of MM diagnosed between September 11, 2001, and September 10, 2007, in responders were confirmed if they met the World Health Organization and Mayo Clinic diagnostic criteria. RESULTS: Among 28,252 responders of known sex and age, eight cases of MM were observed (6.8 expected). Four of these cases were observed in responders younger than 45 years at the time of diagnosis (1.2 expected). A slight deficit of MM cases was observed in responders older than 45 years (4 observed, 5.6 expected). CONCLUSION: In this case series, we observe an unusual number of MM cases in WTC responders under 45 years. This finding underscores the importance of maintaining surveillance for cancer and other emerging diseases in this highly exposed population.
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Substantial improvements in the past few decades in cancer detection and supportive care along with advances in therapy have led to growing numbers of cancer survivors. In view of the prolongation of survival in increasing numbers of patients, identification and quantification of the late effects of cancer and its therapy have become critical. One of the most serious events experienced by cancer survivors is the diagnosis of a new cancer. The number of patients who have second or higher-order cancers is increasing, and solid tumors are a leading cause of mortality among several populations of long-term survivors, including patients who have Hodgkin lymphoma. The focus of this article is treatment-associated malignancies in survivors of selected adult cancers.
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Purdue, M. P., Q. Lan, et al. (2011). "Prediagnostic serum levels of cytokines and other immune markers and risk of non-hodgkin lymphoma." Cancer Res 71(14): 4898-4907.



Although severe immune dysregulation is an established risk factor for non-Hodgkin lymphoma (NHL), it is unclear whether subclinical immune system function influences lymphomagenesis. To address this question, we conducted a nested case-control study within the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial to investigate whether circulating levels of cytokines and other immune markers are associated with future risk of NHL. Selected cytokines [interleukin (IL)-4, IL-6, IL-10, and TNF-alpha] and other immune markers [soluble TNF receptor 1 (sTNF-R1), sTNF-R2, C-reactive protein, and sCD27] were measured in prediagnostic serum specimens from 297 incident NHL cases and 297 individually matched controls. ORs and 95% confidence intervals (CI) relating quartiles of analyte concentration to NHL risk were calculated by using conditional logistic regression. Statistically significant associations with increased NHL risk were observed for elevated serum levels of sTNF-R1 (quartile 4 vs. quartile 1: OR = 1.7, 95% CI: 1.1-2.8; P(trend) = 0.02) and sCD27 (OR = 5.3, 95% CI: 2.9-9.4; P(trend) < 0.0001). These associations remained in analyses of cases diagnosed longer than 6 years following blood collection (sTNF-R1: OR = 2.1, 95% CI: 1.0-4.0, P(trend) = 0.01; sCD27: OR = 4.1, 95% CI: 1.9-8.5, P(trend) = 0.0001). Elevated levels of IL-10, TNF-alpha and sTNF-R2 were also significantly associated with increased risk of NHL overall; however, these associations weakened with increasing time from blood collection to case diagnosis and were null for cases diagnosed longer than 6 years postcollection. Our findings for sTNF-R1 and sCD27, possible markers for inflammatory and B-cell stimulatory states, respectively, support a role for subclinical inflammation and chronic B-cell stimulation in lymphomagenesis.
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Samples of ambient organic films deposited on exterior window surfaces from lower Manhattan and Brooklyn in New York City were collected six weeks after the terrorist attacks at the World Trade Center (WTC) on September 11, 2001 and analyzed for polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). Total tetra- through octa-CDD/F concentrations in window films within 1 km of the WTC site in lower Manhattan ranged up to 630,000 pg/m2 (estimated as a mass concentration of ca. 1,300,000 pg/ g) and a maximum toxic equivalent (TEQ) concentration of 4700 TEQ/m2 (ca. 10 000 pg TEQ/g). Measurements at a background site 3.5 km away in Brooklyn showed lower concentrations at 130 pg TEQ/m2 (260 pg TEQ/g). Ambient gas-phase PCDD/F concentrations estimated for each site using an equilibrium partitioning model suggested concentrations ranging from ca. 2700 fg-TEQ/m3 near the WTC site to the more typical urban concentration of 20 fg-TEQ/m3 atthe Brooklyn site. Multivariate analyses of 2,3,7,8-substitued congeners and homologue group profiles suggested unique patterns in films near the WTC site compared to that observed at background sites in the study area and in other literature-derived combustion source profiles. Homologue profiles near the WTC site were dominated by tetra-, penta-, and Hexa-CDD/Fs, and 2,3,7,8-substituted profiles contained mostly octa- and hexachlorinated congeners. In comparison, profiles in Brooklyn and near mid-Manhattan exhibited congener and homologue patterns comprised mainly of hepta- and octa-CDDs, similar to that commonly reported in background air and soil.
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BACKGROUND: This study examines the role of occupational factors in the development of diffuse malignant mesothelioma with special emphasis on the dose-response relationship for asbestos and on the exposure to man-made vitreous fibers (MMVFs). METHODS: One hundred and twenty-five male cases, diagnosed by a panel of pathologists, were personally interviewed concerning their occupational and smoking history. The same number of population controls (matched for sex, age and region of residence) underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated for an expert-based exposure index using conditional logistic regression. RESULTS: Exposure to asbestos shows the expected sharp gradient with an OR of about 45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years). A significant OR was calculated even for the lowest exposure category "> 0 - < or = 0.15 fiber years". Although the mean cumulative exposure to MMVF is roughly 10% of the exposure to asbestos, an increased OR is observed in an ever/never evaluation. This observation is heavily hampered by methodical problems. A corresponding case-control study was performed using a lung tissue fiber analysis in addition to interviews. Both interviews and the lung tissue analysis yielded similar OR levels between the reference and the maximum exposure intervals. CONCLUSIONS: Despite a possible influence as a result of selection and information bias, our results confirm the previously reported observation of a distinct dose-response relationship even at levels of cumulative exposure below 1 fiber year. Moreover, the study confirms that asbestos is a relevant confounder for MMVF. A causal relationship between exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other studies.


Stayner, L., E. Kuempel, et al. (2008). "An epidemiological study of the role of chrysotile asbestos fibre dimensions in determining respiratory disease risk in exposed workers." Occup Environ Med 65(9): 613-619.



BACKGROUND: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question. METHODS: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter. RESULTS: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates. Cumulative exposures based on individual fibre size-specific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 microm). Longer (>10 microm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28-0.99, p values <0.001), which complicates the interpretation of the study findings. CONCLUSIONS: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.


Thurlbeck, W. M. (1982). "Postnatal human lung growth." Thorax 37(8): 564-571.


Trasande, L. and G. D. Thurston (2005). "The role of air pollution in asthma and other pediatric morbidities." J Allergy Clin Immunol 115(4): 689-699.


Welch, H. G. and W. C. Black (2010). "Overdiagnosis in cancer." J Natl Cancer Inst 102(9): 605-613.



This article summarizes the phenomenon of cancer overdiagnosis-the diagnosis of a "cancer" that would otherwise not go on to cause symptoms or death. We describe the two prerequisites for cancer overdiagnosis to occur: the existence of a silent disease reservoir and activities leading to its detection (particularly cancer screening). We estimated the magnitude of overdiagnosis from randomized trials: about 25% of mammographically detected breast cancers, 50% of chest x-ray and/or sputum-detected lung cancers, and 60% of prostate-specific antigen-detected prostate cancers. We also review data from observational studies and population-based cancer statistics suggesting overdiagnosis in computed tomography-detected lung cancer, neuroblastoma, thyroid cancer, melanoma, and kidney cancer. To address the problem, patients must be adequately informed of the nature and the magnitude of the trade-off involved with early cancer detection. Equally important, researchers need to work to develop better estimates of the magnitude of overdiagnosis and develop clinical strategies to help minimize it.


Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.



BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.


Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.


Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.


Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.


 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42


A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.


Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.


Background: This study examines the role of occupational factors in the development of


diffuse malignant mesothelioma with special emphasis on the dose±response relationship


for asbestos and on the exposure to man-made vitreous fibers (MMVFs).


Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,


were personally interviewed concerning their occupational and smoking history. The


same number of population controls (matched for sex, age and region of residence)


underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated


for an expert-based exposure index using conditional logistic regression.


Results: Exposure to asbestos shows the expected sharp gradient with an OR of about


45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A


significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber


years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure


to asbestos, an increased OR is observed in an ever/never evaluation. This observation is


heavily hampered by methodical problems. A corresponding case-control study was


performed using a lung tissue fiber analysis in addition to interviews. Both interviews and


the lung tissue analysis yielded similar OR levels between the reference and the maximum


exposure intervals.


Conclusions: Despite a possible influence as a result of selection and information bias,


our results confirm the previously reported observation of a distinct dose-response


relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study


confirms that asbestos is a relevant confounder for MMVF. A causal relationship between


exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other


studies.

� As found in occupational exposure of chimney sweeps.



� NL =  not listed



� NL =  not listed







�I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 



�This sentence is true but is needlessly negative. I re-phrased it as above..



�I will provide references.



�According to whom? Source?
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Draft to Stac Committee Feb 24 2012.docx
John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the List as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).	Comment by Guille: I do not think that firefighters should be singled out as many other occupational groups experienced the same exposures… should just say rescue, recovery, clean-up and restoration workers

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members. 	Comment by Guille: Should we say something about the mixtures present that probably exacerbated the exposures and risks?

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs jobs/tasks performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by Guille: Should not be limited as workers at the landfill and the barge area are also eligible… 

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals residents returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 	Comment by Guille: If possible can we mention that many NYC government offices are housed in buildings below Canal Street, and many workers were required to return before any decontamination/cleaning took place and without PPE? 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?	Comment by Guille: Heavy machinery and power tools brought onto the site added to the exposures.

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)	Comment by Guille: Can we also say mineral?

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].	Comment by Guille: How about the Lisa Coussens and Zena Werb article titled Inflammation and cancer.  Published in Nature. 2002 December 19; 420(6917): 860-867 

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

[bookmark: _GoBack](Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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TABLE 5
Summary of Likelihood of Cancer Risk and Summary Risk Estimate (95% CI) Across All Types of Studies for All Cancers


Cancer Site
Likelihood of Cancer


Risk by Criteria
Summary Risk


Estimate (95% CI) Comments


Multiple
myeloma


Probable 1.53 (1.21–1.94) Consistent with mSMR and PMR (1.50, 95% CI � 1.17–1.89)
Based on 10 analyses
Heterogeneity—not significant at the 10% level


Non-Hodgkin
lymphoma


Probable 1.51 (1.31–1.73) Only two SMR and another PMR studies
Slightly higher than mSMR and PMR (1.36, 95% CI � 1.10–1.67)
Based on eight analyses
Heterogeneity—not significant at the 10% level


Prostate Probable 1.28 (1.15–1.43) Consistent with mSIR (1.29, 95% CI � 1.09–1.51)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Testis Possible 2.02 (1.30–3.13) Slightly higher than mSIR (1.83, 95% CI � 1.13–2.79)
Based on four analyses
Heterogeneity—not significant at the 10% level


Skin Possible 1.39 (1.10–1.73) Slightly lower than mSMR and PMR (1.44, 95% CI � 1.10–1.87) – derived
on basis of PMR studies


Based on eight analyses
Heterogeneity—not significant at the 10% level


Malignant
melanoma


Possible 1.32 (1.10–1.57) Slightly higher than mSMR and PMR (1.29, 95% CI � 0.68–2.20)
Based on 10 analyses
Heterogeneity—not significant at the 10% level


Brain Possible 1.32 (1.12–1.54) Slightly higher than mSMR and PMR (1.27, 95% CI � 0.98–1.63)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was


heterogeneity among SMR studies
Rectum Possible 1.29 (1.10–1.51) Slightly lower than mSMR and PMR (1.39, 95% CI � 1.12–1.70)


Based on 13 analyses
Heterogeneity—not significant at the 10% level


Buccal cavity
and pharynx


Possible 1.23 (0.96–1.55) Slightly higher than mSMR (1.18, 95% CI � 0.81–1.66)
Based on nine analyses
Heterogeneity—not significant at the 10% level


Stomach Possible 1.22 (1.04–1.44) Lower than mSIR (1.58, 95% CI � 1.12–2.16)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Colon Possible 1.21 (1.03–1.41) Slightly lower than mSMR and PMR (1.31, 95% CI � 1.08–1.59)
Based on 25 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR and PMR studies
Leukemia Possible 1.14 (0.98–1.31) Similar to mSMR and PMR (1.14, 95% CI � 0.92–1.39)


Based on eight analyses
Heterogeneity—not significant at the 10% level


Larynx Unlikely 1.22 (0.87–1.70) Higher than mSMR (0.58, 95% CI � 0.25–1.15)
Based on seven analyses
Heterogeneity—not significant at the 10% level


Bladder Unlikely 1.20 (0.97–1.48) Similar to mSMR and PMR (1.24, 95% CI � 0.83,1.49)
Based on 11 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies
Esophagus Unlikely 1.16 (0.86–1.57) Higher than mSMR (0.68, 95% CI � 0.39–1.08)


Based on eight analyses
Heterogeneity—not significant at the 10% level


Pancreas Unlikely 1.10 (0.91–1.34) Slightly higher than mSMR (0.98, 95% CI � 0.75–1.26)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Kidney Unlikely 1.07 (0.78–1.46) Similar to mSMR and PMR (1.23, 95% CI � 0.94–1.59)
Based on 12 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies
(Continued)
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SIR � 1.39, 95% CI � 0.2–5.0; 11
to 20 years: SIR � 4.03, 95% CI �
1.3–9.4. In those exposed greater
than 20 years, the risk estimate re-
mained elevated but declined (SIR �
2.65, 95% CI � 0.3–9.6), possibly
because testicular cancer generally
occurs at a younger age. Bates et al30


argued that, although the reason for
the excess risk of testicular cancer
remained obscure, the possibility that
this is a chance finding was low
because incident studies are likely
the most appropriate methodology
for a cancer that can be successfully
treated.


The 1990 findings of Howe and
Burch4 showing a positive associa-
tion with brain cancer and malignant
melanoma are compatible with our
results because both had significant
summary risk estimates. Brain can-
cers were initially scored as probable
but then downgraded to possible (Ta-
ble 5). There was inconsistency
among the SMR studies, which re-
sulted in the use of the random-
effects model, yielding confidence
limits that were not significant
(SMR � 1.39, 95% CI � 0.94–2.06)
(Table 2). This inconsistency primar-
ily resulted from the Baris et al
study,13 a 61-year follow up of 7789
firefighters demonstrating a marked
reduction in brain cancer (SMR �
0.61, 95% CI � 0.31–1.22). As


noted in Table 4, however, there
were elevated, but not significant,
risk estimates across all studies, ie,
mSMR, mPMR, mRR, and mSIR.
This consistency is all the more re-
markable given the diversity of rare
cancers included in the category
“brain and nervous system.” Further-
more, there was a 2003 study by
Krishnan et al65 published after our
search that examined adult gliomas
in the San Francisco Bay area of men
in 35 occupational groups. This
study showed that male firefighters
(six cases and one control) had the
highest risk with an odds ratio of
5.93, although the confidence inter-
vals were wide and not significant. In
addition, malignant melanoma was
also initially scored as probable but
was downgraded to “possible” due to
study type. This study downgrade
was related to the negative SMR (�)
and reliance primarily on a PMR
study. Thus, in conclusion, our study
supports a probable risk for multiple
myeloma, similar to Howe and
Burch’s4 findings, and a possible
association with malignant mela-
noma and brain cancer.


Summary
We implemented a qualitative


three-criteria assessment in addition
to the quantitative meta-analyses.
Based on the more traditional quan-


titative summary risk estimates
shown in Table 5, 10 cancers, or half,
were significantly associated with
firefighting. Three cancers were des-
ignated as a probable risk based on
the quantitative meta-risk estimates
and our three criteria assessment.
These cancers included multiple my-
eloma, non-Hodgkin’s lymphoma,
and prostate. A recommendation is
also made, however, for upgrading
testicular cancer to “probable” based
on the twofold excess summary risk
estimate and the consistency among
the studies. Thus, firefighter risk for
these four cancers may be related to
the direct effect associated with ex-
posures to complex mixtures, the
routes of delivery to target organs,
and the indirect effects associated
with modulation of biochemical or
physiologic pathways. In anecdotal
conversations with firefighters, they
report that their skin, including the
groin area, is frequently covered with
“black soot.” It is noteworthy that
testicular cancer had the highest
summary risk estimate (2.02) and
skin cancer had a summary risk esti-
mate (1.39) higher than prostate
(1.28). Certainly, Edelman et al3 at
the World Trade Center, although
under extreme conditions, revealed
the hazards that firefighters may en-
counter only because air monitoring
was performed.


TABLE 5
Continued


Cancer Site
Likelihood of Cancer


Risk by Criteria
Summary Risk


Estimate (95% CI) Comments


Hodgkin’s
disease


Unlikely 1.07 (0.59–1.92) Higher than mSMR (0.78, 95% CI � 0.21–2.01)
Based on three analyses
Heterogeneity—not significant at the 10% level


Liver Unlikely 1.04 (0.72–1.49) Similar to mSMR (1.00, 95% CI � 0.63–1.52)
Based on seven analyses
Heterogeneity—not significant at the 10% level


Lung Unlikely 1.03 (0.97–1.08) Similar to mSMR and PMR (1.05, 95% CI � 0.96–1.14)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was


heterogeneity among PMR studies
All cancers Unlikely 1.05 (1.00–1.09) Similar to mSMR and PMR (1.06, 95% CI � 1.02–1.10


Based on 25 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies


CI indicates confidence interval; SMR, standardized mortality ratio; PMR, proportional mortality ratio; SIR, standardized incidence ratio.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [why not also Hodgkin’s?]

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

[bookmark: _GoBack]These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated

Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposure are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [why not also Hodgkin’s?]

· Multiple myeloma

· Leukemia [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

[bookmark: _GoBack]These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated

Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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[bookmark: _GoBack]John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens 72 agents identified as causing cancer by the International Agency for Research on Cancer (IARC) and/or the National Toxicology Program (NTP) in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site.  Fifteen of the agents are classified as known to cause cancer in humans, 37 are classified as reasonably anticipated to cause cancer in humans, and the remainder is classified as probable or possible human carcinogens.  Most of the carcinogens are genotoxic, which means that any exposure to these agents theoretically increases the risk of developing cancer.  In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis.  In support of cancer induction through an inflammatory process, WTC dust causes time and dose-related increases in the formation/release of pro-inflammatory cyotkines/chemokines in human cells that is consistent with the activation of cytokine induction signaling pathways.

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.
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	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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                   Almost 20 years after its introduction, prostate-specific antigen 
(PSA) screening remains controversial. Randomized controlled 
trials are still ongoing in the United States and Europe, and it will 
be several years before efficacy results become available ( 1 , 2 ). 
Although prostate cancer mortality rates have declined in some 
countries with high use of PSA screening, such as the United 
States, mortality rates are also dropping in other countries with 
relatively low use of PSA screening, such as the United Kingdom 
( 3 ). Other factors besides screening may be affecting mortality, 
including changes in treatment practices and early detection of 
recurrent disease. 


 As the debate about the benefi ts of PSA screening continues, 
there is growing recognition of its costs. One of the chief drivers of 
the costs of PSA screening is overdiagnosis — the detection of latent 
disease that would not have been diagnosed in the patient ’ s lifetime 
in the absence of screening. Overdiagnosis is a particularly impor-
tant issue in prostate cancer screening because the latent preva-
lence of disease, as estimated from autopsy studies, is much higher 


than its incidence in the absence of screening. Therefore, there is 
a large pool of silent cancers that could potentially be detected by 
screening. Because it is not usually clear whether a screen-detected 
cancer has been overdiagnosed, many overdiagnosed patients 
receive curative treatment (surgery or radiation therapy), which is 
associated with substantial costs and morbidity ( 4 ). 
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   Background   The time by which prostate-specific antigen (PSA) screening advances prostate cancer diagnosis, called 
the lead time, has been reported by several studies, but results have varied widely, with mean lead times 
ranging from 3 to 12 years. A quantity that is closely linked with the lead time is the overdiagnosis fre-
quency, which is the fraction of screen-detected cancers that would not have been diagnosed in the 
absence of screening. Reported overdiagnosis estimates have also been variable, ranging from 25% to 
greater than 80% of screen-detected cancers.  


   Methods   We used three independently developed mathematical models of prostate cancer progression and detec-
tion that were calibrated to incidence data from the Surveillance, Epidemiology, and End Results program 
to estimate lead times and the fraction of overdiagnosed cancers due to PSA screening among US men 
aged 54 – 80 years in 1985 – 2000. Lead times were estimated by use of three definitions. We also compared 
US and earlier estimates from the Rotterdam section of the European Randomized Study of Screening for 
Prostate Cancer (ERSPC) that were calculated by use of a microsimulation screening analysis (MISCAN) 
model.  


   Results   The models yielded similar estimates for each definition of lead time, but estimates differed across defini-
tions. Among screen-detected cancers that would have been diagnosed in the patients ’  lifetimes, the 
estimated mean lead time ranged from 5.4 to 6.9 years across models, and overdiagnosis ranged from 
23% to 42% of all screen-detected cancers. The original MISCAN model fitted to ERSPC Rotterdam data 
predicted a mean lead time of 7.9 years and an overdiagnosis estimate of 66%; in the model that was cali-
brated to the US data, these were 6.9 years and 42%, respectively.  


   Conclusion   The precise definition and the population used to estimate lead time and overdiagnosis can be important 
drivers of study results and should be clearly specified.  


    J Natl Cancer Inst 2009;101: 374  –  383   
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 The frequency of overdiagnosis is associated with the time by 
which screening advances diagnosis, also called lead time. Because 
prostate cancer is often a slowly developing disease, PSA screening 
can be associated with lengthy lead times. The longer the lead 
time, the greater the likelihood of overdiagnosis. Thus, estimating 
the lead time is often a critical step in estimating the frequency of 
overdiagnosis. 


 Estimates of lead time and overdiagnosis due to PSA screening 
have been obtained from various sources. Several studies that used 
stored serum samples found mean lead time estimates ranging 
from 3 to more than 7 years ( 5  –  7 ); more recently, Tornblom et al. 
( 8 ) estimated a median lead time of 11 years. Other studies esti-
mated lead times on the basis of a comparison of detection rates in 
a population-based trial setting with baseline incidence, producing 
mean lead times between 5 and 12 years ( 9 , 10 ). Further investiga-
tions used models to explicitly link PSA screening frequencies with 
population trends in prostate cancer incidence as reported in the 
Surveillance, Epidemiology, and End Results (SEER) program 
( 11  –  13 ) of the National Cancer Institute. In these studies, mean 
lead time estimates ranged from 3 to 7 years. Overdiagnosis esti-
mates ranged from 25% to 84% of all screen-detected cancers 
( 10 , 12  –  14 ). 


 It is clear that published lead time and overdiagnosis estimates 
vary considerably across studies. There are at least three reasons 
for this variability: 1) the context of the estimates, including 
population, epidemiology of the disease, and the way screening is 
practiced in those populations (eg, PSA level cutoffs and biopsy 
practices); 2) the defi nitions of lead time and overdiagnosis used; 
and 3) the methods used to calculate the estimates. The goal of this 
article was to explore each of these three factors as we investigate 
why different studies have yielded different results. 


 We estimated lead time and overdiagnosis within a specifi c popu-
 lation setting, namely, the US male population aged 50 – 84 years 
in 1985 – 2000. To investigate the infl uence of the defi nition of 
the lead times on the estimates, we considered three defi nitions of 
lead time (non-overdiagnosed, censored, and uncensored, as 
defi ned in “Methods”). 


 The estimates presented were developed using three models that 
link PSA testing trends with population incidence rates: the model 
developed at the Fred Hutchinson Cancer Research Center 
(FHCRC) ( 11 , 12 ), the model developed at the University of 
Michigan (UMich) ( 13 ), and the microsimulation screening analysis 
(MISCAN) model developed at Erasmus MC in Rotterdam 
( 10 , 15 , 16 ). The use of multiple models allowed us to produce robust 
results while exploring the infl uence of estimation methodology. 


 The FHCRC and UMich models were originally developed to 
study prostate cancer incidence and mortality in the United States. 
In contrast, the MISCAN model was originally based on baseline 
incidence in the Netherlands and results of the Rotterdam section 
of the European Randomized Study of Screening for Prostate 
Cancer (ERSPC) ( 10 , 15 ). Thus, to enable comparisons with US 
data, the MISCAN model was calibrated to SEER incidence data. 


 This study was carried out in collaboration with the Cancer 
Intervention and Surveillance Modeling Network (CISNET; 
 http://cisnet.cancer.gov/ ) of the National Cancer Institute. The 
primary goal of CISNET is to use modeling to quantify the roles 
of prevention, screening, and treatment in explaining cancer inci-


dence and mortality trends. A key feature of the CISNET collabo-
ration is that the models are developed independently, but modelers 
use standardized inputs and share details of model development to 
understand and explain any differences in model results. 


  Methods 
  Definitions of Lead Time and Overdiagnosis 


 The standard definition of lead time is the interval from screen 
detection to the time of clinical diagnosis, when the tumor would 
have surfaced without screening. However, patients with screen-
detected cancers may die from other causes before the time of 
clinical diagnosis. This is called overdiagnosis. In this article, over-
diagnosis is expressed as a percentage of all screen-detected can-
cers, unless otherwise specified. Because lead times are not directly 
observable, surrogate measures are often used, and as a conse-
quence, estimates of lead time may refer to different quantities. 
Three variants exist for both lead time and the related concept of 
sojourn time — the time from disease onset to clinical diagnosis. 
Non-overdiagnosed lead times are calculated only for non-
overdiagnosed cancers, that is, those for which the date of clinical 
diagnosis precedes the date of death ( Figure 1, A ). Censored lead 
times are calculated for both non-overdiagnosed cancers and over-
diagnosed cancers, with lead times for overdiagnosed cancers 
censored at the date of death from other causes ( Figure 1, B ). 


  CONTEXT AND CAVEATS 


  Prior knowledge 


 Estimates of lead time, which is the time that screening advances 
cancer diagnosis, and overdiagnosis, the detection by screening of 
cancers that would not be detected in the absence of screening, are 
highly variable for prostate cancer screening using prostate-
specific antigen (PSA) testing.  


  Study design 


 Lead times and fractions of overdiagnosis for PSA testing of US 
men aged 54 – 80 years in 1985 – 2000 were estimated using three 
models of prostate cancer progression and detection calibrated to 
the Surveillance, Epidemiology, and End Results program. 
Estimates of lead times using different definitions were compared 
across models.  


  Contributions 


 Estimated lead times ranged from 5.4 to 6.9 years and were similar 
across models but different according to the definition used. 
Overdiagnosis ranged from 23% to 42% of all prostate cancers 
detected by PSA testing.  


  Implications 


 When reporting lead times in screening studies, the definition of 
lead time used can impact the outcome and thus should always be 
specified.  


  Limitations 


 A portion of the PSA screening tests included in the models was 
likely performed for diagnostic purposes after prostate cancer 
diagnosis. The estimates are imperfect, and it is unknown in which 
direction they may be biased.  


  From the Editors   
   



http://cisnet.cancer.gov/
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Uncensored lead times are calculated for both non-overdiagnosed 
cancers and overdiagnosed cancers. The lead times for overdiag-
nosed cancers are not censored at the date of death from other 
causes ( Figure 1, B ). As might be expected, there is a major differ-
ence between lead times that are estimated only for non-
overdiagnosed cancers and lead times that are estimated for both 
overdiagnosed cancers and non-overdiagnosed cancers. A draw-
back of many studies that estimate lead time is that the precise 
definition used is not made explicit.     


 To reconcile published estimates of lead time and overdiagno-
sis, we applied modeling approaches to estimate these three defi ni-
tions of lead time. Before describing the models, however, it is 
useful to compare the defi nitions and to consider when each might 
be appropriate. 


 First, the mean lead times that are based on the three defi nitions 
are related — the mean non-overdiagnosed and mean censored lead 
times will always be shorter than the mean uncensored lead time. 
Thus, if a relatively high value is estimated by use of one defi nition, 
estimates that use the other defi nitions will also be high, in general. 
Second, of these three defi nitions, only the uncensored lead time is 
independent of age. Because of increasing mortality from other causes 
with age, both mean censored and mean non-overdiagnosed lead 
times decrease with age, whereas the risk of overdiagnosis increases. 


 Each defi nition of lead time is useful in the appropriate setting. 
The non-overdiagnosed lead time applies to the population of 


patients for whom screening is potentially benefi cial and as such is 
valuable in designing screening schedules and in studies of potential 
or actual screening benefi t. The censored lead time applies to the 
entire screen-detected population and refl ects the extra time that 
patients must live with the knowledge that they have prostate cancer 
and the consequences of diagnosis and possibly treatment. Therefore, 
censored lead time is an important indicator of morbidity associated 
with screening and will be particularly relevant if the screening ben-
efi t is minimal or modest. The uncensored lead time is useful 
because it applies to death from the disease itself, in the absence of 
other causes. The uncensored lead time is closely linked to overdiag-
nosis because overdiagnosis may be defi ned as corresponding to the 
occurrence of other-cause death within the uncensored lead time.  


  Modeling Population Incidence for Inference About Lead 


Time and Overdiagnosis 


 The pattern of disease incidence in a population undergoing 
screening for the first time is well established ( 17 ). Initial dissemi-
nation of the screening test leads to an increase in disease inci-
dence; as use of the test stabilizes, incidence declines. The height 
and width of the incidence peak following the introduction of 
screening provide information about the lead time associated with 
the test and, together with the trend in incidence following the 
peak, also provide information about the frequency of overdiag-
nosis ( 18 ). However, extracting information about lead time and 
overdiagnosis from population incidence trends requires knowl-
edge of trends in population screening and a quantitative mecha-
nism that links screening in the population with disease incidence 
patterns. In this analysis, we used common data sources and three 
different models to estimate lead time and overdiagnosis associated 
with PSA screening in the United States. 


 Although the three models have been independently developed, 
each builds on a concept of the natural history of the disease that 
includes onset, progression, and diagnosis in the absence of screen-
ing. The natural history models are described below. The param-
eters of the natural history models are estimated so that the 
incidence of disease that is projected by the model matches the 
incidence observed in the SEER population. This estimation pro-
cess is termed model calibration. The calibrated models are then 
used to produce estimates of mean lead time and overdiag nosis, 
either analytically or via simulation. For validation purposes, each 
model also projects the number of screening tests and the total 
incidence of prostate cancer among men aged 50 – 84 years in 
1985 – 2000.  


  Prostate Cancer Incidence and Screening Frequencies 


 The models are calibrated to the incidence of prostate cancer by 
age, stage, and calendar year. These data were obtained from the 
nine core catchment areas (SEER 9) of the SEER registry ( http://
seer.cancer.gov/ ). For the dissemination of PSA screening, we used 
the results of Mariotto et al. ( 19 ), who retrospectively constructed 
PSA screening histories in the population by use of survey data 
from the 2000 National Health Interview Survey ( 20 ) and claims 
data from the linked SEER-Medicare database ( http://healthservices.
cancer.gov/seermedicare/ ). PSA screening started in the late 1980s 
and increased to a level of 30% of the male population aged 50 – 84 
years by the year 2000. The frequency of the first PSA tests peaked 


  
  Figure 1  .    Lead time, sojourn time, and overdiagnosis.  A)  Non-
overdiagnosed prostate cancers.  B)  Overdiagnosed prostate cancers. A 
non-overdiagnosed cancer patient is clinically diagnosed (CD) before 
dying from any cause (AC Death), whereas an overdiagnosed cancer 
patient dies of other causes (OC Death) before being clinically diagnosed. 
Lead times ( L ) begin at screen detection (SD), and sojourn times ( S ) begin 
at disease onset (Onset). Non-overdiagnosed lead and sojourn times ( L  N  
and  S  N ) are calculated only for non-overdiagnosed cancers. Censored 
lead and sojourn times ( L  C  and  S  C ) are calculated for both non-overdiag-
nosed cancers and overdiagnosed cancers, with times for overdiagnosed 
cancers censored at OC death. Uncensored lead and sojourn times ( L  U  
and  S  U ) are also calculated for both non-overdiagnosed cancers and 
overdiagnosed cancers, with times for overdiagnosed cancers uncen-
sored at OC Death. Note that the overdiagnosed cancers might include 
nonprogressive cancer or “insignifi cant” cancer, for which clinical diag-
nosis would “never” happen, even in the absence of other-cause mortal-
ity. CD = clinical diagnosis; SD = screen detection; AC Death = death from 
any cause; OC Death = death from other causes; Onset = disease onset 
time, when the tumor becomes detectable by screening.     



http://seer.cancer.gov/
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in 1992, when approximately 12% of the male population aged 
50 – 84 years had their first test ( Figure 2 ).     


 All models use the maximum likelihood method for estimating 
some (MISCAN and FHCRC) or all (UMich) parameters. 
Specifi cally, the models predict the counts of cancers by calendar 
year, 5-year age group, and stage (local – regional vs distant) from 
1985 through 2000, ages 50 – 84 years, in the SEER 9 registries. 
Parameters are estimated by maximization of the likelihood of 
these observed counts, assuming each count to be Poisson distrib-
uted with the predicted count as mean. This is equivalent to mini-
mization of the deviance between observed and predicted counts. 
A common assumption in our models is that observed incidence 
trends from 1985 through 2000 can be explained by the dissemina-
tion of PSA screening; that is, in the absence of screening, the 
models assume fl at incidence rates at 1985 – 1987 levels. Also all 
models use standard US life tables that have been corrected for 
prostate cancer mortality to calculate mortality from causes other 
than prostate cancer.  


  The MISCAN Model 


 The MISCAN prostate model is a microsimulation model that 
simulates individual life histories. In such models, lead time and 
overdiagnosis estimates are obtained by simply tallying the rele-
vant events. For example, the overdiagnosis frequency was esti-
mated by counting the proportion of patients who have a date of 
screen-detected prostate cancer whose date of other-cause death 
would have preceded the date of clinical diagnosis if there had been 
no screening. Cancer development is modeled as a semi-Markov 
process, generating transitions from one state to the next. In addi-
tion to the healthy state, there are nine states in the natural history 
of prostate cancer that are derived from combinations of clinical 
stage (T1, T2, and T3) and Gleason grade (well, moderately, and 
poorly differentiated) ( 10 , 15 , 16 ). Most parameters in the MISCAN 
model were based on results of the Rotterdam ERSPC trial 
( 15 , 16 ). For calibration to SEER 9 incidence from 1985 through 
2000, several parameters were changed and estimates specific for 
the US population were obtained via maximum likelihood estima-
tion. The final calibrated model differed from the Rotterdam in 
two aspects: we assumed and estimated a lower sensitivity of PSA 
screening in the United States, and we added and estimated an 
extra stage-specific risk of clinical diagnosis, implying an earlier 
diagnosis of prostate cancer in the absence of screening in the 
United States. Note that in the MISCAN model, the PSA test and 
subsequent biopsy are modeled as a single test, with stage-specific 
sensitivities. We also converted the disease stages from T1 – T3 to 
the SEER local – regional and distant stages and reestimated the 
stage- and grade-specific risks of transition from local – regional to 
metastatic disease.  


  The FHCRC Model 


 The FHCRC model explicitly links individual PSA levels and 
prostate cancer progression events, including disease onset, metas-
tasis, and clinical presentation ( 22 ). We assume that individual 
PSA levels increase linearly (on the natural logarithmic scale) with 
age and that the slope of the increase changes after    the time of 
disease onset. The link between the rate of increase of the PSA 
concentration and disease progression formalizes the intuitive 


notion that an individual whose PSA level is increasing very slowly 
is likely to have a longer interval before his disease spreads beyond 
the prostate. This approach is similar to models in which the risk 
of disease progression is assumed to depend on tumor size ( 23 , 24 ), 
but the tumor size variable is replaced with an individual-specific 
marker trajectory ( 22 , 25  –  27 ). Ages at disease onset, transition from 
localized to metastatic disease, and clinical presentation are con-
trolled by corresponding hazard functions. We assumed the hazard 
of disease onset to be proportional to age, the hazard of transition 
from a local – regional-stage tumor to a distant-stage tumor to 
increase with the PSA level, and the hazard of transition from a 
preclinical state to clinical diagnosis also to increase with PSA level 
and greater when the disease becomes metastatic. 


 PSA concentration curves and within- and between-individual 
variances were estimated by use of data from the Prostate Cancer 
Prevention Trial ( 28 ), which conducted annual screening of 18   000 
men for up to 7 years. To project disease incidence, we simulated 
a population of natural histories and superimposed PSA screening 
tests according to schedules that were projected by the results of 
Mariotto et al. ( 19 ). A biopsy is recommended for men with    a PSA 
level of 4.0 ng/mL or greater. The rate of compliance with the 
recommendation is based on data from the Prostate, Lung, 
Colorectal and Ovarian Cancer Screening Trial ( 29 ), a 23-year 
trial including PSA screening for 37   000 men. Finally, biopsy sen-
sitivity improves across calendar years based on a literature review 
of biopsy schemes. Given individual PSA trajectories, screening 
schedules, and biopsy compliance and sensitivity patterns in 
the population, the hazard rate parameters were estimated from 
SEER 9 incidence and stage distribution by use of maximum likeli-
hood methods. After calibration, estimates of mean lead time and 
overdiagnosis were computed via simulation.  


  The UMich Model 


 The UMich model is a statistical mixed model that was specifically 
designed to allow estimation of its parameters directly from cancer 


  
  Figure 2  .    Dissemination of PSA screening. The graph presents the age-
adjusted [to the US standard million ( 21 )] frequency of fi rst PSA tests 
and repeat tests in men aged 50 – 84 years. Rates are based on the 
results of Mariotto et al. ( 19 ). PSA = prostate-specifi c antigen.     
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registry data representing population incidence ( 13 ). The natural 
history of the disease is taken to consist of healthy, preclinical, and 
clinical or diagnosed states. If screening schedules were known in 
the population, the UMich model would be similar to classical 
statistical models of cancer screening ( 30 , 31 ). But because indi-
vidual screening schedules are unknown, incidence rates are calcu-
lated by averaging across the distribution of screening schedules 
and the distribution of random natural histories   . The model 
parameters include the sensitivity of the screening test, the distri-
bution of age at tumor onset, and the distribution of the sojourn 
time in the preclinical state. 


 Test sensitivity is assumed to be an increasing function of the 
time since tumor onset, and Weibull distributions are assumed for 
the distribution of age at tumor onset and the sojourn time distri-
bution. Given age at onset, cancer detection by screening is 
assumed to represent an independent risk that competes with the 
sojourn time. However, because the tumor onset and the screening 
schedule are unobservable, the observed risks become mutually 
dependent. 


 A multiplicative secular trend in calendar time was introduced 
to model the increasing incidence pattern observed in the 1980s 
before PSA testing was introduced. The trend settles at a plateau 
in the PSA era, leaving the description of the dynamics in the PSA 
era to utilization patterns of the test. To make the model amenable 
to population data, a two-stage point-process model of random 
PSA screening schedules in the population was built and specifi ed 
to reproduce the observed patterns of test utilization by age and 
calendar time ( 13 ). The model was fi t to SEER 9 incidence and 
stage distribution by maximizing the likelihood for observed popu-
lation rates. After the model was calibrated, lead time and over-
diagnosis estimates were derived analytically on the basis of 
expressions for the sojourn time distribution and probabilities of 
related events ( 13 ).  


  Web Supplements 


 Detailed supplemental descriptions of the FHCRC and UMich 
models are available at  http://cisnet.cancer.gov/profiles/ .   


  Results 
  Prostate Cancer Incidence 


 After the introduction of the PSA test for the early detection of 
prostate cancer in 1987 – 1988, its use rapidly rose and reached a 
steady rate of about 30 tests per 100 men-years in 1996 ( Figure 2 ). 
The number of men receiving their first test peaked in 1992. In 
the same period, prostate cancer incidence rose from approxi-
mately 400 per 100   000 men-years in 1987 to 600 per 100   000 in 
1996, with a distinct peak of 800 per 1   00   000 men-years in 1992 
( Figure 3 ), coinciding with the peak in first PSA tests. Observed 
incidence was reasonably well reproduced by all three models. 
The MISCAN and UMich models slightly underpredicted, and 
the FHCRC model slightly overpredicted incidence in the late 
1980s. Both MISCAN and FHCRC model projections     lagged 
behind the observed incidence peak. In the UMich model, inci-
dence after 1996 was lower than that in the other models. The 
models estimated that 47% – 58% of prostate cancers were screen-
detected in 2000.     


 Observed and predicted incidence of local – regional prostate 
cancer closely followed the overall incidence pattern ( Figure 4, A ). 
The pattern for distant-stage incidence was different. In the nine 
core SEER catchment areas, distant-stage disease incidence 
dropped from 68 to 34 per 100   000 between 1990 and 1995, gradu-
ally declining to 24 per 100   000 in 2000, a decline of 65%. This 
pattern was imperfectly reproduced by all three models, underes-
timating distant-stage disease incidence before 1990 and overesti-
mating it thereafter, predicting smaller and more gradual 
declines — from 40% in the MISCAN model to 50% in the UMich 
model ( Figure 4, B ).      


  Lead Time and Overdiagnosis 


 In the SEER 9 database, 235   112 prostate cancers were registered dur-
ing 1985 – 2000 in men aged 50 – 84 years. The total number of life-
years was 42.3 million, implying a crude incidence rate of 555 per 
100   000 men. The MISCAN, FHCRC, and UMich models predicted 
that 239   000, 244   000, and 230   000 men, respectively, were diagnosed 
with prostate cancer, respectively ( Table 1 ). The models projected that 
7.9 (MISCAN), 7.8 (FHCRC), and 7.4 (UMich) million PSA tests 
were conducted in the same period and age group. An estimated 44% 
(MISCAN), 42% (FHCRC), and 38% (UMich) of prostate cancers 
were detected by PSA screening, and an estimated 42% (MISCAN), 
28% (FHCRC), and 23% (UMich) of the screen-detected cancers 
were overdiagnosed. In the MISCAN and FHCRC models, approxi-
mately 19% and 12%, respectively, of total incidence was overdiag-
nosed, whereas the UMich model estimated this to be 9%.     


 As expected, the estimated mean uncensored lead times were 
greater than the mean censored and non-overdiagnosed lead times. 
The uncensored estimates ranged from 7.2 to 10.0 years, the cen-
sored estimates ranged from 5.7 to 7.8 years, and the non-over-
diagnosed lead times ranged from 5.4 to 6.9 years. The estimates 
from the MISCAN model were consistently higher than those 
from the FHCRC and UMich models, but the range across models 
was quite narrow for each defi nition of lead time.  


  MISCAN Model: Comparison of Results With ERSPC Data 


vs Results With SEER Data 


 In 2003, the MISCAN group reported a mean lead time for non-
overdiagnosed cancers of 13.4 years associated with annual screen-
ing from ages 55 to 75 years, with more than 50% of all 
screen-detected cancers being overdiagnosed ( 10 ). The estimates 
were obtained from a model that was based on incidence in the 
Netherlands before the PSA era (1991) and the cancer detection 
and diagnosis rates in ERSPC Rotterdam. We calculated incidence 
predictions from this model applied to the US situation, with only 
screening patterns changed. The model predicted a far more pro-
nounced incidence peak than that observed ( Figure 5 ). Following 
calibration, which involved allowing lower sensitivities of the 
screening test in the United States than in the trial situation in 
Rotterdam and higher hazards of preclinical prostate cancer being 
diagnosed in the United States than in the Netherlands, we 
obtained the fitted model predictions shown in  Figures 3 to 5 . Of 
course, estimated lead time and rate of overdiagnosis were affected 
by the calibration ( Table 2 ). With the original Netherlands –
 Rotterdam parameters, the mean non-overdiagnosed lead time 
would have been 7.9 years and the overdiagnosis frequency would 
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  Figure 3  .    Age-adjusted [to the US standard million ( 21 )] incidence of prostate 
cancer in men aged 50 – 84 years as observed in SEER 9 and predicted by each of 
the models. Predicted incidence is separated into screen-detected (SD) and clini-
cally diagnosed (CD) components.  A)  The MISCAN model.  B)  The FHCRC model. 
 C)  The UMich model. SEER 9 = the nine core catchment areas in the Surveillance, 
Epidemiology, and End Results program of the National Cancer Institute; 
MISCAN    = microsimulation screening analysis model based on ERSPC Rotterdam, 
calibrated to SEER 9 incidence; FHCRC = microsimulation model developed at 
the Fred Hutchinson Cancer Research Center, explicitly linking PSA levels and 
prostate cancer development; UMich = analytic model developed by A. Tsodikov 
(University of Michigan); PSA = prostate-specifi c antigen; ERSPC = European 
Randomized Study of Screening for Prostate Cancer.     
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have been 66% of screen-detected cancers; in the calibrated 
model, the mean non-overdiagnosed lead time was 6.9 years and 
the overdiagnosis frequency was 42%.           


  Discussion 
 The lead time and the likelihood of overdiagnosis are quantities 
that are critical in the assessment of the likely benefits and costs of 
any screening test; yet, in the case of PSA screening, results have 


been variable and confusing. This article is the first, to our knowl-
edge, to closely examine the reasons for discrepancies across stud-
ies. Our results clearly show that the context or population used to 
derive the estimates, the definition of lead time used, and the esti-
mation methodology all have important roles. 


 We considered three defi nitions of lead time that have been 
used in previous publications and showed that results differ 
depending on the defi nition used. The uncensored defi nition 
yields the longest estimated lead times and the non-overdiagnosed 
defi nition the shortest. We feel strongly that for future studies to 
be correctly interpreted, analysts should specify the defi nition used 
in their publications. Other defi nitions have also been reported. 
For example, McGregor et al. ( 14 ) defi ned overdiagnosis as the 
detection by screening of disease that would not have led to pros-
tate cancer death. Because the majority of prostate cancer patients 
do not die of the disease ( 32 , 33 ), the estimates of overdiagnosis due 
to PSA screening reported by McGregor et al. were considerably 
higher than ours, exceeding 80%. 


 The defi nition of lead time may be constrained or even dictated 
by the study design. In studies that use stored serum samples, for 
example, mean lead time is estimated empirically as the average 
time from the fi rst abnormal PSA test result to prostate cancer 
diagnosis among the cancer patients with serum samples in the 
repository. Gann et al. ( 5 ) used this method to estimate a mean lead 
time of 5 years that was based on one serum sample per patient, and 
Pearson et al. ( 34 ) estimated a mean lead time of 3 years by use of 
serial serum samples. Note that the lead times estimated in these 
studies refer to patients who were clinically diagnosed during the 
study (excluding overdiagnosed cancers), that is, corresponding to 
non-overdiagnosed lead time as shown in  Figure 1 . However, this 
approach has some defi ciencies. First, the estimates could be seri-
ously affected by the limited follow-up time, for example, 10 years 
in Gann et al. ( 5 ). Tornblom et al. ( 8 ), for example, studied prostate 
cancer incidence in Gothenburg (Sweden) in a cohort of men aged 
67 years in 1980 and who had a blood sample taken in 1980. They 
estimated a median lead time of 7.8 years with 12 years of follow-up 
and 10.7 years with 20 years of follow-up for PSA levels of 3 ng/mL 
and greater. Second, this approach assumes that cancer would have 
been identifi ed by biopsy examination at the time of the abnormal 
PSA test. 


 There are also different defi nitions of overdiagnosis. From an 
epidemiological or public health perspective, the standard defi ni-
tion is the one that we used in this analysis, namely, the event of 
other-cause death before the date of clinical diagnosis. However, 
the clinical literature has suggested an alternative defi nition, 
namely, the detection of “clinically insignifi cant” disease — tumors 
smaller than 0.2 cm 3 , organ confi ned, and with Gleason score less 
than 7 ( 35 ). By this defi nition, the frequency of overdiagnosis is 
substantially lower than that reported in the present article ( 36 ). 
However, autopsy studies have shown that tumors that are clini-
cally signifi cant in this sense have a considerable chance of going 
undiagnosed during a lifetime, as recently reviewed ( 37 ). Therefore, 
we argue that this alternative defi nition of overdiagnosis, although 
potentially useful in the future, is likely premature now. 


 Regarding the issue of context, comparing the results from the 
MISCAN ERSPC and MISCAN SEER models is revealing. Lead 
time and overdiagnosis estimates from the original model that was 


  
  Figure 4  .    Age-adjusted [to the US standard million ( 21 )] incidence in 
men aged 50 – 84 years of local – regional-stage and distant-stage pros-
tate cancer as observed (SEER 9) and predicted by each of the models. 
 A)  Local – regional-stage prostate cancer.  B)  Distant-stage prostate can-
cer. SEER 9 = the nine core catchment areas in the Surveillance, 
Epidemiology, and End Results program of the National Cancer 
Institute; MISCAN = microsimulation screening analysis model based 
on ERSPC Rotterdam, calibrated to SEER 9 incidence; FHCRC = micro-
simulation model developed at the Fred Hutchinson Cancer Research 
Center, explicitly linking PSA levels and prostate cancer development; 
UMich = analytic model developed by A. Tsodikov (University of 
Michigan); PSA = prostate-specifi c antigen; ERSPC = European 
Randomized Study of Screening for Prostate Cancer.     
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based on the Rotterdam data were comparable with those pub-
lished for PSA screening in the Netherlands ( 10 ). Clearly, prostate 
cancer and PSA screening in the US population seem to be differ-
ent from the trial setting in Rotterdam (see also  Figure 5 ). Two 
sets of parameters were changed: In the SEER model, the sensitiv-
ity of the screening test was lower than that in the ERSPC model, 
and the hazard of clinical diagnosis higher, implying an earlier 
diagnosis in the absence of PSA screening. The lower sensitivity 
is justifi ed by the lower PSA    cutoff at 3 ng/mL in Rotterdam vs 
4 ng/mL in the 1990s in the United States, and probably more 
important, by the higher biopsy compliance rate (90%) in the 
ERSPC Rotterdam study than in the Prostate, Lung, Colorectal, 
and Ovarian (PLCO) cancer screening trial (approximately 40%) 
( 29 ), which is supposedly representative of US practice. Partially 
counterweighting these differences may be adherence to the less 
sensitive sextant biopsy scheme in ERSPC Rotterdam, whereas 
US biopsy practices gradually adopted extended-core schemes. 
For the assumed earlier diagnosis in the absence of PSA screening, 
there is less evidence, but it allowed a higher predicted incidence 
rate in 1985 – 1987 without raising incidence over the entire study 
period. Because lead time and overdiagnosis are defi ned relative to 
clinical diagnosis, this assumption also resulted in lower estimates, 
consistent with the other models. This exercise shows that base-
line clinical incidence and the intensity of screening follow-up, 
both of which may differ across populations, may be important 
drivers of reported estimates of lead time and overdiagnosis in 
different studies. 


 Another source of variation could be caused by model param-
eterization. In the multiparameter MISCAN model, it is likely that 
different combinations of parameter values might fi t the data 
equally well, which might impact on lead time and overdiagnosis 
estimates. By contrast, in the more parsimonious UMich model, 
parameters are well identifi ed and have narrow confi dence inter-
vals ( 13 ). However, the impact of this source of variation is likely 
to be much smaller than that of model structure and assumptions. 
In this respect, the UMich model differs from both the MISCAN 
and FHCRC models in that its parameter estimates are based on 


SEER incidence only, whereas in the other models, data from 
other sources were also used for parameter estimation. 


 Finally, we discuss the role of the methods used to estimate lead 
times and overdiagnosis. In the present investigation, the specifi c 
model used plays a relatively minor role. The models yielded lead 
time and overdiagnosis estimates that were fairly consistent. It is 
important to note that these estimates depend on a common 
assumption in all three models — the dissemination of PSA screen-
ing is assumed to be the main causal factor of incidence trends 
since 1985. Although the models do reproduce overall incidence 
trends, the fi t is not perfect. For example, the observed reduction 


 Table 1  .    PSA screening and the diagnosis of prostate cancer in the SEER 9 population aged 50 – 84 years during 1985 – 2000, as predicted 
by the three models *   


  Group Item MISCAN FHCRC UMich  


  A No. of screening tests 7 919 110 7 769 666 7 433 518 
 B No. of men diagnosed with PC  †  238 720 243 565 230 449 
 C No. of screen-detected cancers 106 061 103 058 86 975 


 Percentage of group A 1.3 1.3 1.2 
 Percentage of group B 44.4 42.3 37.8 


 D No. of overdiagnosed cancers 44 499 28 874 19 872 
 Percentage of group B 18.6 11.9 8.6 
 Percentage of group C 42.0 28.0 22.9 


 E Lead time, y 
     Non-overdiagnosed, mean 6.9 5.9 5.4 
     Censored, mean 7.8 5.9 5.7 
     Uncensored, mean 10.0 (median) 7.2 8.8  


  *   PSA = prostate-specific antigen; PC = prostate cancer; SEER 9 = the nine core catchment areas in the Surveillance, Epidemiology, and End Results program of 
the National Cancer Institute; MISCAN = the microsimulation screening analysis model based on ERSPC Rotterdam, calibrated to SEER 9 incidence; FHCRC = 
the microsimulation model developed at the Fred Hutchinson Cancer Research Center, explicitly linking PSA levels and prostate cancer development; UMich = 
the analytic model developed by Dr Tsodikov (University of Michigan); ERSPC = European Randomized Study of Screening for Prostate Cancer.  


   †    Observed number of men diagnosed with prostate cancer = 235   112.   


  
  Figure 5  .    Age-adjusted [to the US standard million ( 21 )] incidence of 
prostate cancer in men aged 50 – 84 years as observed in SEER 9 and 
predicted by the calibrated* and uncalibrated †  MISCAN models. 
*Model calibrated to SEER 9 incidence, with risk of clinical diagnosis 
and test sensitivity estimated from SEER 9 incidence.  † Original, uncali-
brated model with parameters estimated from incidence in the 
Netherlands in 1991 and cancer rates observed in the Rotterdam sec-
tion of ERSPC. SEER 9 = the nine core catchment areas in the 
Surveillance, Epidemiology, and End Results program of the National 
Cancer Institute; ERSPC = European Randomized Study of Screening 
for Prostate Cancer; MISCAN = microsimulation screening analysis.     
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of distant disease incidence is only partially reproduced by the 
models, replicating results of Etzioni et al. ( 38 ), who, using a dif-
ferent model (not calibrated to stage-specifi c incidence), also 
found that the model-projected decline in distant-stage incidence 
was less extreme than that observed in SEER. Also, the estimates 
of the mean uncensored lead time and overdiagnosis frequency are 
higher than those reported by Telesca et al. ( 39 ). Assuming 
observed incidence to be the sum of a smooth incidence trend in 
the absence of screening and an excess incidence that is a function 
of screening patterns and exponentially distributed lead times, they 
obtained estimates of mean uncensored lead times of 6.34 years for 
whites and 7.67 years for blacks. Telesca et al. ( 39 ) also showed 
that their estimates, which were based on population incidence, are 
sensitive to assumptions about background incidence. Thus, the 
specifi c modeling approach used can be infl uential, although our 
experience suggests that context and lead time defi nition are prob-
ably more important in explaining the heterogeneity of published 
lead time and overdiagnosis estimates across studies. 


 This study has several limitations. The estimates depend on the 
following assumptions: 1) All incidence trends since 1985 are due 
to PSA screening, which amounts to assuming an unobserved fl at 
incidence rate in the absence of screening. This assumption may be 
reasonable, but we do not have independent evidence to support it. 
2) We assumed that Mariotto’s model of PSA testing practice ( 19 ), 
which we used, is about screening tests. In the construction of her 
model, all follow-up PSA tests taken after diagnosis were elimi-
nated as well as PSA tests occurring within 3 months of a previous 
PSA test. A fraction of the remaining tests might be diagnostic 
tests that were used to confi rm a suspicion for prostate cancer. The 
size of this fraction is unknown, but it would imply that the screen-
ing rate is lower than we assumed. Finally, it is clear that these 
models were not perfect in predicting observed incidence. Incidence 
as predicted by the models show a lag of 1 or 2 years with respect 
to observed incidence, and the models fail to explain fully the 
decline in distant disease. Consequently, the estimates of mean 


lead time and overdiagnosis rate will not be perfect either, although 
it is not clear in what direction they might be biased. 


 In conclusion, we have presented estimates of lead time and 
overdiagnosis from three models with different natural history 
descriptions and estimation strategies, but all applied to the US 
(SEER 9) population and used common inputs for PSA screening 
trends and pre-PSA clinical incidence. We have highlighted the 
critical roles of lead time defi nition, population context, and estima-
tion methodology. We    propose that future studies of lead time 
clearly defi ne the specifi c measure used (non-overdiagnosed, cen-
sored, and uncensored) and describe key inputs (background inci-
dence, screening protocols, biopsy compliance and sensitivity) that 
might differ across populations and hence might explain differing 
estimates of lead time and overdiagnosis associated with PSA screen-
ing. We hope that our fi ndings will help explain the substantial 
variability in the reported estimates of these important measures.     
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This study aimed to assess the mean sojourn time (MST) of prostate cancer, to estimate the probability of overdiagnosis, and to
predict the potential reduction in advanced stage disease due to screening with PSA. The MST of prostate cancer was derived from
detection rates at PSA prevalence testing in 43 842 men, aged 50–69 years, as part of the ProtecT study, from the incidence of non-
screen-detected cases obtained from the English population-based cancer registry database, and from PSA sensitivity obtained from
the medical literature. The relative reduction in advanced stage disease was derived from the expected and observed incidences of
advanced stage prostate cancer. The age-specific MST for men aged 50–59 and 60–69 years were 11.3 and 12.6 years, respectively.
Overdiagnosis estimates increased with age; 10–31% of the PSA-detected cases were estimated to be overdiagnosed.
An interscreening interval of 2 years was predicted to result in 37 and 63% reduction in advanced stage disease in men 65–69 and
50–54 years, respectively. If the overdiagnosed cases were excluded, the estimated reductions were 9 and 54%, respectively. Thus,
the benefit of screening in reducing advanced stage disease is limited by overdiagnosis, which is greater in older men.
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Prostate cancer is the most frequently diagnosed cancer in men
and the second leading cause of cancer death in men in the
industrialised world (Zhu et al, 2006). The value of screening using
prostate-specific antigen (PSA) testing is still controversial (Ilic
et al, 2006), nevertheless there is considerable asymptomatic PSA
testing in developed countries. To quantify the likely benefits and
harms of various PSA testing regimens is relevant to an under-
standing of the natural history of the disease. A crucial parameter
in early detection is the sojourn time, the period in which the
tumour is asymptomatic but detectable by screening. This
indicates the upper limit of time by which diagnosis is advanced
by screening (lead time). Accurate estimation of sojourn time
facilitates inference on the optimum interval between screens, the
likely effectiveness of screening, and the extent of overdiagnosis.
Conceptually, overdiagnosis is the diagnosis due to screening,
which would not have led to a clinical diagnosis during the lifetime
of the host had screening not taken place (Paci et al, 2004).


Mean lead times and sojourn times due to PSA screening have
been estimated in retrospective studies that used stored blood
samples obtained from individuals who were later clinically


diagnosed with prostate cancer (Stenman et al, 1994; Auvinen
et al, 2002) and in simulation studies (Draisma et al, 2003; Telesca
et al, 2008). However, there are no analytic estimates obtained
directly from screening data, and there are no estimates from the
United Kingdom. The only published UK study on overdiagnosis,
reported tentative overdiagnosis estimates attributable to increa-
sed diagnostic PSA testing rather than to screening, using
estimates of lead time from the literature (Pashayan et al, 2006).


In this study we use empirical data to estimate the age-specific
mean sojourn time (MST), the subsequent likelihood of over-
diagnosis, and the predicted potential relative reduction in
advanced stage disease following screening at different intervals.
These estimates are derived from prevalence screen-detected cases
and incidence of clinical cases using biostatistical and epidemio-
logical methodology, without formal mathematical modelling.


MATERIALS AND METHODS


Data on prevalent cases were obtained from the Prostate Testing
for Cancer and Treatment (ProtecT) study, an ongoing national
study of community-based PSA testing and randomised trial of
subsequent prostate cancer treatment (Donovan et al, 2003).
Prostate-specific antigen testing in the context of the Protect study
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is akin to prevalence screening. In this paper, we refer to ProtecT-
detected cases as PSA-detected cases.


In the ProtecT study, approximately 200 000 men between the
ages of 50 and 69 years, ascertained through randomly selected
general practices in nine regions in the United Kingdom, were
invited for enrolment. Men with concomitant or past malignancies
or other major comorbidities that precluded enrolment in the
treatment trial were excluded. Consenting eligible men were
offered a PSA test. A PSA level of 3.0 ng ml�1 was used as the
threshold for further investigation. All men with PSA X3.0 ng ml�1


were offered transrectal, ultrasound-guided biopsy using a 10-core
lateral biopsy template. Pathologic evaluation was carried out by
specialist uropathologists in each centre. All laboratories have
participated in the UK National External Quality Assessment
Service programme for PSA testing (Donovan et al, 2003).


Data on clinically detected prostate cancer cases were obtained
from the Office for National Statistics. These data included number
of registered cases in England by year of registration and 5-year
age group between 2002 and 2005. Mid-year population estimates
for England for each year from 2002 to 2005 by 5-year age groups
were obtained from the Office for National Statistics. Age-specific
incidence of clinical prostate cancer per 105 person years was
calculated. Individual-based data with information on clinical
stage and histological grade were obtained from the Eastern
Cancer Registry and Information Centre (ECRIC) – population-
based cancer registry in the East of England.


Prostate cancer was classified as localised disease with tumour –
node–metastasis (TNM; Sobin and Wittekind, 1997) stage T2 and
below; and regional-distant (advanced stage) disease with TNM
stage T3 and above.


Statistical analysis


The mathematical details and the relevant formulae are given
below. Our broad strategy, however, was as follows:


(1) Stratified by age, estimate the MST of prostate cancer, taking
account of sensitivity of testing, which we derived from the
literature.


(2) By combination of (1) with national statistics on death rates by
age, estimate the proportion of overdiagnosed tumours by age
and testing frequency, that is, those tumours, which would not
have become symptomatic before the host died of other
causes.


(3) From the sojourn time estimates, calculate the expected
proportions of screen-detected and interval cancers by age
and PSA testing frequency.


(4) From the stage distribution of PSA-detected tumours in
ProtecT and those in the general population, combined with
the results of (3) above, estimate the likely reduction in
advanced stage disease by age and testing frequency.


(5) Adjust the estimates in (4) by subtracting overdiagnosed cases
from the early disease cases (although we estimate over-
diagnosis from overall incidence, to obtain conservative
estimates of the benefit of PSA testing, we assume that all
overdiagnosed cases are localised stage).


The sensitivity of PSA test


The sensitivity of the PSA test was derived from the literature
(Bretton, 1994; Imai et al, 1994, 1995; Jubelirer et al, 1994; Stenman
et al, 1994; el-Galley et al, 1995; Higashihara et al, 1996; Brett, 1998;
Gustafsson et al, 1998; Hoffman et al, 2002; Mistry and Cable,
2003). Age-specific sensitivity values were estimated using a linear
regression analysis of reported sensitivity on age at testing and
PSA cut-off used, weighted by the number of individuals tested in
each study and age group. A clustered regression analysis was


used, allowing observations from the same study to be correlated,
but assuming independence of observations from different studies.


Mean sojourn time


The mean sojourn time, the average time spent in the preclinical
screen-detectable phase, is assumed to have exponential distribu-
tion (Day et al, 1989). The instantaneous transition rate from
preclinical to clinical disease is l. The inversion of l is the MST. If
S is the sensitivity of the screening test, P is the prevalence of
preclinical disease, and I is the annual incidence of preclinical
disease, then from Paci and Duffy (1991)


P ¼ I:S


l


If the MST is n years, one would expect to anticipate
approximately n years of disease incidence with a single screen
of a population, assuming good sensitivity (Day et al, 1989). As the
incidence of prostate cancer changes with age, for each age at
screen, MST was calculated as the number of years where the
cumulative incidence catches up with the preclinical incidence,
such that as I changes with age, let (1/l)¼ n, then we find n
such that


Xn


j¼1


Ij ¼
Pj


Sj


where Ij ¼ incidence in year of life j and j¼ 1 corresponds to age
at screen.


The 95% confidence intervals (CI) on the MST were estimated
from the 95% CI on P assuming a Poisson distribution of
prevalence and assuming that the sensitivity did not contribute
mutually to the variation.


Probability of overdiagnosis


The probability of overdiagnosis, probability that a PSA-detected
case would have taken longer than the remaining lifetime to
progress to clinical cancer, can be estimated as


e�lt


where t is the expected remaining lifetime (Paci et al, 2004). Using
expected remaining lifetimes for the UK male population in 2003–
05, and estimates of age-specific sojourn time, age-specific
probabilities of overdiagnosis were calculated.


The 95% CI on the probability of overdiagnosis were estimated
from the 95% CI values of l.


Relative reduction in advanced stage disease by PSA
screening


Here we define clinical disease as the disease detected in the
absence of screening and preclinical disease as that detected
by screening. Using the approach of Launoy et al (1998), the
probability of diagnosing prostate cancer at screening in a
population subjected to screening (as opposed to the disease
arising clinically as an interval cancer) was derived. This estimate
is often referred to as the programme sensitivity (ps) and depends
on the screening sensitivity, the sojourn time, and the interval
between screens such that


ps ¼ Sð1 � e�lrÞ
ðlrð1 � ð1 � SÞe�lrÞ


where r¼ interval between screens
The 95% CI on the estimated ps was calculated using the Delta


method.
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Knowing the proportions of preclinical and clinical localised
stage prostate cancer from the ProtecT and ECRIC databases,
respectively, and the probability of diagnosing prostate cancer at
screening, it is possible to estimate the expected proportion of
localised disease E(pl) following screening. E(pl) is the sum of the
proportion of localised disease detected by screening and the
proportion of localised disease among interval cases


EðplÞ ¼ ðpls � psÞ þ ðplcð1 � psÞÞ


where pls proportion of localised disease detected by screening;
and plc proportion of localised disease detected clinically. We
estimated plc from the ECRIC data. The expected proportion of
advanced disease is E(pa)¼ 1�E(pl). The relative reduction in
advanced disease following screening is


RRa ¼ EðpaÞ
OðpaÞ


where O(pa) is the observed proportion of advanced disease
detected clinically, also estimated from the ECRIC data. Assuming
that overdiagnosis occurs only in the prevalence screening and
only applies to localised disease, the relative reduction in advanced
disease following screening was estimated after excluding the
proportion of overdiagnosed cases.


The 95% CIs on the expected RRs of advanced stage disease were
calculated using repeated application of the Delta method to the
estimated components, assuming that the proportions with
advanced stage disease were binomially distributed. To render
tractable the estimation of CIs, we had to constrain at least one
estimate as a fixed value and so with PSA test sensitivity as the
published estimates were based on large numbers and the standard
error would therefore have been very small. Further details of the
interval estimation are available from the authors (SD, NP).


RESULTS


The average uptake of PSA testing within ProtecT was 48% in
response to single invitation; 11% of men had an abnormal PSA
result, of whom approximately 12% refused biopsy. Between
1 January 2002 and 31 December 2005, 43 842 men were tested. Of
those, 1544 (3.5%) were identified with prostate cancer. Table 1
shows the number of persons tested and cases diagnosed by age
and stage. The mean age (s.d.) of diagnosis was 62.0 (4.9) years. Of
the PSA-detected cancers, 87% were localised. In England, in the
same period, 42 850 men, aged 50–69 years, were registered with
clinically detected prostate cancer and 27% of the cases presented
with advanced stage disease (ECRIC data; Table 1).


Appendix A summarises the studies used to derive the
sensitivity of PSA test at cut-off of 3.0 ng ml�1. Using these, we
estimated mean sensitivity for the PSA cut-off of 3.0 ng ml�1 for
each age group, and from these, the MST by age. Results are shown
in Table 2. The estimated MSTs were 11.3 and 12.6 years for men
aged 50– 59 and 60– 69 years, respectively.


The probability of overdiagnosis of screen-detected prostate
cancer increased with age, from 10% (95% CI 7–11%) for the age
group 50– 54 to 31% (95% CI 26– 32%) for the age group 65– 69
(Table 3). The lower estimates of overdiagnosis at earlier ages
reflect the greater life expectancy within which the disease could
become symptomatic. Overall, 8 out of 1000 men aged 50–69 years
undertaking PSA testing are likely to be overdiagnosed.


Table 4 shows the estimates of the proportion of prostate cancer
that could be identified at screening, by age group and
interscreening interval. For an interscreening interval of 2 years,
the proportion of cases detected by screening varied from 86 to
92% for the age groups 50–54 to 65– 69, respectively. Increasing
the interscreening interval to 10 years, the proportion of cases
identified decreased; 55 and 66% for the age groups 50– 54 and
65–69, respectively.


The corresponding estimated relative risks of advanced stage
prostate cancer are shown in Table 5. For different interscreening
intervals, as age increased, the percentage reduction in advanced
stage disease decreased. After accounting for overdiagnosis, the
percentage reduction in advanced stage disease was smaller. The
greatest reductions were estimated for the youngest group, 50 –54,
ranging from 34% (95% CI 26–42%) for 10-yearly screening
starting in this age group to 54% (95% CI 41– 65%) for 2-yearly
screening. The smallest reductions were seen in the age group 65–
69: 6% (95% CI 2–10%) and 9% (95% CI 0–17%) reduction with
interscreening intervals of 10 and 2 years, respectively. The
reduction in advanced stage disease was more strongly dependent
on the interscreening interval for younger age groups, due to the
lower test sensitivity in these age groups.


In other way, the findings indicate that potentially, 1.4, 1.8, and
2 advanced stage cancers could be avoided per 1000 men, aged
50–69 years, undertaking PSA testing at 10, 5, and 2 years inter-
vals, respectively. After accounting for overdiagnosis, the potential


Table 1 Number of persons screened, prostate cancers detected by age
and stage, including percentages of late stage cases based on the ProtecT
study, and the corresponding percentages for clinical prostate cancers from
the Eastern Cancer Registry and Information Centre (ECRIC), 2002–2005


Age group


Quantity 50–54 55–59 60–64 65–69 Total


Number of persons screeneda 12 092 13 787 10 060 7903 43 842
Total cancers detecteda 136 347 498 563 1544
Localised stage cancers detecteda 125 310 430 460 1325
Advanced stage cancers detecteda 9 35 61 95 200
Stage unknowna 2 2 7 8 19
% Advanced stage (preclinical)a 6.6 10.1 12.2 16.9 13.0
% Advanced stage (clinical)b 26.1 22.5 27.9 28.7 26.9


aData derived from ProtecT study. bData derived from ECRIC.


Table 2 Estimates of sensitivity, mean sojourn time, transition rates, and 95% confidence intervals (CI) by age group, based on prevalence screening
cancers and registered incident clinical cases, England, 2002–2005


Age group


50–54 55–59 60–64 65–69


PSA test sensitivity 0.70 0.76 0.83 0.90
Prevalence of preclinical prostate cancer per 105 men 1124.7 2516.9 4950.3 7123.9


Cumulative incidence of prostate cancer per 105 person-years
Pn


j¼1


Ij ¼ P
S 1606.7 3303.0 5981.4 7897.9


Mean sojourn time (years) (95% CI) 11.3 (10.4–12.2) 11.3 (10.8–12.2) 12.6 (11.8–13.4) 12.6 (11.2–13.5)
Transition rate (preclinical to clinical) (95% CI) 0.088 (0.082–0.096) 0.088 (0.082–0.093) 0.079 (0.075–0.085) 0.079 (0.074–0.089)


Abbreviation: PSA¼ prostate-specific antigen.
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number of avoided advanced cancer would be reduced to 0.7, 0.9,
and 1 per 1000 PSA-tested men, respectively.


DISCUSSION


There is considerable opportunistic PSA testing activity ongoing in
the developed world. Although randomised trial evidence on the
effect of such testing on mortality from prostate cancer is not yet
available, trials will be reported in the near future. It is therefore
appropriate to address implementation issues such as different
frequencies of testing and the likely benefits and harms, notably
the reductions in advanced disease and the rates of overdiagnosis.
For the latter purposes it is necessary to estimate the sojourn time,
that is, the potential lead time achieved.


We have demonstrated a simple approach to estimate sojourn
time, and overdiagnosis from prevalence screening and population
incidence data. Our method of estimation of the MST takes account
of the changing underlying incidence with age. Our results suggest
that for men aged 50–69 years, the MST of prostate cancer is
between 11.3 and 12.6 years. These findings are in line with
estimates obtained from studies of prevalence to incidence ratios
(Etzioni et al, 1998; Auvinen et al, 2002), and simulation models
(Draisma et al, 2003; Pinsky et al, 2006). Etzioni et al (1998) reported
average sojourn time of 11.6 years using prevalence estimates based
on autopsy studies and the age-specific incidence of clinical disease
from Surveillance Epidemiology, and End Results. Auvinen et al
(2002) estimated mean lead time and then inferred the MST,


assuming that cancers in the first round of screening are detected on
average in the midpoint of the MST. The estimates of Auvinen et al
(2002), based on 292 cases derived from the Finnish screening trial
and expected incidence of prostate cancer, were 14.4 years (based on
age-adjusted expected incidence) and 9.3 years (based on age-
cohort-adjusted expected incidence). Draisma et al (2003), using
microsimulation modelling based on 151 screen-detected cases
derived from the results of the Rotterdam section of the European
Randomised study of Screening for Prostate Cancer (ERSPC),
showed MST of 12.7 years (range 12.1–14.2 years). However,
Draisma et al (2003) estimated the MST as the time from screen
detection to either clinical diagnosis in the absence of screening or
to death by other causes. Pinsky et al (2006) estimated MST of 16
years among the participants of the control arm of the Prostate
cancer Prevention Trial using convolution model; this higher value
could be related to adopted broader definition of clinical cases that
included men with positive digital rectal exam findings.


In our study, MST did not vary with age in the age range 50– 69
years. The estimates of MST reported by Auvinen et al (2002), for
the ages at screening between 55 and 67 years, did not vary with
age; the age-specific values ranged from 15.8 to 14.6 years and 9.8
to 8.5 years (depending on the reference rates used). On the other
hand, Etzioni et al (2008) derived simulation-based estimates
showing decreasing MST with age, with estimates of 13.7 years
(range 12.9–14.5 years) for 50–59 years and 9.1 years (range 8.7–
9.6 years) for 60– 69 years. This estimate of MST is based on
screen-detected cancers that would progress to clinical disease
within the lifetime of individuals. This could account for the


Table 3 Expected remaining lifetime and probability of overdiagnosis and 95% confidence intervals (CI) by age group


Age group


50–54 55–59 60–64 65–69


Expected remaining lifetime (years)a 27.3 23.0 18.9 15.2
Probability of overdiagnosis (95% CI) 0.10 (0.07–0.11) 0.15 (0.12–0.15) 0.23 (0.20–0.24) 0.31 (0.26–0.32)


aBased on life table on UK males, 2003–2005, produced by the Government Actuary’s Department.


Table 4 Estimated proportion of prostate cancer to be diagnosed by screening and 95% confidence intervals (CI) by age group for different interscreening
intervals


Proportion of prostate cancer identified by screening


Age group


50–54 55–59 60–64 65–69


10-year screening interval (95% CI) 0.55 (0.52–0.57) 0.58 (0.56–0.59) 0.63 (0.61–0.64) 0.66 (0.63–0.68)
5-year screening interval (95% CI) 0.71 (0.69–0.73) 0.74 (0.73–0.75) 0.78 (0.77–0.79) 0.80 (0.79–0.82)
2-year screening interval (95% CI) 0.86 (0.85–0.87) 0.88 (0.87–0.88) 0.90 (0.90–0.91) 0.92 (0.91–0.92)


Table 5 Predicted relative risk of advanced stage prostate cancer and 95% confidence intervals (CI) by age group and interscreening interval, with and
without accounting for overdiagnosis


Relative risk of advanced stage


50–54 55–59 60–64 65–69


Assuming no overdiagnosis
10-year screening interval (95% CI) 0.60 (0.52–0.70) 0.68 (0.60–0.77) 0.64 (0.58–0.71) 0.73 (0.66–0.81)
5-year screening interval (95% CI) 0.48 (0.38–0.61) 0.59 (0.49–0.70) 0.56 (0.48–0.64) 0.67 (0.59–0.77)
2-year screening interval (95% CI) 0.37 (0.25–0.54) 0.51 (0.40–0.65) 0.49 (0.40–0.59) 0.63 (0.54–0.74)


Accounting for overdiagnosis
10-year screening interval (95% CI) 0.66 (0.58–0.74) 0.77 (0.70–0.83) 0.79 (0.75–0.83) 0.94 (0.90–0.98)
5-year screening interval (95% CI) 0.55 (0.46–0.66) 0.70 (0.62–0.79) 0.74 (0.68–0.80) 0.92 (0.87–0.97)
2-year screening interval (95% CI) 0.46 (0.35–0.59) 0.64 (0.55–0.75) 0.70 (0.64–0.76) 0.91 (0.83–1.00)
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observed decrease in MST with age. In our study, while estimating
MST we did not exclude overdiagnosed cases. Our slightly longer
estimates of sojourn time in the 60– 69 age group are consistent
with the higher prevalence of prostate cancer at older age.


As there will be some asymptomatic PSA testing in the
population, our sojourn times and overdiagnosis rates may be
underestimated. In a sensitivity analysis, based on the findings of
Pashayan et al (2006), we estimated the expected number of men in
England undertaking PSA testing and the proportion of the
prostate cancer diagnosis following PSA testing. Re-estimating
MST, after excluding those cases from the incidence data obtained
from ONS, increased the sojourn time by only 0.1 year. Any bias in
overdiagnosis rates is similarly likely to be small.


Our estimates of MST were derived from prevalence and
incidence data, taking into account the sensitivity of the PSA test
estimated from external data. Simultaneous derivation of the MST
and sensitivity of the PSA test would be preferable. As sensitivity of
PSA could not be derived from the ProtecT study, due to absence
of data on interval cancers, age-specific sensitivity values were
derived from the medical literature. We have estimated an overall
PSA test sensitivity of 80%, which is comparable to Hakama et al
(2007) estimate of 85% using the incidence method and based on
randomised prostate cancer screening trial in Finland.


Published PSA sensitivity values were based on sextant biopsy.
In the ProtecT study, PSA-detected cases were identified with 10-
core biopsy, which is known to have higher detection rate
(Stamatiou et al, 2007). Thus it is likely that the sensitivity values
we have used are underestimates, in which case, the derived MST
values are likely to be overestimates.


Our results suggest that overdiagnosis increases with age, partly
due to our assumption of a homogeneous model of sojourn time
within each age group, and to the fact that the observed prevalence
to incidence ratio was similar in all age groups. Because of this, the
long sojourn time estimated for all age groups means that the older
subjects are more likely to die of other causes before symptomatic
diagnosis. In future we plan to model the sojourn time as a mixture
of populations within each age group. This may give more
substantial overdiagnosis estimates at younger ages.


We estimated that 10– 31% of the screen-detected cases would
not have been diagnosed in the absence of screening. Here we have
defined overdiagnosis as the detection of tumours, which would
never have been diagnosed in the absence of screening (Paci et al,
2004). There are other measures, such as the number of tumours
detected, which did not result in saving of life (McGregor et al,
1998). The latter estimate would be a higher proportion of tumours
than that estimated using our definition (Frankel et al, 2003). This
quantity will be the subject of future research on this cohort.
Draisma et al (2003) reported higher estimates (27–47%) for ages
55–67 years, but apply specifically to the 1991 situation in the
Netherlands with respect to clinical detection of prostate cancer.
Telesca et al (2008), defining probability of overdiagnosis for a
screen-detected case as the probability of dying of other causes
during the lead time and using simulation modelling, reported
3–14% overdiagnosis. However, these estimates were for a
simulated mean lead time of 4.5 years.


Our results indicate that with a 2-year screening interval, 85% of
prostate cancer cases could be screen detected. The estimated
benefit from screening, in terms of reducing advanced stage
disease, ranged from 37% at ages 65–69 years to 67% at ages


50–54 years. When excluding overdiagnosed cases, the estimated
benefit was further reduced to 9 and 54% for the age groups 65– 69
and 50–54 years, respectively. Etzioni et al (2008), in a population-
based simulation model, projected a 52% decline in distant stage
incidence with PSA screening.


Further research is needed to assess the implications of stage shift
on mortality reduction. ERSPC (Draisma et al, 2003), Prostate,
Lung, Colorectal and Ovarian Cancer Screening Trial (Andriole
et al, 2005), and the Comparison Arm for ProtecT (Metcalfe et al,
2008) in the upcoming years will provide a definite answer on the
benefits of prostate cancer screening in reducing mortality.


The figures in Table 5 suggest that screening at later ages (in
particular from age 65) may have only a minor effect on incidence of
advanced stage disease after taking overdiagnosis into account.
They also suggest that the frequency of screening becomes less
influential on the incidence of advanced disease with increasing age.
This is apparently a result of poorer screening sensitivity rather than
shorter sojourn time in the younger age groups. Another target for
future research is estimation of the absolute benefit of screening at
different ages, and the absolute incremental benefit of screening at
earlier ages in addition to later ages. For example, for the men aged
65–69 years at screening in our study, what would have been the
additional benefit of a screen 5 years earlier?


Our estimates were based on1544 PSA-detected cases, and on a
testing strategy that had a PSA cut-off of 3 ng ml�1 and 10-core
biopsy. Though there is no screening programme in the United
Kingdom, there is ad hoc PSA testing (Pashayan et al, 2006). Thus,
our incidence data also included patients diagnosed by PSA
testing, although not in the context of formal screening. Incidence
data depend on the frequency of PSA testing, prostate biopsy, and
the biopsy protocol. Despite these limitations, our estimates are
broadly comparable to published estimates derived from Europe
and the United States of America.


In the absence of a screening programme and ongoing ad hoc
PSA testing in the United Kingdom, our findings give indications
to the natural history of prostate cancer and have implications for
design of demonstration projects and research studies, pending the
results from randomised controlled screening trials. Our results
indicate that for men aged 50 –69 years, the MST does not vary
with age. The proportion of cases that can be detected by screening
increases with age. However, the benefit of screening in reducing
advanced stage disease is limited by overdiagnosis, which is
greater at older ages.
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Appendix A


Description of the studies used to derive age-specific sensitivity of PSA test


Paper Age Study size
PSA cut-off
(ng ml�1)


Sensitivity
% Study setting


Stenman et al (1994) Retrospective analysis of serum PSA in case–control study (Finland)
54 5912 3 58
71 1292 3 55
54 5912 4 58
71 1292 4 55


el-Galley et al (1995) Linking PSA to prostate biopsy data (USA)
45 168 4 20
55 868 4 80
65 1929 4 84
75 1402 4 87


Hoffman et al (2002) Community-based, linking PSA to prostate biopsy in ROC analysis (USA)
55 466 3 89
75 825 3 93
65 1153 3 89
65 1153 3 89
75 825 4 90
45 176 4 75
65 1153 4 84


Mistry and Cable (2003) Meta-analysis
Bretton (1994) 65 1027 4 67 Community-based study linking PSA to prostate biopsy data (USA)
Jubelirer et al (1994) 68 142 4 100 Community based study with 1-year follow-up (USA)
Imai et al (1994) 64 1680 4 73 Mass screening with PSA (Japan)
Imai et al (1995) 65 3276 4 80 Mass screening with PSA (Japan)
Higashihara et al (1996) 71 701 4 92 Clinical trial – ROC analysis (Japan)
Gustafsson et al (1998) 63 1782 4 80 PSA offered to randomly selected men (Sweden)
Brett (1998) 65 211 4 67 General-practice-based linking PSA to prostate biopsy result (Australia)
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, while exposure data are extremely limited and flawed, particularly for the workers at the site, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by increasing cell proliferation following  exposure to generating DNA-reactive substances.  , increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion frorm burning jet fuel, heating oil, transformer oil and gasoline (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from initial and persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). These documented symptoms belie the exposure data that was collected which indicated that the exposures to materials like PAH  were below exposure limits.  However, as detailed below these exposure estimates were deeply flawed, particularly for the responders working at the site and who worked or lived in smoke plumes for any significant time.  Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by Butt et al, 2004 , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days and hours  worked, specific jobs performed,particularly those who worked in areas of smoldering fires, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin or lavaged into the lungs of experimental animals. PAHs are produced by combustion of wood, coal and any other carbonaceous materials.  , and PAH are important causes of occupational lung cancer among tobacco smokers, coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination as complex mixtures and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). In addition, the PAH-containing mixture,  coal tar pitch volatiles, is listed as an A1 carcinogen by ACGIH(ACGIH 2011).   PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs excreted  in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included the burning of about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters of fuel oil  and approximately the same amount of gasoline plus any and all burning items. 	Comment by ACS User: Something missing here?

Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001.  While, it was reported that PAH levels from the fires after 9/11 were among the highest ever reported from an outdoor sources (Pliel et al, 2004), the levels were lower than occupational exposure limits and appeared to make the case that there was not an excessive exposure.    Unfortunately, the samples were stationary area samples designed not to estimate exposures of workers on the pile, but the levels at or near ground level at the pheriphery to capture what might be leaving the site. ,It is documented that when area samples are not designed to capture the worst exposure case, they can underestimate  personal worker exposure by from 3 to 40-fold(Astrakianakis, Seixas et al. 2006; Mehta, Wang et al. 2008).  [to be continued by Glenn].  The vertical velocity of the smoke from the fires at the site would be the major reason that samples anywhere from 4-6 blocks from the pile itself would be lower than the personal exposures of the workers on the pile.  As the authors state in their paper, “…workers engaged in the cleanup efforts could have been exposed to much higher levels of PAHs than those in our samples and, thus, could bear higher cancer risks.  Indeed, another set of samples taken 13 blocks from the pile were approximately 50% lower than the average of the 3 sites at the fence line.  Pliel et al also did not report  whether there were any consistent differences in PAH levels between the 3 fence line sites  which would have occurred if there were spatial differences consistent with wind patterns or absolute distance from the pile.  



The analysis of PAH levels by Pliel et al (2004)  in PM2.5 was also retrospective and opportunistic.  Analysis was limited completely to PAH remaining in the particulate phase captured on filters and not intended specificallyfor PAH analysis.   Thus, any PAH in the vapor phase would not have been included in the analysis.  Burstyn et al (2002) reported that the PAH in the vapor and particulate phases contributed equally to total PAH exposure in other workers.  



Pliel et al used non-linear regression to estimate the levels of PAH exposure on September 11, 2001 from the sampling data tha was collected beginning September 16, 2001. They estimate that maximal exposure would have been 35 ng.m3 .  Butt et al 2004 measured the PAH levels in window films from buildings that varied in distances and orientation from the ground zero pile.  They reported that upwind sites greater than 2 km from the pile had levels of 6000 ng.m2 .  This could be considered background.  In contrast , those sites that were within 1km averaged 77,100ng/m2, and those within 1 km and downwind from the site averaged 130,000 ng/m2.  While these data cannot be used for exposure estimates they do give an indication of the variation due to proximity and whether or not an window was in the overall plume.  



Thus, it would appear that the PAH exposure estimates taken fromt eh area samples probably underestimated the exposure of worker s on the pile.  The magnitude of the underestimation is impossible to estimate but indications are that it could be an order of magnitude or greater.  



When done appropriately biological monitoring can be a very useful in estimating exposure.  Biomonitoring integrates exposure by all routes, inclduding the use or misuse of personal protective equipment.  Biomonitoring can also be used to reconstruct exposures provided the half life of the biomarker and the time since the last exposure is documented.  The half life for the most widely used PAH biomarker , 1-hydroxypyrene (1HP) is effectively ~ 24 hours for persons without chronic exposure ((Godschalk, Ostertag et al. 1998; ACGIH 2011). This means that 1HP largely represents the exposure of only the last 24 hours.   Biological samples for PAH were also taken for exposure analysis (Edelman et al, 2003).  Unfortunately these samples were obtained for 365 firefighters 22-24 days after 9/11/01.  Assuming that the shape of the exposure curve estimated by Pliel et al (2003)are correct  (however, as discussed above, the absolute values are likely underestimated for workers on the pile), then the 1HP levels measured are estimates of exposures  that were much, much lower than the peaks that occurred 9/11-9/14.  Nonetheless, the 1HP levels remained significantly increased over  what was seen in firefighters who were not at the WTC site.  Since more that 99.99% of the 1HP resulting from exposures immediately after 9/11 would have been eliminated well before the samples were collected, the Edelman data cannot be used to estimate exposure for that time.  Rather they will reflect the exposure during the previous 24 hour period.  The other shortcoming of the Edelman paper was that thee was no indication of when the samples were taken relative to the person’s last exposure.  In addition, there is not indication of the distribution of the data within the groups and only the mean data are given without an idea of the variance.  The important questions, namely, were there some individuals with higher exposure in the previous 24 hours and what tasks did they perform, cannot be addressed either since this information is not provided.



There are also concerns that PAH may have been adsorbed unto  particulates and form large masses in the lung from which the PAH would only be slowly absorbed into the body(Gerde, Medinsky et al. 1991).  Unfortunately the data provided by Edelman et al cannot be used to determine if this possibility was in fact real since only one sample was collected from each worker.  





Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

Polychlorinated biphenyls (PCBs) were present in the transformer oil in the electrical power substation that was located in the World Trade Center.  A large number of chemically different “congenders” which contain different amounts of chlorine substituted at different places in the biphenyl rings are treated as the same material their toxicity is not dissimilar (there is a difference in toxicity in those that are 42% chlorine by weight as opposed to those that are 54%).  Lorber 2007 noted that of the 100s of samples obtained for PCBs only 1 sample was above 100 ng/m3 and only 3 were great4er than 50 ng/m3.  Air levels were said to be reduced fairly quickly to “normal” ambient urban levels of 1-8 ng/m3.  This might be expected since PCBs have an extremely low vapor pressure.   Once absorbed, PCBs have a fairly long half life in the body so biomonitoring should capture the exposure.  Edelman et al sampled for 31 PCB congenders 21 days after 9/11 and found  that there was not a statistically significant difference between any of the mean values of firefighters on or who never entered the GZ site.  On the other hand, Dalgren 2007 saw that certain PCB levels were markedly elevated in the sera of 7 first responders .    For example, all 7 were above the median value of the CDC NHANES study, 3 were above the 75th percentile, 2 above the 90th and one above the 95thpercentile.   For several measured congenders the 2 highest firefighters had levels above the NHANES detection limit, where 95% of the unexposed population was below it.  These data indicate that the sera of at least some   first responders were elevatedrelative to the general population.  If there is a “good” sie to these agents.it is that they are are persistent and elevated levels can be measured after the exposure.  



Dioxin-like compounds  were present at elevated levels in the air immediately after 9/11/01.  These compounds are formed when chlorinated plastics like PVC are burned under certain conditions of temperature, oxygen and pressure.  The levels of dioxin and dioxin like compounds (furans and various congenders) were markedly elevated in initial area samples taken at the periphery of the WTC site (Ground Zero, GZ).  (Please see the discussion of PAH for the limitations of these samples to estimate exposure for those at GZ itself.)  At least 6 samples taken in late September or  early October yielded levels of total TCDD equivalents greater than 100 pg TEQ/m3, with the highest levels measured being 170 pg TEQ/m3 .  These were the highest ambient levels ever recorded.  (Lorber et al,  2007).  In comparison, typical urban ambient measurements or apporoximately 0.1 pgTEQ/ m3 and levels  reported downwind from incinerators are on the order 1-5 pgTEQ/ m3.  This would indicate substantial exposure to dioxin-like compounds.  The USEPA did not find elevated levels of TCDD in house dusts.   

Dioxins have relatively long half lives in the human body; for TCDD half life is estimated to be 7 years(MMWR, 1988).  Edelman et al, 2004 measured 15 dioxin like compounds in the sera of ~350 firefighters .  Only one congender was higher in the exposed firefighters compared to those who did not enter the site.  The mean values were 27.8 ppt for all on site firefighters, 30.1 ppt for those present at the collapse, 26.2 ppt for those arriving after the collapse (day 1 and 2) and 30.6 ppt for those in Special Operations Command.  Firefighters not at the site had and average level of 19.2 ppt.  There was no increase in TCDD levels compared to controls (please see PAH discussion for the limitations of the data presented in Edelman et al, 2004).  In contrast, the average levels reported for ~1,250 Ranch Hands  10 years after Vietman was 49 ppt and ranged to 313 ppt.   This work reported that 20 ppt was the highest level generally seen in the general population.  Again, no significant increase in TCDD levels were reported by Edelman, et al 2004.   





d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

[bookmark: _GoBack](Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones, but this has not been addressed extensivelyobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated

Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.



[bookmark: _ENREF_5]

Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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TABLE 5
Summary of Likelihood of Cancer Risk and Summary Risk Estimate (95% CI) Across All Types of Studies for All Cancers


Cancer Site
Likelihood of Cancer


Risk by Criteria
Summary Risk


Estimate (95% CI) Comments


Multiple
myeloma


Probable 1.53 (1.21–1.94) Consistent with mSMR and PMR (1.50, 95% CI � 1.17–1.89)
Based on 10 analyses
Heterogeneity—not significant at the 10% level


Non-Hodgkin
lymphoma


Probable 1.51 (1.31–1.73) Only two SMR and another PMR studies
Slightly higher than mSMR and PMR (1.36, 95% CI � 1.10–1.67)
Based on eight analyses
Heterogeneity—not significant at the 10% level


Prostate Probable 1.28 (1.15–1.43) Consistent with mSIR (1.29, 95% CI � 1.09–1.51)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Testis Possible 2.02 (1.30–3.13) Slightly higher than mSIR (1.83, 95% CI � 1.13–2.79)
Based on four analyses
Heterogeneity—not significant at the 10% level


Skin Possible 1.39 (1.10–1.73) Slightly lower than mSMR and PMR (1.44, 95% CI � 1.10–1.87) – derived
on basis of PMR studies


Based on eight analyses
Heterogeneity—not significant at the 10% level


Malignant
melanoma


Possible 1.32 (1.10–1.57) Slightly higher than mSMR and PMR (1.29, 95% CI � 0.68–2.20)
Based on 10 analyses
Heterogeneity—not significant at the 10% level


Brain Possible 1.32 (1.12–1.54) Slightly higher than mSMR and PMR (1.27, 95% CI � 0.98–1.63)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was


heterogeneity among SMR studies
Rectum Possible 1.29 (1.10–1.51) Slightly lower than mSMR and PMR (1.39, 95% CI � 1.12–1.70)


Based on 13 analyses
Heterogeneity—not significant at the 10% level


Buccal cavity
and pharynx


Possible 1.23 (0.96–1.55) Slightly higher than mSMR (1.18, 95% CI � 0.81–1.66)
Based on nine analyses
Heterogeneity—not significant at the 10% level


Stomach Possible 1.22 (1.04–1.44) Lower than mSIR (1.58, 95% CI � 1.12–2.16)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Colon Possible 1.21 (1.03–1.41) Slightly lower than mSMR and PMR (1.31, 95% CI � 1.08–1.59)
Based on 25 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR and PMR studies
Leukemia Possible 1.14 (0.98–1.31) Similar to mSMR and PMR (1.14, 95% CI � 0.92–1.39)


Based on eight analyses
Heterogeneity—not significant at the 10% level


Larynx Unlikely 1.22 (0.87–1.70) Higher than mSMR (0.58, 95% CI � 0.25–1.15)
Based on seven analyses
Heterogeneity—not significant at the 10% level


Bladder Unlikely 1.20 (0.97–1.48) Similar to mSMR and PMR (1.24, 95% CI � 0.83,1.49)
Based on 11 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies
Esophagus Unlikely 1.16 (0.86–1.57) Higher than mSMR (0.68, 95% CI � 0.39–1.08)


Based on eight analyses
Heterogeneity—not significant at the 10% level


Pancreas Unlikely 1.10 (0.91–1.34) Slightly higher than mSMR (0.98, 95% CI � 0.75–1.26)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Kidney Unlikely 1.07 (0.78–1.46) Similar to mSMR and PMR (1.23, 95% CI � 0.94–1.59)
Based on 12 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies
(Continued)
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SIR � 1.39, 95% CI � 0.2–5.0; 11
to 20 years: SIR � 4.03, 95% CI �
1.3–9.4. In those exposed greater
than 20 years, the risk estimate re-
mained elevated but declined (SIR �
2.65, 95% CI � 0.3–9.6), possibly
because testicular cancer generally
occurs at a younger age. Bates et al30


argued that, although the reason for
the excess risk of testicular cancer
remained obscure, the possibility that
this is a chance finding was low
because incident studies are likely
the most appropriate methodology
for a cancer that can be successfully
treated.


The 1990 findings of Howe and
Burch4 showing a positive associa-
tion with brain cancer and malignant
melanoma are compatible with our
results because both had significant
summary risk estimates. Brain can-
cers were initially scored as probable
but then downgraded to possible (Ta-
ble 5). There was inconsistency
among the SMR studies, which re-
sulted in the use of the random-
effects model, yielding confidence
limits that were not significant
(SMR � 1.39, 95% CI � 0.94–2.06)
(Table 2). This inconsistency primar-
ily resulted from the Baris et al
study,13 a 61-year follow up of 7789
firefighters demonstrating a marked
reduction in brain cancer (SMR �
0.61, 95% CI � 0.31–1.22). As


noted in Table 4, however, there
were elevated, but not significant,
risk estimates across all studies, ie,
mSMR, mPMR, mRR, and mSIR.
This consistency is all the more re-
markable given the diversity of rare
cancers included in the category
“brain and nervous system.” Further-
more, there was a 2003 study by
Krishnan et al65 published after our
search that examined adult gliomas
in the San Francisco Bay area of men
in 35 occupational groups. This
study showed that male firefighters
(six cases and one control) had the
highest risk with an odds ratio of
5.93, although the confidence inter-
vals were wide and not significant. In
addition, malignant melanoma was
also initially scored as probable but
was downgraded to “possible” due to
study type. This study downgrade
was related to the negative SMR (�)
and reliance primarily on a PMR
study. Thus, in conclusion, our study
supports a probable risk for multiple
myeloma, similar to Howe and
Burch’s4 findings, and a possible
association with malignant mela-
noma and brain cancer.


Summary
We implemented a qualitative


three-criteria assessment in addition
to the quantitative meta-analyses.
Based on the more traditional quan-


titative summary risk estimates
shown in Table 5, 10 cancers, or half,
were significantly associated with
firefighting. Three cancers were des-
ignated as a probable risk based on
the quantitative meta-risk estimates
and our three criteria assessment.
These cancers included multiple my-
eloma, non-Hodgkin’s lymphoma,
and prostate. A recommendation is
also made, however, for upgrading
testicular cancer to “probable” based
on the twofold excess summary risk
estimate and the consistency among
the studies. Thus, firefighter risk for
these four cancers may be related to
the direct effect associated with ex-
posures to complex mixtures, the
routes of delivery to target organs,
and the indirect effects associated
with modulation of biochemical or
physiologic pathways. In anecdotal
conversations with firefighters, they
report that their skin, including the
groin area, is frequently covered with
“black soot.” It is noteworthy that
testicular cancer had the highest
summary risk estimate (2.02) and
skin cancer had a summary risk esti-
mate (1.39) higher than prostate
(1.28). Certainly, Edelman et al3 at
the World Trade Center, although
under extreme conditions, revealed
the hazards that firefighters may en-
counter only because air monitoring
was performed.


TABLE 5
Continued


Cancer Site
Likelihood of Cancer


Risk by Criteria
Summary Risk


Estimate (95% CI) Comments


Hodgkin’s
disease


Unlikely 1.07 (0.59–1.92) Higher than mSMR (0.78, 95% CI � 0.21–2.01)
Based on three analyses
Heterogeneity—not significant at the 10% level


Liver Unlikely 1.04 (0.72–1.49) Similar to mSMR (1.00, 95% CI � 0.63–1.52)
Based on seven analyses
Heterogeneity—not significant at the 10% level


Lung Unlikely 1.03 (0.97–1.08) Similar to mSMR and PMR (1.05, 95% CI � 0.96–1.14)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was


heterogeneity among PMR studies
All cancers Unlikely 1.05 (1.00–1.09) Similar to mSMR and PMR (1.06, 95% CI � 1.02–1.10


Based on 25 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies


CI indicates confidence interval; SMR, standardized mortality ratio; PMR, proportional mortality ratio; SIR, standardized incidence ratio.
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Table 5.  WTC Human Carcinogens with established mechanistic events for tumor sites (or types) for which there is sufficient evidence in humans (adapted from IARC Monograph Working Group, 2009)



		

WTC Human Carcinogen

		Tumor sites (or types) for which there is sufficient evidence in humans



		Other sites with

limited evidence 

in humans 

		[bookmark: _GoBack]

Established mechanistic events



		Arsenic and Inorganic 

arsenic compounds



		Lung, skin, urinary bladder

		Kidney, liver, prostate

		Oxidative DNA damage, genomic instability, aneuploidy, gene amplication, epigenetic effects, DNA-repair inhibition leading to mutagenesis



		Asbestos (chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite)

		Lung, mesothelioma, larynx, ovary

		Colorectum, pharynx, stomach

		Impaired fiber clearance leading to macrophage activation, inflammation, generation of reactive oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic alteration, activation of signaling pathways, resistance to apoptosis 



		Beryllium and beryllium compounds

		Lung

		--

		Chromosome aberrations, aneuploidy, DNA damage



		Cadmium and Cadmium compounds

		Lung

		Prostate, kidney

		DNA-repair inhibition, disturbance of tumor-suppressor proteins leading to genomic stability



		Chromium (VI) compounds

		Lung

		Nasal cavity and paranasal sinuses

		Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, aneuploidy, cell transformation



		Nickel compounds

		Lung, nasal cavity, and paranasal sinuses

		--

		DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, alteration of DNA methylation, histone modification



		Silica dust, crystalline in the form of quartz or crystobalite

		Lung

		--

		Impaired particle clearance leading to macrophage activation and persistent inflammation









Tl . WTC W g it et mchrisic et e s o o for i there sl

[ —

it

s

ek oo i i

o o o DG

i ey






image12.emf
Mech of Carc and  role of Inflamm JQ edits.docx


Mech of Carc and role of Inflamm JQ edits.docx
II. Mechanisms of carcinogenesis and role of inflammation

Overview of Carcinogenesis

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data

Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 

Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).

Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation

Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 

 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  

Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 

Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).

WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes

A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals [Caplan et al.,].  Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al.,].

[bookmark: _GoBack]Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels. 
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the risks probability of developing some cancers. This conclusion is based on the presence of 72 chemical agents identified as causing cancer by the International Agency for Research on Cancer (IARC) and /or the National /toxicology Program (NTP) known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. Fifteen of the chemical agents are classified as known to cause cancer in humans, 37 are classified as reasonably anticipated to cause cancer in humans, and the remainder are classified as probable or possible human carcinogens.  Most of the carcinogens are genotoxic (they damage DNA).  The underlying assumption in EPA and OSHA cancer risk assessments is that any exposure to a genotoxic carcinogen theoretically increases the risk of developing cancer.  In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis.  Consistent with cancer induction associated with an inflammatory process, WTC dust caused time and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines in human cells that were consistent with the activation of cytokine induction signaling pathways.

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.	Comment by Julia Quint: Hepatobiliary tract is listed as limited for PCBs (2A).  I assume this is the same as Liver and bile duct.  Perhaps a footnote that explains nomenclature differences between this list and the sources (e.g., Coglliano et al.,) used to derive it is needed if there are many differences like this one.  



· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Cervix –Limited evidence for Tetrachloroethylene ( 2A) in Cogliano et al.

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia (acute nonlymphocytic=sufficient; acute lymphocytic & chronic lymphocytic,= limited) These are listed for Benzene (1)

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other carcinogenic chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about the potential increased risks of developing some cancers carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, higher breathing rates, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Recent in vivo and in vitro studies using biomarkers of gene expression are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have sufficient substantial evidence of regarding cancer in humans or animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 	Comment by Julia Quint: I’m not sure how we are interpreting “substantial” here.  PCBs and PCDDs were present in nanogram and picogram quantities,  and were interpreted in the Lioy et al. 2002 EHP paper as being present in low amounts.

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by Julia Quint: Suggest starting with the IARC classifications and WTC exposure information as in the Asbestos section for consistency and to emphasize the relevance of the information to the recommendations regarding cancer that we are making to the Director .	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]	Comment by Julia Quint: See earlier comments about the concentrations of these agents.  From the Lioy et al. 2002 EHP paper, p. 712:  “The levels of PCBs and PCDDs and PCDFs were in the nanograms per gram and pictograms per gram range .  Thus, the situation yielded detectable, but not excessive levels of these categories of environmental contaminants”. “Neither our study nor the US EPA found PCDD levels in dust above background. “  Probably need an explanation other than “substantial concentration” for highlighting these agents.

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation	Comment by Julia Quint: I made substantial changes to this section to make it less generic and more focused on the arguments we are using to support our recommendations regarding listing some cancers.  In addition to inserting the new text into this document, I also attached the rewritten section and the new Table 5 that I constructed, which is referred to in the text, to make it easier to read.  

Overview of Carcinogenesis

[bookmark: _GoBack]As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 






Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data

Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 

Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).

Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation

Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 

 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  

Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 

Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)	Comment by Julia Quint: I incorporated this text into the rewritten section.  See above.

Liz to add references – committee members please suggest any others and expand/correct if necessary: 

WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes

A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  



Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the risks probability of developing some cancers. This conclusion is based on the presence of 72 chemical agents identified as causing cancer by the International Agency for Research on Cancer (IARC) and /or the National /toxicology Program (NTP) known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. Fifteen of the chemical agents are classified as known to cause cancer in humans, 37 are classified as reasonably anticipated to cause cancer in humans, and the remainder are classified as probable or possible human carcinogens.  Most of the carcinogens are genotoxic (they damage DNA).  The underlying assumption in EPA and OSHA cancer risk assessments is that any exposure to a genotoxic carcinogen theoretically increases the risk of developing cancer.  In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis.  Consistent with cancer induction associated with an inflammatory process, WTC dust caused time and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines in human cells that were consistent with the activation of cytokine induction signaling pathways.

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.	Comment by Julia Quint: Hepatobiliary tract is listed as limited for PCBs (2A).  I assume this is the same as Liver and bile duct.  Perhaps a footnote that explains nomenclature differences between this list and the sources (e.g., Coglliano et al.,) used to derive it is needed if there are many differences like this one.  



· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Cervix –Limited evidence for Tetrachloroethylene ( 2A) in Cogliano et al.

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia (acute nonlymphocytic=sufficient; acute lymphocytic & chronic lymphocytic,= limited) These are listed for Benzene (1)

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other carcinogenic chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about the potential increased risks of developing some cancers carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, higher breathing rates, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Recent in vivo and in vitro studies using biomarkers of gene expression are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have sufficient substantial evidence of regarding cancer in humans or animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 	Comment by Julia Quint: I’m not sure how we are interpreting “substantial” here.  PCBs and PCDDs were present in nanogram and picogram quantities,  and were interpreted in the Lioy et al. 2002 EHP paper as being present in low amounts.

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by Julia Quint: Suggest starting with the IARC classifications and WTC exposure information as in the Asbestos section for consistency and to emphasize the relevance of the information to the recommendations regarding cancer that we are making to the Director .	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]	Comment by Julia Quint: See earlier comments about the concentrations of these agents.  From the Lioy et al. 2002 EHP paper, p. 712:  “The levels of PCBs and PCDDs and PCDFs were in the nanograms per gram and pictograms per gram range .  Thus, the situation yielded detectable, but not excessive levels of these categories of environmental contaminants”. “Neither our study nor the US EPA found PCDD levels in dust above background. “  Probably need an explanation other than “substantial concentration” for highlighting these agents.

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation	Comment by Julia Quint: I made substantial changes to this section to make it less generic and more focused on the arguments we are using to support our recommendations regarding listing some cancers.  In addition to inserting the new text into this document, I also attached the rewritten section and the new Table 5 that I constructed, which is referred to in the text, to make it easier to read.  

Overview of Carcinogenesis

[bookmark: _GoBack]As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 






Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data

Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 

Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).

Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation

Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 

 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  

Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 

Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)	Comment by Julia Quint: I incorporated this text into the rewritten section.  See above.

Liz to add references – committee members please suggest any others and expand/correct if necessary: 

WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes

A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  



Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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Table 5.  WTC Human Carcinogens with established mechanistic events for tumor sites (or types) for which there is sufficient evidence in humans (adapted from IARC Monograph Working Group, 2009)



		

WTC Human Carcinogen

		Tumor sites (or types) for which there is sufficient evidence in humans



		Other sites with

limited evidence 

in humans 

		[bookmark: _GoBack]

Established mechanistic events



		Arsenic and Inorganic 

arsenic compounds



		Lung, skin, urinary bladder

		Kidney, liver, prostate

		Oxidative DNA damage, genomic instability, aneuploidy, gene amplication, epigenetic effects, DNA-repair inhibition leading to mutagenesis



		Asbestos (chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite)

		Lung, mesothelioma, larynx, ovary

		Colorectum, pharynx, stomach

		Impaired fiber clearance leading to macrophage activation, inflammation, generation of reactive oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic alteration, activation of signaling pathways, resistance to apoptosis 



		Beryllium and beryllium compounds

		Lung

		--

		Chromosome aberrations, aneuploidy, DNA damage



		Cadmium and Cadmium compounds

		Lung

		Prostate, kidney

		DNA-repair inhibition, disturbance of tumor-suppressor proteins leading to genomic stability



		Chromium (VI) compounds

		Lung

		Nasal cavity and paranasal sinuses

		Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, aneuploidy, cell transformation



		Nickel compounds

		Lung, nasal cavity, and paranasal sinuses

		--

		DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, alteration of DNA methylation, histone modification



		Silica dust, crystalline in the form of quartz or crystobalite

		Lung

		--

		Impaired particle clearance leading to macrophage activation and persistent inflammation
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II. Mechanisms of carcinogenesis and role of inflammation

Overview of Carcinogenesis

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data

Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 

Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).

Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation

Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 

 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  

Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 

Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).

WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes

A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals [Caplan et al.,].  Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al.,].

[bookmark: _GoBack]Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels. 
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones, but this has not been addressed extensivelyobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated	Comment by vweaver: Weaver: I was not on the phone for the afternoon of the last meeting in NYC so I missed the discussion. However, I am concerned about this conclusion and the reliance on Zeig-Owens to select cancer sites in Table 4. This is an important article and it has been reviewed in at least two journal clubs at Johns Hopkins so far. The concern raised in those conferences is that latency is very short and the data to date on cancer in fire fighters without WTC exposures support an increased risk of cancer from their occupational exposures. There is substantial overlap between cancer sites in Table 5 in the LeMasters meta-analysis of fire fighters (who did not have WTC exposures) and  Zeig-Owens. Tom Aldrich has already pointed this out for prostate, which is the cancer that has resulted in the most discussion among the group to date. Thus, the concern with Zeig-Owens et al. is that excluding a role for past fire fighter exposures in cancers diagnosed soon after 9/11 is difficult.  The authors discuss recent declines in exposure but, due to the long time between first exposure and cancer diagnosis for chemical related cancers, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.

Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.
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Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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TABLE 5
Summary of Likelihood of Cancer Risk and Summary Risk Estimate (95% CI) Across All Types of Studies for All Cancers


Cancer Site
Likelihood of Cancer


Risk by Criteria
Summary Risk


Estimate (95% CI) Comments


Multiple
myeloma


Probable 1.53 (1.21–1.94) Consistent with mSMR and PMR (1.50, 95% CI � 1.17–1.89)
Based on 10 analyses
Heterogeneity—not significant at the 10% level


Non-Hodgkin
lymphoma


Probable 1.51 (1.31–1.73) Only two SMR and another PMR studies
Slightly higher than mSMR and PMR (1.36, 95% CI � 1.10–1.67)
Based on eight analyses
Heterogeneity—not significant at the 10% level


Prostate Probable 1.28 (1.15–1.43) Consistent with mSIR (1.29, 95% CI � 1.09–1.51)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Testis Possible 2.02 (1.30–3.13) Slightly higher than mSIR (1.83, 95% CI � 1.13–2.79)
Based on four analyses
Heterogeneity—not significant at the 10% level


Skin Possible 1.39 (1.10–1.73) Slightly lower than mSMR and PMR (1.44, 95% CI � 1.10–1.87) – derived
on basis of PMR studies


Based on eight analyses
Heterogeneity—not significant at the 10% level


Malignant
melanoma


Possible 1.32 (1.10–1.57) Slightly higher than mSMR and PMR (1.29, 95% CI � 0.68–2.20)
Based on 10 analyses
Heterogeneity—not significant at the 10% level


Brain Possible 1.32 (1.12–1.54) Slightly higher than mSMR and PMR (1.27, 95% CI � 0.98–1.63)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was


heterogeneity among SMR studies
Rectum Possible 1.29 (1.10–1.51) Slightly lower than mSMR and PMR (1.39, 95% CI � 1.12–1.70)


Based on 13 analyses
Heterogeneity—not significant at the 10% level


Buccal cavity
and pharynx


Possible 1.23 (0.96–1.55) Slightly higher than mSMR (1.18, 95% CI � 0.81–1.66)
Based on nine analyses
Heterogeneity—not significant at the 10% level


Stomach Possible 1.22 (1.04–1.44) Lower than mSIR (1.58, 95% CI � 1.12–2.16)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Colon Possible 1.21 (1.03–1.41) Slightly lower than mSMR and PMR (1.31, 95% CI � 1.08–1.59)
Based on 25 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR and PMR studies
Leukemia Possible 1.14 (0.98–1.31) Similar to mSMR and PMR (1.14, 95% CI � 0.92–1.39)


Based on eight analyses
Heterogeneity—not significant at the 10% level


Larynx Unlikely 1.22 (0.87–1.70) Higher than mSMR (0.58, 95% CI � 0.25–1.15)
Based on seven analyses
Heterogeneity—not significant at the 10% level


Bladder Unlikely 1.20 (0.97–1.48) Similar to mSMR and PMR (1.24, 95% CI � 0.83,1.49)
Based on 11 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies
Esophagus Unlikely 1.16 (0.86–1.57) Higher than mSMR (0.68, 95% CI � 0.39–1.08)


Based on eight analyses
Heterogeneity—not significant at the 10% level


Pancreas Unlikely 1.10 (0.91–1.34) Slightly higher than mSMR (0.98, 95% CI � 0.75–1.26)
Based on 13 analyses
Heterogeneity—not significant at the 10% level


Kidney Unlikely 1.07 (0.78–1.46) Similar to mSMR and PMR (1.23, 95% CI � 0.94–1.59)
Based on 12 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies
(Continued)
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SIR � 1.39, 95% CI � 0.2–5.0; 11
to 20 years: SIR � 4.03, 95% CI �
1.3–9.4. In those exposed greater
than 20 years, the risk estimate re-
mained elevated but declined (SIR �
2.65, 95% CI � 0.3–9.6), possibly
because testicular cancer generally
occurs at a younger age. Bates et al30


argued that, although the reason for
the excess risk of testicular cancer
remained obscure, the possibility that
this is a chance finding was low
because incident studies are likely
the most appropriate methodology
for a cancer that can be successfully
treated.


The 1990 findings of Howe and
Burch4 showing a positive associa-
tion with brain cancer and malignant
melanoma are compatible with our
results because both had significant
summary risk estimates. Brain can-
cers were initially scored as probable
but then downgraded to possible (Ta-
ble 5). There was inconsistency
among the SMR studies, which re-
sulted in the use of the random-
effects model, yielding confidence
limits that were not significant
(SMR � 1.39, 95% CI � 0.94–2.06)
(Table 2). This inconsistency primar-
ily resulted from the Baris et al
study,13 a 61-year follow up of 7789
firefighters demonstrating a marked
reduction in brain cancer (SMR �
0.61, 95% CI � 0.31–1.22). As


noted in Table 4, however, there
were elevated, but not significant,
risk estimates across all studies, ie,
mSMR, mPMR, mRR, and mSIR.
This consistency is all the more re-
markable given the diversity of rare
cancers included in the category
“brain and nervous system.” Further-
more, there was a 2003 study by
Krishnan et al65 published after our
search that examined adult gliomas
in the San Francisco Bay area of men
in 35 occupational groups. This
study showed that male firefighters
(six cases and one control) had the
highest risk with an odds ratio of
5.93, although the confidence inter-
vals were wide and not significant. In
addition, malignant melanoma was
also initially scored as probable but
was downgraded to “possible” due to
study type. This study downgrade
was related to the negative SMR (�)
and reliance primarily on a PMR
study. Thus, in conclusion, our study
supports a probable risk for multiple
myeloma, similar to Howe and
Burch’s4 findings, and a possible
association with malignant mela-
noma and brain cancer.


Summary
We implemented a qualitative


three-criteria assessment in addition
to the quantitative meta-analyses.
Based on the more traditional quan-


titative summary risk estimates
shown in Table 5, 10 cancers, or half,
were significantly associated with
firefighting. Three cancers were des-
ignated as a probable risk based on
the quantitative meta-risk estimates
and our three criteria assessment.
These cancers included multiple my-
eloma, non-Hodgkin’s lymphoma,
and prostate. A recommendation is
also made, however, for upgrading
testicular cancer to “probable” based
on the twofold excess summary risk
estimate and the consistency among
the studies. Thus, firefighter risk for
these four cancers may be related to
the direct effect associated with ex-
posures to complex mixtures, the
routes of delivery to target organs,
and the indirect effects associated
with modulation of biochemical or
physiologic pathways. In anecdotal
conversations with firefighters, they
report that their skin, including the
groin area, is frequently covered with
“black soot.” It is noteworthy that
testicular cancer had the highest
summary risk estimate (2.02) and
skin cancer had a summary risk esti-
mate (1.39) higher than prostate
(1.28). Certainly, Edelman et al3 at
the World Trade Center, although
under extreme conditions, revealed
the hazards that firefighters may en-
counter only because air monitoring
was performed.


TABLE 5
Continued


Cancer Site
Likelihood of Cancer


Risk by Criteria
Summary Risk


Estimate (95% CI) Comments


Hodgkin’s
disease


Unlikely 1.07 (0.59–1.92) Higher than mSMR (0.78, 95% CI � 0.21–2.01)
Based on three analyses
Heterogeneity—not significant at the 10% level


Liver Unlikely 1.04 (0.72–1.49) Similar to mSMR (1.00, 95% CI � 0.63–1.52)
Based on seven analyses
Heterogeneity—not significant at the 10% level


Lung Unlikely 1.03 (0.97–1.08) Similar to mSMR and PMR (1.05, 95% CI � 0.96–1.14)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was


heterogeneity among PMR studies
All cancers Unlikely 1.05 (1.00–1.09) Similar to mSMR and PMR (1.06, 95% CI � 1.02–1.10


Based on 25 analyses
Heterogeneity—significant at the 10% level; there was


heterogeneity among SMR studies


CI indicates confidence interval; SMR, standardized mortality ratio; PMR, proportional mortality ratio; SIR, standardized incidence ratio.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones, but this has not been addressed extensivelyobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated. However, an alternative explanation for these findings is that pre-9/11 occupational exposures to carcinogens from fire fighting are contributing to the observed cancer increase. Only hematopoetic malignancies, such as the acute leukemias, have latencies short enough to result in increased rates from 9/11 exposures within the time frame covered. A recent meta-analysis (LeMasters et al .  JOEM 2006) on cancer in fire fighters found increased risk estimates for 10 of the 20 cancers examined. This increased baseline risk is evident in the FDNY WTC study for prostate cancer in which both 9/11 exposed and unexposed fire fighters have significantly increased risks. Further, there is overlap between significantly increased cancers in Table 5 in the meta-analysis and two of the three cancers in the WTC study with SIR ratios approaching significance (thyroid cancer was not included in the meta-analysis). Zeig-Owens et al. discuss recent declines in exposure but, due to the long time between exposure onset and cancer diagnosis for chemically-related cancers, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.



Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.



[bookmark: _ENREF_5]

Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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[bookmark: _GoBack]The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, higher breathing rates, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Numerous animal studies provide evidence that brief exposures to carcinogens can cause cancer.  Evaluation of the Single-Exposure Carcinogen Database containing 5576 studies involving 800 chemicals from 2000 articles showed that in 4271 of the studies, a single dose of an agent administered by multiple routes of exposure caused tumors to develop in males and females of many different animal models.  In addition to PAHs, many of the tested chemicals are environmentally relevant and are on various pollutant lists, including the IARC and NTP lists.  In support of the relevance of the single-exposure carcinogen concept to human cancer, the authors identified published occupational studies on benzene, beryllium, aromatic amines of benzidine, and arsenic in which exposures for less than a year were implicated as the causal factor in the development of cancer (Calabrese and Blain, 1999).  Recent in vivo (Thomas et al., 2007) and in vitro (Perkins et al., 2012) studies using biomarkers of gene expression also are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.



Reference

Calabrese EJ, Blain, RB.  1999.  The single exposure carcinogen database: assessing the circumstances under which a single exposure to a carcinogen can cause cancer.  Toxicological Sciences 50:169-185
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires have or will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of diverse known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the World Trade Center site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in large numbers of  WTC responders and survivors as well as qualititative descriptions of exposure conditions in downtown Manhattan isrepresent highly credible evidence that significant toxic exposures  occurredred.  Furthermore, the salient biological reaction that underlies many currently recognized WTC health conditions – persistent inflammation – is now believed to be an important mechanismMany WTC-related conditions are associated with inflammation, which can lead tounderlying cancer through by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. In addition, epidemiological studies are limited to date, but we note that the published FDNY study of fire fighters showed modest excesses in cancer at a number of organ sites. 	Comment by Steve: Or “reasonably likely.” The phrase “reasonably anticipated” mimics NTP while “reasonably likely” is more readily understood.	Comment by Steve: I suggest that “occurred” is better than “did in fact occur” which sounds defensive.

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding specific organ sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee recognizes that additional epidemiologic studies will soon become available and also recommends that as their results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured at a personal level and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement and other construction materials, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation, leading rapidly to  and what came to be known as WTC cough. Smoke from persistent fires that persisted into December 2011 contained polycyclic aromatic hydrocarbons, metals, organic chemicals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions among a large number of in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in intensity and variety in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without adequate respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically often associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential, and office and school building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes or schools have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke, which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore were not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and were not based on strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones, but this has not been addressed extensivelyobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber- years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?	Comment by Steve: Owetsubu?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination, and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by Steve: Note that this specificity appears to contradict previous sentence that “they always occur in combination, and it is therefore not possible to isolate the effect of a single compound”	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has resulted in an  increased lung cancer risk in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were believed to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures at which they would not normally volatilize. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 	Comment by Steve: I think we should cite these levels, if available. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was believed to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts re-suspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may have been exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers, supporting the  biological plausibility that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring were likely to have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which that show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that canby acceleratinge multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8,927 of this study cohort whom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and, for WTC-exposed firefighters, the period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who would be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates byfor two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probable near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control fire fighter population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and older persons (> 60 years of age) ,  insufficient statistical power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25, which obtained borderline statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters had a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population. This result was statistically significant. After introducing an 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma to “correct” for possible surveillance bias, the total number of diagnosed cancers in the WTC-exposed population was 242 and the estimated SIR ratio was 1.21, with confidence interval 0.98 to 1.49, which obtained borderline statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.	Comment by Steve: This last phrase is quite awkward; not exactly sure what is meant.

For many individual type of cancers, too few cases were expected to have occurred to permit reasonable statistical power to detect  significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results support an increased cancer risk in association with WTC exposure among fire fighters, a group with relatively high level of exposure. Considering that this risk was detectable within approximately seven years  post-9/11, and cancer latencies are generally thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated. However, an alternative explanation for these findings is that pre-9/11 occupational exposures to carcinogens from fire fighting are contributing to the observed cancer increase. Only hematopoetic malignancies, such as the acute leukemias, have latencies short enough to result in increased rates from 9/11 exposures within the time frame covered. A recent meta-analysis (LeMasters et al .  JOEM 2006) on cancer in fire fighters found increased risk estimates for 10 of the 20 cancers examined. This increased baseline risk is evident in the FDNY WTC study for prostate cancer in which both 9/11 exposed and unexposed fire fighters have significantly increased risks. Further, there is overlap between significantly increased cancers in Table 5 in the meta-analysis and two of the three cancers in the WTC study with SIR ratios approaching significance (thyroid cancer was not included in the meta-analysis). Zeig-Owens et al. discuss recent declines in exposure but, due to the long time between exposure onset and cancer diagnosis for chemically-related cancers, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.



Additional post-WTC cancer incidence results are expected to come from the non-FDNY WTC Responder Consortium, the WTC registry cohorts and from the FDNY EMS cohort in the near future.  The STAC Committee has not had access to and therefore has not based current recommendations on those studies. Given the paucity of epidemiological studies to date, additional studies can be expected to inform the body of knowledge on the issue of WTC and cancer risk, though the limitations of surveillance bias, sample size, selection bias, limited follow-up and others may persist. However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?] SEE BELOW



Inclusion of rare cancers   That rare cancers are difficult to study has been readily acknowledged and has drawn recent attention from the National Cancer Institute and cancer registries (Greenlee, Public Health Reports, 2010; NCI Workshop- see Greenlee reference #2). Cancers that are rare by site (e.g., liver angiosarcoma) (Creech and Johnson) or age (eg – lung cancer in men in the early 30’s) (BCME report in NEJM) have served as sentinel events in occupational settings. Unusual cancers that occur among WTC responders and survivors may be difficult to link to WTC exposures, because the populations at risk, though sizable, are limited and therefore may undermine the capacity of epidemiologic methods to provide statistically stable estimates of relative risk. Animal studies of rare cancers are also of limited use, because cancer sites in humans and animals exposed to the same agents frequently don’t match. Since customary study methods are unlikely to clarify whether rare cancers among WTC-exposed populations –unless they occur in sizable clusters – are likely to be related to WTC exposures and additionally, given the sizable number of carcinogens (and related cancer sites) present in WTC smoke and dust, it is reasonable to include rare cancers among the list of cancers that WTC exposures may be expected to cause.

Defining a rate that delineates rare cancers from less rare cancers is difficult. An NCI workshop on this topic held in 2007 used an incidence of 150 cases per 1 million per year as a cut point (See Greenlee reference #2). This definition has the consequence that 25% of all adult cancers in the US would be classified as rare (Greenlee 2010). Additional definitions – 10 cases per million per year and 1 case per million per year – have also been examined (Greenlee 2010).

For the purposes of potential WTC exposure-related cancers, a sensible approach would be to use the size of the at-risk populations under study and the associated estimates of person-years with accepted levels of relative risk (e.g., two-fold increase) and error (e.g.,  alpha =.05, beta = 0.20) in order to determine the underlying site-specific cancer incidence that might be capable of study. All site-specific incidence rates below that specified incidence would then be considered rare. Gender and age could be factored into these determinations.  Although this incidence estimate could be made at present based on the FDNY cancer study, results of the forthcoming cancer studies, the WTC Responder study and the NYC DOHMH WTC Health Registry study, will increase the estimates of person-years and improve the determination of a threshold incidence to define a rare cancer.

We emphasize that this is one possible approach to defining rare cancers that has the advantage of using WTC population-specific data, but that there are additional approaches to defining rare cancers for the purposes of determining a policy decision about WTC-related cancers.

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.
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Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires have or will increase the probability likelihood of developing some cancers. This conclusion is based primarily on the presence of diverse known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the World Trade Center site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in large numbers of  WTC responders and survivors as well as qualititative descriptions of exposure conditions in downtown Manhattan isrepresent highly credible evidence that significant toxic exposures  occurredred.  Furthermore, the salient biological reaction that underlies many currently recognized WTC health conditions – persistent inflammation – is now believed to be an important mechanismMany WTC-related conditions are associated with inflammation, which can lead tounderlying cancer through by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. In addition, epidemiological studies are limited to date, but we note that the published FDNY study of fire fighters showed modest excesses in cancer at a number of organ sites. Given that cancer latencies are thought to average much longer than the 7-10 years of post-9/11 follow-up data that have been analyzed to date, definitive answers cannot be expected from epidemiologic studies.  Nonetheless, a preliminary study of one heavily- and repeatedly-exposed group (FDNY firefighters) strongly suggests an increase in overall cancer incidence, as compared to unexposed firefighters.	Comment by Thomas Aldrich: “committee” is redundant, as included in STAC	Comment by Steve: Or “reasonably likely.” The phrase “reasonably anticipated” mimics NTP while “reasonably likely” is more readily understood.	Comment by Steve: I suggest that “occurred” is better than “did in fact occur” which sounds defensive.	Comment by Thomas Aldrich: An alternate wording to the previous sentence

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding specific organ sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee recognizes that additional epidemiologic studies will soon become available and also recommends that as their results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured at a personal level and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement and other construction materials, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation, leading rapidly to  and what came to be known as WTC cough. Smoke from persistent fires that persisted into December 2011 contained polycyclic aromatic hydrocarbons, metals, organic chemicals, and many other chemicals. Heavy equipment and trucks contributed diesel emissions, and there was repeated resuspension of sedimented dust  during the 10 month demolition and cleanup process.  Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions among a large number of in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in intensity and variety in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.	Comment by Thomas Aldrich: “STAC” includes the word “committee”

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without adequate respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically often associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential, and office and school building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes or schools have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke, which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore were not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and were not based on strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones, but this has not been addressed extensivelyobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber- years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?	Comment by Steve: Owetsubu?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination, and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by Steve: Note that this specificity appears to contradict previous sentence that “they always occur in combination, and it is therefore not possible to isolate the effect of a single compound”	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has resulted in an  increased lung cancer risk in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were believed to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures at which they would not normally volatilize. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 	Comment by Steve: I think we should cite these levels, if available. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was believed to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts re-suspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may have been exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers, supporting the  biological plausibility that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring were likely to have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which that show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that canby acceleratinge multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8,927 of this study cohort whom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and, for WTC-exposed firefighters, the period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who would be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates byfor two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probable near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control fire fighter population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and older persons (> 60 years of age) ,  insufficient statistical power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25, which obtained borderline statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters had a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population. This result was statistically significant. After introducing an 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma to “correct” for possible surveillance bias, the total number of diagnosed cancers in the WTC-exposed population was 242 and the estimated SIR ratio was 1.21, with confidence interval 0.98 to 1.49, which obtained borderline statistical significance, and far more likely than not reflects a small excess of cancers among exposed firefighters.	Comment by Steve: This last phrase is quite awkward; not exactly sure what is meant.

For many individual type of cancers, too few cases were expected to have occurred to permit reasonable statistical power to detect  significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.. Regarding prostate cancer, consistent with prior studies (LeMasters et al, JOEM 48:1189-1202, 2006), even the unexposed firefighters had slightly and statistically significantly higher incidence than predicted, with SIR 1.35. The WTC-exposed FDNY group did not show an increased risk over unexposed, with estimated SIR ratio 0.90 (after correction for possible surveillance bias).  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results support an increased cancer risk in association with WTC exposure among fire fighters, a group with relatively high level of exposure. Considering that this risk was detectable within approximately seven years  post-9/11, and cancer latencies are generally thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated. However, surveillance bias may have had a greater than perceived influence in the reported results, skewing the SIRs upward.  Also, since most of the studied firefighters contributed both “exposed” and “unexposed” person-years, there may have been a carry-over effect of  pre-9/11 occupational exposures to carcinogens from fire fighting that may have contributed to the observed cancer increase. Only hematopoetic malignancies, such as the acute leukemias, have latencies short enough to result in increased rates from 9/11 exposures within the time frame covered. A recent meta-analysis (LeMasters et al .  JOEM 2006) on cancer in fire fighters found increased risk estimates for 10 of the 20 cancers examined. This increased baseline risk is evident in the FDNY WTC study for prostate cancer in which both 9/11 exposed and unexposed fire fighters have significantly increased risks. Further, there is overlap between significantly increased cancers in Table 5 in the meta-analysis and two of the three cancers in the WTC study with SIR ratios approaching significance (thyroid cancer was not included in the meta-analysis). Zeig-Owens et al. discuss recent declines in exposure but, due to the long time between exposure onset and cancer diagnosis for chemically-related cancers, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.



Additional post-WTC cancer incidence results are expected to come from the non-FDNY WTC Responder Consortium, the WTC registry cohorts and from the FDNY EMS cohort in the near future.  The STAC Committee has not had access to and therefore has not based current recommendations on those studies. Given the paucity of epidemiological studies to date, additional studies can be expected to inform the body of knowledge on the issue of WTC and cancer risk, though the limitations of surveillance bias, sample size, selection bias, limited follow-up and others may persist. However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?] SEE BELOW



Inclusion of rare cancers   That rare cancers are difficult to study has been readily acknowledged and has drawn recent attention from the National Cancer Institute and cancer registries (Greenlee, Public Health Reports, 2010; NCI Workshop- see Greenlee reference #2). Cancers that are rare by site (e.g., liver angiosarcoma) (Creech and Johnson) or age (eg – lung cancer in men in the early 30’s) (BCME report in NEJM) have served as sentinel events in occupational settings. Unusual cancers that occur among WTC responders and survivors may be difficult to link to WTC exposures, because the populations at risk, though sizable, are limited and therefore may undermine the capacity of epidemiologic methods to provide statistically stable estimates of relative risk. Animal studies of rare cancers are also of limited use, because cancer sites in humans and animals exposed to the same agents frequently don’t match. Since customary study methods are unlikely to clarify whether rare cancers among WTC-exposed populations –unless they occur in sizable clusters – are likely to be related to WTC exposures and additionally, given the sizable number of carcinogens (and related cancer sites) present in WTC smoke and dust, it is reasonable to include rare cancers among the list of cancers that WTC exposures may be expected to cause.

Defining a rate that delineates rare cancers from less rare cancers is difficult. An NCI workshop on this topic held in 2007 used an incidence of 150 cases per 1 million per year as a cut point (See Greenlee reference #2). This definition has the consequence that 25% of all adult cancers in the US would be classified as rare (Greenlee 2010). Additional definitions – 10 cases per million per year and 1 case per million per year – have also been examined (Greenlee 2010).

For the purposes of potential WTC exposure-related cancers, a sensible approach would be to use the size of the at-risk populations under study and the associated estimates of person-years with accepted levels of relative risk (e.g., two-fold increase) and error (e.g.,  alpha =.05, beta = 0.20) in order to determine the underlying site-specific cancer incidence that might be capable of study. All site-specific incidence rates below that specified incidence would then be considered rare. Gender and age could be factored into these determinations.  Although this incidence estimate could be made at present based on the FDNY cancer study, results of the forthcoming cancer studies, the WTC Responder study and the NYC DOHMH WTC Health Registry study, will increase the estimates of person-years and improve the determination of a threshold incidence to define a rare cancer.

We emphasize that this is one possible approach to defining rare cancers that has the advantage of using WTC population-specific data, but that there are additional approaches to defining rare cancers for the purposes of determining a policy decision about WTC-related cancers.

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		GERD

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		GERD

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		Extensive foreign body washout required

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		Sarcoidosis

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



LeMasters GK, et al.  http://ovidsp.tx.ovid.com.elibrary.einstein.yu.edu/sp-3.5.1a/ovidweb.cgi?&S=ANPBFPIBCLDDPKHGNCALJGLBALMKAA00&Link+Set=S.sh.15.16.20.24%7c14%7csl_10Cancer Risk Among Firefighters: A Review and Meta-analysis of 32 Studies. JOEM 48:1189-1202

Objective: The objective of this study was to review 32 studies on firefighters and to quantitatively and qualitatively determine the cancer risk using a meta-analysis. Methods: A comprehensive search of computerized databases and bibliographies from identified articles was performed. Three criteria used to assess the probable, possible, or unlikely risk for 21 cancers included pattern of meta-relative risks, study type, and heterogeneity testing. Results: The findings indicated that firefighters had a probable cancer risk for multiple myeloma with a summary risk estimate (SRE) of 1.53 and 95% confidence interval (CI) of 1.21-1.94, non-Hodgkin lymphoma (SRE = 1.51, 95% CI = 1.31-1.73), and prostate (SRE = 1.28; 95% CI = 1.15-1.43). Testicular cancer was upgraded to probable because it had the highest summary risk estimate (SRE = 2.02; 95% CI = 1.30-3.13). Eight additional cancers were listed as having a "possible" association with firefighting. Conclusions: Our results confirm previous findings of an elevated metarelative risk for multiple myeloma among firefighters. In addition, a probable association with non-Hodgkin lymphoma, prostate, and testicular cancer was demonstrated. (C)2006The American College of Occupational and Environmental Medicine





[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.
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Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.(National Research 1993) Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.(Trasande and Thurston 2005; Thurlbeck 1982)  Their developing organ systems are also more vulnerable to and less well able to detoxify or eliminate many chemicals.(Grandjean and Landrigan 2007; Ginsberg et al. 2004) Together, these aspects of early life development increase the likelihood of lifelong organ system impairment following exposure to environmental chemicals.(Rice and Barone Jr 2000) Children also have greater years of life in which chronic conditions can occur as a result of early life exposures.(Bearer 1995) Epidemiologic studies have associated exposure to benzene,(Savitz and Feingold 1989; Knox 2005) certain pesticides(Lee et al. 2004; Rudant et al. 2007) polychlorinated biphenyls,(Ward et al. 2009) and 1,3-butadiene(Robison et al. 1995) with increases in childhood malignancies.    

Children who attended schools and lived near the World Trade Center site experienced exposures in the range of responder populations in which increases in cancers have been documented.  Given the baseline relative infrequency in which cancer occurs in children, and the limited statistical power of even a study of all 14,000 children who lived south of 14th Street on September 11, 2001, no negative study will eliminate the possibility of causation.  Indeed, this is an area of need for research, yet such research should not preclude a measure of caution taken in including coverage for all cancers incident before age 21 insofar as a health care provider confirms substantial likelihood of association with World Trade Center exposures. 
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An Overview of 9/11 Experiences and Respiratory
and Mental Health Conditions among World Trade
Center Health Registry Enrollees


Mark Farfel, Laura DiGrande, Robert Brackbill,
Angela Prann, James Cone, Stephen Friedman, Deborah J. Walker,
Grant Pezeshki, Pauline Thomas, Sandro Galea, David Williamson,
Thomas R. Frieden, and Lorna Thorpe


ABSTRACT To date, health effects of exposure to the September 11, 2001 disaster in New
York City have been studied in specific groups, but no studies have estimated its impact
across the different exposed populations. This report provides an overview of the World
Trade Center Health Registry (WTCHR) enrollees, their exposures, and their
respiratory and mental health outcomes 2–3 years post-9/11. Results are extrapolated
to the estimated universe of people eligible to enroll in the WTCHR to determine
magnitude of impact. Building occupants, persons on the street or in transit in lower
Manhattan on 9/11, local residents, rescue and recovery workers/volunteers, and area
school children and staff were interviewed and enrolled in the WTCHR between
September 2003 and November 2004. A total of 71,437 people enrolled in the
WTCHR, for 17.4% coverage of the estimated eligible exposed population (nearly
410,000); 30% were recruited from lists, and 70% were self-identified. Many reported
being in the dust cloud from the collapsing WTC Towers (51%), witnessing traumatic
events (70%), or sustaining an injury (13%). After 9/11, 67% of adult enrollees reported
new or worsening respiratory symptoms, 3% reported newly diagnosed asthma, 16%
screened positive for probable posttraumatic stress disorder (PTSD), and 8% for serious
psychological distress (SPD). Newly diagnosed asthma was most common among
rescue and recovery workers who worked on the debris pile (4.1%). PTSD was higher
among those who reported Hispanic ethnicity (30%), household income G$25,000
(31%), or being injured (35%). Using previously published estimates of the total
number of exposed people per WTCHR eligibility criteria, we estimate between 3,800
and 12,600 adults experienced newly diagnosed asthma and 34,600–70,200 adults
experienced PTSD following the attacks, suggesting extensive adverse health impacts
beyond the immediate deaths and injuries from the acute event.


KEYWORDS World Trade Center, Asthma, Respiratory symptoms, Posttraumatic stress
disorder, Serious psychological distress, Population estimates of WTC disaster health
outcomes, World Trade Center Health Registry (WTCHR), Environmental exposures,
New York City, Children, Terrorism, WTC attacks, Epidemiology, Mental health
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INTRODUCTION


The events of September 11, 2001 in New York City were unprecedented. Two
airliners crashed into the World Trade Center (WTC) twin towers, resulting in large
explosions and fires. The towers collapsed within 2 hours. Four buildings or structures
collapsed later, and 32 other buildings sustained moderate to major damage. Nearly
2,800 people died, including more than 2,200 civilians, 343 firefighters, and 60 police
officers. Hundreds of thousands of people were exposed to environmental contami-
nants and witnessed potentially traumatic events. Tens of thousands of lower
Manhattan building occupants, residents, and school children were evacuated and
had their lives and livelihoods disrupted for months to years afterward. An estimated
91,000 rescue workers, volunteers, construction contractors, and others arrived to
work at or nearby the WTC site on 9/11 or in the days and months thereafter, shifting
from rescue to recovery.1 The effort involved city, state, and federal agency employees
as well as contracted workers and volunteers from all 50 states.


The collapse and burning of the WTC towers and neighboring buildings
released a complex mixture of irritant dust, smoke, and gaseous materials. Most
dust was an alkaline mixture of pulverized concrete, glass, plastic, paper, and wood
fibers. Testing of airborne and settled dust detected the presence of heavy metals,
asbestos, and other substances.2 The composition of smoke and dust deposited on
indoor and outdoor surfaces varied widely by date and by location.3 In subsequent
months, resuspended particulate matter and fires were the main sources of airborne
contaminants.


Many studies of surviving first responders and other WTC rescue and recovery
workers after 9/11 have documented high levels of respiratory symptoms, severe
persistent cough (“WTC cough”), reactive airways disease, asthma, and declines in
pulmonary function.4–12 These reports are consistent with animal studies showing
mild to moderate pulmonary inflammation and significant increases in airway
hyperresponsiveness in mice exposed to high levels of fine particulate matter from
the WTC site.13 Few studies have evaluated respiratory effects among exposed
individuals other than rescue and recovery workers.


The trauma of 9/11 triggered depression, anxiety, substance use, and posttraumatic
stress disorder.14–17 Many survivors witnessed the death of friends and co-workers;
thousands lost family members in the attacks. In the wake of the disaster, many rescue,
recovery, and cleanup workers or volunteers, as well as residents, office workers, and
students in lower Manhattan were subjected to daily stress that continued for
months.18–20


The World Trade Center Health Registry (WTCHR) is the largest postdisaster
registry in U.S. history. The WTCHR is a key public health resource to document the
duration and severity of health impacts, guide decisions about medical care and
other services, connect individuals to specific services, and inform response planning
for future disasters. This article provides an overview of the WTCHR, the enrollees,
their exposures and event experiences, and their respiratory symptoms and mental
health status, based on an initial interview 2–3 years after the event.


METHODS


The WTCHR was created in July 2002 as a collaborative effort between the Agency for
Toxic Substances and Disease Registry (ATSDR) and the New York City Department of
Health and Mental Hygiene (NYC DOHMH). Development of eligibility criteria took
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into account proximity by time and place to the WTC attack, acute exposure to the dust
and debris cloud that resulted immediately from the collapse of the towers, and chronic
exposure to smoke and fumes in the vicinity of the WTC site. Four broad eligibility
groups were constructed: (a) people who were present south of Chambers Street in lower
Manhattan on the morning of 9/11, including building occupants, passersby, and people
in transit (see map insert, Figure 1); (b) workers and volunteers involved in rescue,
recovery, cleanup, and other activities at the WTC site, the Staten Island Recovery
Operations Center, or on a transport barge from the WTC site for at least one shift
anytime from September 11, 2001 through June 30, 2002; (c) people with a primary
residence south of Canal Street in lower Manhattan on 9/11; and (d) students enrolled in
and staff employed at schools (grades pre-K to 12) south of Canal Street on 9/11.


The estimated total number of people eligible for the WTCHR was calculated to be
409,492, the methods for which are published elsewhere.1 Registrants were recruited
for enrollment through outreach to eligible individuals and groups, as well as local and
regional media. Lists of names and associated contact information of potentially eligible
persons were provided voluntarily by entities such as employers and governmental
agencies. All persons originally contacted via lists were classified as “list-identified”.
A total of 232 lists representing 135,450 potential registrants were provided: rescue,
recovery, and cleanup workers and volunteers (144 lists), building occupants (76 lists),
students and school staff (nine lists), and residents of lower Manhattan (three lists).
A key resource for contacting WTC building survivors was a Port Authority of New
York and New Jersey list which contained 95,442 names of people who had received
security clearance at WTC buildings 1–7.21 Potentially eligible persons on the lists were
recruited by telephone or letter. Individuals were also contacted through a widespread
advertising campaign that encouraged them to enroll by using a toll-free number or by
preregistering on a WTCHR website; these individuals were contacted and interviewed
over the telephone and classified as self-identified.


Data Collection Of the 71,437 baseline interviews conducted between September
2003 and November 2004 (2–3 years post-9/11), 67,527 (95%) were completed
using computer-assisted telephone interviewing (CATI) and the remaining 3,910
were completed using computer-assisted in-person personal interviewing (CAPI).
The questionnaire was administered in four languages: English (95.2%), Spanish
(1.9%), Cantonese (1.5%), and Mandarin (1.0%). A translation service provided by
a vendor was used to interview registrants whose primary language was not one of
the pretranslated languages (n=315). The interviewer took actions (e.g., suggested
taking a break, stopped the interview, provided a referral) if a respondent’s answers
or behavior indicated emotional distress.


A total of 3,100 proxy interviews were completed. For children under 18 years
of age at the time of interview, parents and guardians served as proxies (n=2,635).
Proxy interviews were conducted for adults if the potential registrant was deceased
after 9/11 (n=157), seriously physically or mentally disabled or unable to respond
for other reasons (n=308). For eligible individuals who died after 9/11, a limited
number of questions (e.g., demographics, cause of death, and contact information)
were completed by proxy.


The WTCHR protocol, including the baseline survey, was approved by the
Institutional Review Boards of the Centers for Disease Control and Prevention and
the NYC DOHMH in 2003. A Federal Certificate of Confidentiality was obtained.


The baseline survey was designed to take approximately 30 min to administer.
The interview included: (a) informed consent; (b) determination of eligibility; (c)
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FIGURE 1. Geographic distribution of registrants’ primary residences on September 11, 2001.
A natural breaks classification scheme was used for the metropolitan NYC zip codes.
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demographics; (d) contact information for follow-up (including information on up
to three people who would be likely to know the future whereabouts of the
respondent); (e) general exposure questions (e.g., to the dust and debris cloud); (f)
specific exposure assessment sections for each of the four eligibility groups; (g) 9/11
injuries; (h) physical health symptoms and conditions before and after 9/11; and (i)
mental health outcomes.


Health Outcomes Enrollees were asked about physical health outcomes, includ-
ing: (a) injuries sustained on 9/11 ranging from eye injury or irritation to fractures,
burns and concussions; (b) new or worsening respiratory symptoms at any time after
9/11; (c) new or worsening nonrespiratory symptoms including hearing problems or
hearing loss, severe headaches, heartburn, indigestion, or reflux; and skin rash or
irritation; and (d) specific conditions diagnosed by a physician or other health
professional anytime in the 2–3 years after 9/11, including newly diagnosed asthma,
emphysema, hypertension, coronary heart disease, angina, heart attack, diabetes,
stroke, and any cancer or malignancy. Questions about symptoms were similar to
well-tested examples used in the Behavioral Risk Factor Surveillance System.22


Physical health outcomes presented in this report are restricted to post-9/11
respiratory symptoms and development of newly diagnosed asthma among persons
with no history of prior asthma.


Mental health outcomes included probable posttraumatic stress disorder
(PTSD) and serious psychological distress (SPD) in the 30 days prior to the
interview. The Kessler-6 scale (K-6), used to determine SPD, is a psychometri-
cally validated, epidemiologic screening measure used in the National Health
Interview Survey since 1997.23 It is correlated with diagnostic measures of major
depressive disorder, generalized anxiety disorder, schizophrenia, and other mental
disorders.24 This paper reports the proportion of respondents who scored above a
cutoff of 13 on the K-6 scale to indicate current SPD at the time of the baseline
interview.


The adult interview also included the PTSD-Checklist Civilian Version (PCL), a
17-item symptom scale corresponding to the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders, DSM-IV criteria.25 First
validated with samples of U.S. veterans, the PCL has been validated for use with
civilian populations such as those exposed to assault, motor vehicle trauma, and life-
threatening or terminal illnesses.26–31 This outcome is referred to as current
probable PTSD to acknowledge that self-reported screening instruments do not
necessarily indicate psychopathology.32 The overall prevalence of current probable
PTSD was calculated using the sum of item responses with a cutoff of 44 which
classifies individuals as likely PTSD cases. Proxy interviews with parents and
guardians of child enrollees included an eight-question scale derived from Hoven et
al. to assess possible posttraumatic stress symptoms.33


Exposure Characterization The following information from the baseline interview
was used to characterize exposures on 9/11 among all enrollees: being caught in the
dust and debris cloud that resulted from the collapse of the WTC towers, time and
location in the dust cloud, personally witnessing potentially traumatizing events
(seeing an airplane hit either one of the WTC towers, a building collapse, people
running away, someone who was injured or killed, or people falling or jumping from
the WTC towers), and the types of injuries sustained on 9/11. Each eligibility group
also had specific questions about exposures that occurred on or after 9/11.
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Residents, for example, were asked questions about evacuation from their home,
including the date of return to their home. Building occupants who evacuated a
building on 9/11 were asked about the date of return to their workplace. Rescue/
recovery workers and volunteers were asked questions about their work site(s),
including dates worked and types of activities. Time periods selected for analysis of
post-9/11 exposures were based on characteristics developed by others using
meteorological and other environmental data, including dates when rainfall
occurred (e.g., September 14 and 19, 2001) and when the fires at the WTC site
were extinguished (December 19, 2001).34


GIS Methods Enrollees were asked about their geographic location when they first
encountered the dust cloud. Locator variables included street address (n=15,167), closest
cross street intersection (n=11,329), closest landmark (n=10,732), and the closest
subway stop (n=1,119). Geocoding occurred only if an enrollee answered yes to being
caught in the dust cloud. The New York City Department of City Planning’s (DCP) Geo-
support application was used for automated batch matching of street addresses. DCP’s
LION geodatabase (available at: http://www.nyc.gov/html/dcp/html/bytes/dwnlion.shtml)
was used for geocoding street intersections and manual, interactive address matching of
more complicated or incomplete address data.


A standard deviational ellipse was constructed, centered on the mean center of
all the geocodable locations reported by enrollees when they first encountered the
dust cloud, with its long axis in the direction of maximum dispersion and its short
axis in the direction of minimum dispersion.35,36 The 1 and 2 standard deviational
ellipses correspond to 68.2% and 95.4% of the geocoded data, respectively.


Data Analysis All enrollees were included in the data analysis. To maintain
comparability across groups, analyses of respiratory and mental health outcomes,
and total burden of illness, were restricted to adult enrollees (918 years of age) at the
time of the interview, including the 157 decedents for whom only limited data were
obtained via proxy interviews. This paper does include a brief summary of children’s
health outcomes, based on a separate analysis of the proxy interviews with parents
and guardians.


SAS® (version 9.1) was used to compute descriptive statistics and bivariate
associations between health symptoms or conditions and demographic characteristics,
risk factors, and selected event exposures and experiences.37 Chi-square and
Cochran–Armitage tests were used to determine statistical significance. Chow and
Rodgers’ Euler–Venn applet software was used to create a proportional-to-size Venn
diagram to depict overlap in eligibility criteria among enrollees.38


To construct estimates of the total number of adults eligible for the WTCHR
who experienced illness or symptoms after the attacks, the prevalence of self-
reported health problems among enrollees was applied to estimates of the total
number of persons exposed for each enrollee category.1 We first categorized all
exposed adults into three broad, mutually exclusive, hierarchical categories: (1)
rescue and recovery workers and volunteers, (2) building occupants, passersby, and
people in transit, and (3) residents south of Canal Street. For each category, two
preliminary estimates were calculated: the percentage of health problems among list-
identified and self-identified persons in the WTCHR, and the respective estimated
denominators for each of these. For all exposed population categories and all health
problems, the prevalence of self-reported disease was higher among self-identified
than among list-identified persons. To construct a plausible midpoint estimate of
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total number of ill adults, we assumed that ill persons were more likely to self-enroll
in the WTCHR. The midpoint estimate of persons made ill was therefore calculated
as the percentage of those with health problems among list-identified persons
multiplied by the total population exposed. To arrive at an upper bound estimate,
we assumed that the higher percentage of symptoms among the self-identified
persons was representative of the entire population and multiplied that percentage
by the total population exposed. To arrive at a lower bound estimate, we assumed
that even among list-identified persons, those who experienced symptoms were 50%
more likely to enroll in the WTCHR than those who did not experience symptoms.
To avoid implying more precision than is appropriate, estimates were rounded to the
nearest hundred.


RESULTS


Enrollment and Coverage by Eligibility Group
Estimates of population sizes for each of the eligibility groups and the WTCHR
coverage were reported previously.1 Both are displayed in nonmutually exclusive
groups in Table 1. The total number of people eligible to enroll in the WTCHR was
estimated at 409,492, of whom 71,437 enrolled. Based on these population
estimates, WTCHR coverage is 17.4%, ranging from 34% coverage among rescue
and recovery workers to 12% among building occupants, passersby, and people in
transit in lower Manhattan on the morning of 9/11. Coverage is highest among
police (75%), sanitation workers (62%), occupants of undamaged buildings near
the WTC site (52%), and occupants of damaged or destroyed buildings (43%).


The largest group of WTCHR enrollees includes people present in lower
Manhattan near the WTC site on the morning of 9/11(n=43,487), including
10,393 occupants of damaged or destroyed buildings, 19,900 occupants of other
nearby buildings, and 13,194 passersby or people in transit. The registry’s 30,665
rescue and recovery workers include police, firefighters, emergency medical
services workers, construction or engineering personnel, and sanitation workers
(n=14,747) as well as volunteers affiliated with organizations and unaffiliated
volunteers (n=7,389). The registry also includes 14,665 lower Manhattan residents,
2,075 students (pre-K to 12th) and 571 staff from schools in the vicinity of the WTC
site.


Twenty-six percent of enrollees met more than one eligibility criterion. The
greatest overlap was among building occupants, passersby, and people in transit
who were also either workers (n=7,695) or residents (n=6,978) or both (n=795)
(Figure 2). Among children, many students in the registry were also residents who
were present downtown on the morning of 9/11 (n=946) or nonresidents but
present downtown on the morning of 9/11 (n=615).


Overall, 30% of enrollees were recruited from lists (list-identified), and 70%
were self-identified. The percentage of list-identified enrollees ranged from 14%
among students to 37% among workers.


Enrollee Characteristics, Risk Factors, Exposures, and Injuries
Figure 1 displays enrollees’ primary residence on 9/11 by zip code for the New York
City region and nationally. On 9/11, enrollees resided in all 50 states in the U.S. and
15 other countries. Nonetheless, almost 90% of enrollees were residents of New
York State or New Jersey (Table 2). Most enrollees (65%) were residents of New
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York City on 9/11, including large numbers of Manhattan and Brooklyn residents.
Manhattan resident enrollees were concentrated in four zip codes in lower
Manhattan due to the nature of the WTCHR enrollment criteria.


Enrollees were predominantly white non-Hispanic, age 25–64 years, and had
reported annual household incomes greater than $50,000. The overall prevalence of
current smoking among enrollees (15.8%) was lower than the average prevalence
among NYC adults in 2004 (18.3%).39


More than half of all enrollees (51%) reported being caught in the dust and
debris cloud that resulted from the collapse of the WTC Towers 1 and 2. Building
occupants (71%) and school staff (64%) were most likely to report dust cloud
exposure, followed by students (52%), residents (50%), and workers (37%).
Enrollee location when first caught in the dust cloud on the morning of 9/11 was
successfully geocoded using a combination of available location variables for 24,847
of the 36,452 (68%) registrants who reported being caught in the dust cloud. Most
(91%) of the reported locations were in lower Manhattan (Figure 3) and heavily
concentrated in the immediate vicinity of the WTC site and eastward. A small
proportion of enrollees reported being present in more distant areas of Manhattan
as well as in the city’s other four boroughs, where the likelihood of being caught in
the dust cloud on the morning of 9/11 was lower.


Approximately half of enrollees reported witnessing people fleeing from the dust
cloud (53%) or collapsing buildings (47%). Many witnessed people injured or killed
(33%), people falling or jumping from a building (29%), or an airplane hitting a


FIGURE 2. Overlap of major enrollment groups in the WTC Health Registry. Due to the difficulty of
accurately representing more than three groups of greatly divergent size with a proportional circle
Venn diagram, the smallest eligibility group, Students and School Staff (n=2646), was excluded
from this figure. Its overlap is described in the text.
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building (29%). Building occupants, passersby, and people in transit, school staff
and school students were most likely to have reported witnessing any of these five
types of traumatic events (92%, 84%, and 80%, respectively). The prevalence of
any type of injury sustained on 9/11 ranged from 4% in students to 15% in workers
and 16% in building occupants, passersby, and people in transit in lower Manhattan
on the morning of 9/11. The most commonly reported injuries were cuts and sprains
or strains. Fewer enrollees reported more severe injuries such as burns, broken
bones, and concussions.


More than 7,400 adult residents (61%) reported that they evacuated their
homes on or after 9/11 (Table 3). Of those who evacuated, 9% returned as early as
September 13th, 2001. Most (92%) returned to their homes by the time of the
interview. More than 24,000 enrollees reported that they had evacuated their
workplace on 9/11, with almost 70% of these evacuees returning to their workplace
by the time of the interview. On average, workplace evacuees returned to lower
Manhattan sooner than residents.


Respiratory and Mental Health Outcomes
Overall, 67% of adult enrollees reported any new or worsening respiratory
symptom (persistent cough, shortness of breath, wheezing, throat irritation, or sinus
irritation) after 9/11 (Table 3). The prevalence of new symptoms ranged from 32%
for sinus irritation to 38% for shortness of breath; worsening symptoms were less
frequently reported, ranging from 1.6% for persistent cough to 14% for sinus
irritation (data not shown). Nearly 3% (n=1,967) of adult enrollees reported newly
diagnosed asthma after 9/11. Overall, 16% of adult enrollees screened positive for
current PTSD and 8% for serious psychological distress (SPD).


FIGURE 3. Enrollees’ self-reported locations when first caught in the dust cloud on 9/11.
Location data were successfully geocoded for 24,847 (68%) of the registrants who reported being
caught in the dust cloud.
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Demographic variables, smoking status, and source of interview were generally
significantly associated with each of the respiratory and mental health outcomes
(Table 3). Adult enrollees who were female, non-White, self-identified, or had lower
incomes tended to have higher prevalence of a new or worsening respiratory
symptom, newly diagnosed asthma, probable PTSD, and SPD.


Event experiences on 9/11 such as being in the dust cloud, witnessing a
traumatic event, and sustaining an injury were also significantly associated with a
higher likelihood of having either respiratory or mental health adverse outcomes.
Each event experience was associated with an approximately twofold or greater
increase in the prevalence of psychological distress and probable PTSD. Most
strikingly, enrollees who sustained injuries were nearly three times more likely to
develop probable PTSD than those who did not (35% vs. 13%).


Associations were also noted between 9/11 experiences and respiratory
outcomes (Table 3). Of all enrollees, rescue and recovery workers and volunteers
had the highest percentage of reported newly diagnosed asthma and the second
highest percentage of respiratory symptoms. Location of rescue and recovery work,
in particular, working on the WTC pile itself, was an important predictor of
respiratory health outcomes, as was working on the pile on 9/11. Enrollees who
worked on the WTC pile on 9/11 were more than twice as likely to have reported
newly diagnosed asthma after 9/11 as those who did not (6.3% vs. 2.7%). Location
of work was also associated with adverse mental health outcomes (Table 3).


Among eligibility groups, the prevalence of probable PTSD was highest among
building occupants, passersby, and people in transit in lower Manhattan on the
morning of 9/11 (19%), followed by residents (16%). Evacuation status and time
returning home or to work were associated with both adverse respiratory and
mental health outcomes. Residents and building occupants who did not evacuate
their home or workplace were more likely than those who evacuated to report newly
diagnosed asthma. Among evacuees, asthma was also more commonly reported by
residents who returned home within the first week (by September 19th) than those
who returned later (3.3% vs 2.4%, p=0.046). Evacuees who had not returned to
live or work in lower Manhattan had the highest prevalence of probable current
PTSD, significantly higher than enrollees who had not evacuated their home or
workplace and those who had returned to their home or workplace by the time of
the interview.


Estimated Burden of Health Problems among Adults
Estimates of the total number of adults with symptoms or newly diagnosed illness
after the attacks are shown in Table 4. Using data from the WTCHR, we estimate
that among the previously estimated eligible population of 409,492 persons,
between 124,800 and 232,200 exposed people experienced new or worsening
respiratory symptoms after 9/11, 3,800–12,600 had newly diagnosed asthma by 2 to
3 years after the event, 34,600–70,200 developed probable PTSD, and 9,700–
20,000 people experienced SPD.


Children’s Respiratory and Mental Health Outcomes
Of the 3,184 enrollees under age 18 years on 9/11, most (69%) were residents of
lower Manhattan. Nearly half (45%) of these children were caught in the dust cloud
on 9/11, half (50%) had personally witnessed disturbing events, and 53% had at
least one new or worsening respiratory symptom after 9/11. Eye irritation or eye
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injury was reported for 22% of children; other injuries on 9/11 were reported for
3% (including sprains, lacerations, burns, broken bones, or concussions). For 180
children (5.7%), asthma was newly diagnosed after 9/11. Three percent of children
met criteria for possible posttraumatic stress at interview. Dust cloud exposure was
associated with newly diagnosed asthma.40 Posttraumatic stress symptoms were
associated with dust cloud exposure and with witnessing disturbing events.


DISCUSSION


The attacks of 9/11 had adverse health impacts far beyond the immediate deaths and
injuries from the acute event. The WTC Health Registry, the largest postdisaster
registry in U.S. history, is the best opportunity to measure the magnitude of these
health problems. Our study estimates that more than 100,000 adults experienced
new or worsening respiratory symptoms after 9/11 and that tens of thousands of


TABLE 4 Estimates of total burden of illness among registrants 18 years of age and older,
based on prevalence of reported health problems in the WTCHR and estimates of populations
eligible for WTCHR enrollmenta


Parameter Lower boundb Midpointc Upper boundd


Any new or worsening respiratory symptom
Rescue–recovery workers and volunteers 32,300 41,200 61,800
Building occupants, passersby, and people
in transit


86,600 112,400 161,500


Residents south of Canal St. 5,900 7,600 8,900
Total 124,800 161,200 232,200
Newly diagnosed asthma
Rescue–recovery workers and volunteers 1,100 1,600 3,700
Building occupants, passersby, and people
in transit


2,400 3,700 8,300


Residents south of Canal St. 300 400 600
Total 3,800 5,700 12,600
Serious psychological distress
Rescue–recovery workers and volunteers 1,700 2,500 3,400
Building occupants, passersby, and people
in transit


7,700 11,400 16,000


Residents south of Canal St. 300 400 600
Total 9,700 14,300 20,000
Probable PTSD
Rescue–recovery workers and volunteers 7,300 10,600 13,700
Building occupants, passersby and people
in transit


26,500 38,000 54,700


Residents south of Canal St. 800 1,100 1,800
Total 34,600 49,700 70,200


aBurden estimates are rounded to the nearest hundred.
bLower bound estimate adjusts for the possibility that even among listed persons, those ill were 50% more


likely to enroll in the WTCHR. The lower bound estimate is the product of the total population exposed and the
ratio of A to B, where (A) is the number of list-identified persons who were ill and (B) is the sum of the number
of list-identified persons who were healthy ×1.5 and the number of list-identified persons who were ill.


cMidpoint estimate is the product of the percent ill among list-identified persons and the total population exposed
dUpper bound estimate is the product of the percent ill among self-identified persons and the total population


exposed
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cases of probable PTSD and thousands of cases of newly diagnosed asthma
developed in the first 2 to 3 years after the event. Our findings raise awareness that
these adverse health impacts extended beyond workers involved in rescue and
recovery to encompass building occupants, residents, passersby, and people in
transit in lower Manhattan on 9/11. These findings also underscore the value of the
WTCHR as a resource to inform health care services, project needs for affected
populations, and link affected individuals to services.


Systematic measurement of 9/11 exposures identified that registry enrollees were
heavily exposed to physical and psychological risks, including being caught in the
dust cloud, witnessing traumatic events, and sustaining injuries. These exposures
correlated strongly with health symptoms. National estimates of expected adult
asthma incidence are limited and vary in their range (3-year rates range from 0.8%
to 1.6%); all are two to four times lower than the reported asthma incidence among
enrollees 2–3 years after 9/11.41–43 Symptoms compatible with PTSD were approx-
imately four times higher than national estimates of current PTSD from disparate
trauma sources (16% vs. 4%).44 Among enrollees identified through lists, groups
which may have been less subject to self-selection bias, PTSD (12.7%) levels were
substantially higher than expected background rates. New diagnosis of asthma in the
list-identified group (1.6%) was comparable to the higher end of the national estimate
spectrum, but was significantly associated with reported disaster exposures (being
caught in the dust cloud, sustaining an injury on 9/11).


To date, the WTCHR has a number of in-depth studies published that examine
the health impacts on specific populations (Table 5). These studies give additional
details on respiratory and mental health findings, as well as more detailed analyses
of risk factors and the dose-response association between exposures and health
outcomes.12,15,16,21,40 We found that self-reported new diagnosis of asthma was
highest among rescue and recovery workers, particularly those working directly on
the WTC pile. A previously published WTCHR study of asthma-free workers and
volunteers who worked on the WTC site examined the impact of work-related
exposures on new diagnosis of asthma and found early arrival time, duration of work
on the WTC site, working directly on the pile, and being caught in the initial dust
cloud to be independent predictors of developing the condition.12 Other focused
studies of rescue and recovery workers have also identified that persons with more
intense or prolonged exposure to the WTC collapse and immediate disaster site had
more severe respiratory symptoms, conditions, or lung function decline.8–11,45


Among lower Manhattan adult residents and office workers, asthma and new or
worsening respiratory symptoms were more commonly reported among those who
did not evacuate at all and those who returned early, in the first week after the
attacks, compared to those who returned later. Few studies have examined
exposures and health outcomes in lower Manhattan residents or office workers,
but elevated respiratory symptoms have been reported elsewhere.46–49


Few postdisaster studies have addressed new diagnosis of asthma, and no
previous disaster is directly comparable to the collapse of the WTC towers on 9/11.
Asthma exacerbations have been reported in association with natural disasters,
including wild land fires, earthquakes, hurricanes, and volcanic eruptions and
wartime exposures to oil fire smoke.50–54 In the occupational setting, some multicase
outbreaks have been described, including irritant-induced asthma among police
responding to a roadside spill of chemicals used for polymerized plastic coatings,
hospital staff following a spill of acetic acid, and those living or working near a spill
of metam sodium pesticide.55–57
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The prevalence estimates of current, probable PTSD among enrollees 2–3 years
after the attacks were higher than those based on self-report from random digit
dialed studies in New York City among Manhattan residents conducted 6 to
8 weeks after 9/11 (7.5%), among all New York City adults conducted at 4 and
6 months post-9/11 (2.3 and 1.5%, respectively), as well as national estimates for
the general population after 9/11 (4%).20,58–61 Studies done within the first year of
other man-made disasters have reported PTSD prevalence in the range of 1% to
11% among the general population and 25–75% among survivors, including a
prevalence of 34% among survivors of the Oklahoma City bombing.62–69 In our
study, the PTSD prevalence in each WTCHR eligibility group at 2–3 years post-9/11
falls between these ranges reported for the general population and survivors of other
disasters. This is likely due, in part, to the fact that lower Manhattan residents,
building occupants, passersby, and people in transit as well as rescue and recovery
workers experienced both direct and indirect exposures to 9/11. AWTCHR study of
rescue and recovery workers found that those at highest risk of PTSD were in
occupations least likely to have had prior disaster training or experience, including
unaffiliated volunteers (24.7%) and construction or engineering workers (20.8%).
Other risk factors included duration of work, earlier arrival, and performing
activities uncommon for one’s occupation (Table 5).16


Consistent with theories about the causes of PTSD, the prevalence of probable
PTSD was higher among enrollees who reported direct exposures on 9/11 indicative
of life threat such as sustaining an injury (35%), being caught in the dust cloud
(22%), or witnessing a traumatic event (20%). Our findings are consistent with
known demographic risk factors for PTSD, including female gender, minority racial/
ethnic status, low-income, and middle age in adults.58,61,68,70–76 The relationship
between income and PTSD was particularly strong, with persons reporting a
household income less than $25,000 having PTSD levels nearly four times as high as
those reporting a household income of $150,000 or greater. The other mental health
outcome we measured among enrollees was SPD. While less specific in nature, SPD
measures psychological distress that is quite severe, usually affecting one’s
functionality.24 The prevalence of probable SPD measured among registry enrollees
2–3 years after 9/11 was significantly higher than the citywide prevalence among
New York City adult residents during a similar time period (8% compared to 5% in
2003).77


This study has important limitations. The first pertains to the issue of selection
bias. Although extensive efforts were made to have a high level of participation in
the registry and more than 70,000 persons chose to enroll, the percentage of the
estimated eligible persons who enrolled in the registry was low (17.4%), and most
enrollees were self-identified. While there were no direct medical, legal, or financial
benefits to enrolling in the registry, it is reasonable nonetheless to assume that
persons experiencing symptoms were more likely to make the effort to enroll in the
registry than those who remained symptom-free. The prevalence of health problems
may thus have been overestimated, particularly among the self-identified enrollees. A
related potential source of bias is differential enrollment of residents by evacuation
status. However, eligible individuals who evacuated after 9/11 would also have been
included in the recruitment list building effort, traced intensively in the locating
effort by the survey vendor, and exposed potentially to the intensive media and
outreach campaigns (e.g., bus, subway, ferry, newspaper, and radio ads).


While the registry is not fully representative, information is available on the
population from which the enrolled participants came. Unlike case series studies, the
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degree of representativeness of registry findings can thus be estimated, and inferences
can be made about disease rates; representativeness can be further improved by
considering persons recruited from lists, who are less subject to self-selection bias.


A second major limitation pertains to the possibility of recall bias. The registry
collected data 2–3 years after the event and relied on self-reported exposure and
health information. Enrollees with greater exposure to the disaster may have been
more likely to recall symptoms and connect symptoms to the disaster than enrollees
with lesser exposure. A related limitation is that timing and severity of symptoms
was not collected, and we were unable to distinguish symptoms that resolved
immediately or by the time of interview from persistent ones. On the other hand,
despite the lack of objective exposure information, we collected detailed information
about occupation, location at the time of the event, and duration at high-impact
locations that enable the development of proxy measures of exposure to dust or
other risks that are less subject to recall bias.


In spite of these limitations, the WTCHR and this study provide a unique
perspective on the health effects of the 9/11 disaster. By collecting systematic health
information on a wide and diverse group of persons exposed to health risks, it offers
among the best estimates of how many people were heavily exposed and the magnitude
of adverse health effects. The resultant picture that emerges confirms that the World
Trade Center disaster had substantial health implications for large numbers of people,
including residents and building occupants who comprise understudied populations
post-9/11. Registry data were used to inform the development of physician guidelines
and the expansion of 9/11-related services for residents through city-funded programs,
including a mental health benefits program and an Environmental Health Center of
Excellence described in detail elsewhere (www.nyc.gov/9-11healthinfo).


This paper is the first to provide an overview of selected physical and mental
health effects on affected adults within the first 2–3 years of the 9/11 attacks and
aftermath. More focused studies are needed to fully investigate the relationship
between exposures and health problems, and to characterize the severity and
duration of the health effects. The World Trade Center Health Registry continues to
track enrollees through periodic health surveys, in-depth studies and periodic
matches to vital records, cancer registries, and other health data. It will continue to
serve as a key resource to study the duration, scope, and severity of health impacts,
identify subgroups for more in-depth studies, guide decisions about medical care and
other services, and connect individual people to the specific services they need.
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ORIGINAL ARTICLE


Reported Respiratory Symptoms and Adverse Home Conditions after 9/11
among Residents Living near the World Trade Center


SHAO LIN, M.D., PH.D.,1 RENA JONES, M.S.,1∗ JOAN REIBMAN, M.D.,2 JAMES BOWERS, M.P.H.,1
EDWARD F. FITZGERALD, PH.D.,3 AND SYNI-AN HWANG, PH.D.1


1Center for Environmental Health, New York State Department of Health, Troy, New York, USA
2New York University School of Medicine, Department of Medicine, Division of Pulmonary and Critical Care Medicine, New York, USA


3University at Albany, SUNY, School of Public Health, Rensselaer, New York, USA


This study investigated whether self-reported damage, dust, and odors in homes near the World Trade Center (WTC) after September 11, 2001,
were related to increased rates of respiratory symptoms among residents and if multiple sources of exposure were associated with greater health
risk. We mailed questionnaires to homes within 1.5 km of the WTC site (affected area) and in upper Manhattan (control area). Surveys asked about
respiratory symptoms, unplanned medical visits, physician diagnoses, medication use, and conditions in the home after 9/11. Adverse home conditions
were associated with new-onset (i.e., began after 9/11) and persistent (i.e., remained 1 year after 9/11) upper and lower respiratory symptoms in the
affected area (Cumulative Incidence Ratios [CIRs] 1.20–1.71). Residents reporting longer duration of dust/odors or multiple sources of exposure had
greater risk for symptoms compared to those reporting shorter duration and fewer sources. These data suggest that WTC-related contamination in
the home after 9/11 was associated with new and persistent respiratory symptoms among residents living near the site. While we cannot eliminate
potential biases related to self-reported data, we took strategies to minimize their impact, and the observed effects are biologically plausible.


Keywords World Trade Center, 9/11, respiratory health, asthma, community health


INTRODUCTION


The attacks on the World Trade Center (WTC) on Septem-
ber 11, 2001 (9/11), resulted in extensive environmental con-
tamination of the surrounding area. The collapse of the towers
and combustion products from the fires resulted in dust and
odors that lasted for months afterward. Dust particles released
into the air contained known respiratory irritants, including
cement, asbestos, and glass fibers (1). Subsequently, as WTC
dust eventually settled on surfaces and inside buildings, the
indoor environment of homes around the site was contam-
inated (2). Residents near the site who were home on 9/11
were evacuated through the dust and smoke and may have
had significant exposure to pollutants. Official recommenda-
tions for cleaning after residents returned included the use
of high-efficiency particulate air (HEPA) filter vacuums, wet
mops, and other self-cleaning methods (3).


Surface dust can be suspended in the air and inhaled and
may stimulate or exacerbate respiratory symptoms or aller-
gies. Dusts and other indoor contaminants have been associ-
ated with increased rates of respiratory symptoms (4, 5). Our
previous studies found that residents in the affected area re-
ported higher rates of new-onset (i.e., began after 9/11) upper
and lower respiratory symptoms compared to residents in a
control area and that most symptoms were persistent 1 year
after 9/11 (6, 7). This finding was consistent with a study of
New York City (NYC) transit workers who still had increased
rates of lower respiratory symptoms 7 months after 9/11 (8).
Studies of firefighters involved in the response showed pos-


∗Corresponding author: Rena Jones, Bureau of Environmental and Oc-
cupational Epidemiology, New York State Department of Health, 547 River
Street, Room 200, Troy, NY 12180; E-mail: rrj01@health.state.ny.us


itive associations between intensity of exposure and the de-
velopment and persistence of airway hyper-reactivity (9, 10).
No studies have specifically addressed the post-9/11 home
environment and its relationship to respiratory health among
residents living near the WTC site.


This study investigated whether specific adverse conditions
in the home after 9/11 were related to increased incidence and
persistence of upper and lower respiratory symptoms among
residents near the former WTC site. Using home condition
as a surrogate for exposure, we focused on characteristics
that related to the disaster: settled dusts, odors, and build-
ing damage. We examined whether conditions in the home
were associated with increases in medical care utilization,
lower respiratory diagnoses, or respiratory medication use
after 9/11. Furthermore, we examined whether duration, fre-
quency, or multiple sources of exposure were associated with
a greater risk for symptoms in residents.


METHODS


Study Design and Population
As described in our previous papers (6, 7), this retrospec-


tive cohort study was conducted among residents in selected
“affected” and “control” areas during the 8- to 16-month pe-
riod after 9/11. The affected area included 49 buildings within
approximately 1.5 km of the WTC site, and control area res-
idents lived in five buildings located further than 9 km north
of the site (a map of our study areas has been published) (7).
Self-administered individual and household questionnaires
were mailed to residences in both areas, and study pack-
ets were delivered to residences or left in buildings where
postal service was problematic. As described previously (6,
7), outreach and publicity to improve the response rate were
intensive. To estimate potential selection bias, one building
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in the affected area and two buildings in the control area were
targeted for additional outreach activities by staff. We com-
pared information collected from these target areas to the rest
of the cohort to determine if the associations remained.


All residents of the study buildings were eligible to par-
ticipate. To reduce exposure misclassification and impacts
from relocation, we excluded individuals who (1) were born
after 9/11; (2) did not live at their current residence on 9/11;
(3) moved from their residence and returned after Decem-
ber 31, 2001; and (4) lived in the control area but worked in
the affected area. We also excluded individuals who reported
a post-9/11 diagnosis of unspecified cardiovascular disease
because symptoms might mimic respiratory illness. To mini-
mize the effect of a potential reporting bias between the study
areas, we restricted most analyses to the affected area only.


Study Procedures and Data Collection
Study packets containing a household survey and individ-


ual surveys were mailed and hand-delivered to 9,168 resi-
dences in the affected area and to 962 in the control area. The
individual survey requested information on each resident’s
respiratory symptoms, unplanned medical visits, medication
use, physician diagnoses of respiratory illness, and respira-
tory comfort. For each symptom, we asked whether it oc-
curred in the past 12 months, started or worsened after 9/11,
and about its frequency and severity. Surveys for children
under 12 years of age were completed by an adult.


The household survey contained questions about condi-
tions in the home immediately after 9/11, including physi-
cal damage, dusts, odors, and their frequency and duration.
Residents also reported cleaning, sampling, and inspection
activities in the home after 9/11.


Outcome Definitions
We defined health outcomes based on reported upper and


lower respiratory symptoms and the time period when symp-
toms occurred. Upper respiratory symptoms included eye,
nose or throat irritation, nasal or sinus congestion, nose-
bleeds, and recurring headaches. Lower respiratory symp-
toms included wheeze, chest tightness, shortness of breath,
and cough. To estimate incidence of new disease, we assessed
lower respiratory symptoms among “previously healthy” res-
idents (i.e., no diagnoses of asthma, chronic obstructive pul-
monary disease [COPD], chronic bronchitis, or other lung
disease before 9/11). We defined “any new-onset” upper or
lower respiratory symptom as at least one symptom that began
after 9/11. “Any persistent new-onset” symptom was at least
one new-onset symptom that bothered the respondent with
some frequency in the past 4 weeks, i.e., “some” or “a lot”
(upper respiratory symptoms), and “2 to 6 days each week”
or “every day” (lower respiratory symptoms). Self-reported
respiratory comfort at different levels of exertion included
shortness of breath (SOB) when walking “up a slight hill,”
“with other people of your own age on level ground,” and “at
your own pace on level ground.”


To reduce bias from self-reported information, we as-
sessed more objective indicators of respiratory health among
previously healthy individuals. These measures included
unplanned medical visits after 9/11 (i.e., to a doctor, emer-
gency room [ER] or urgent care center, or an overnight hos-


pital stay because of asthma, wheezing, cough, shortness of
breath, chest tightness, or other breathing problem) and new
diagnoses of lower respiratory illness (i.e., a diagnosis of
asthma, COPD, chronic bronchitis, or other lung disease af-
ter 9/11). We also obtained information on the initiation, in-
creased dose, and frequency/continued use of oral or inhaled
medication for relief of breathing symptoms. We assessed
results from a screening spirometry test (including forced
expiratory volume in 1 second [FEV1], forced vital capacity
[FVC],FEV1/FVC, and forced expiratory flow [FEF25−75]) in
a subset of participants to determine if there was any associa-
tion between reported conditions after 9/11 and lung function.


Exposure Definitions
Home conditions variables were created based on re-


sponses from the household questionnaire. “Any physical
damage” included the report of any of the following: windows
broken, broken building pieces present, and structural, inte-
rior wall, or furnishings damage. We also asked residents if
they experienced dust or odors in the home that they perceived
to be a result of the disaster or clean-up. Quantitative ques-
tions addressed the duration (“none,” “less than 1 month,”
“1 to 3 months,” “3 to 6 months,” and “still going on”) and
frequency (“once in a while,” “at least once a week,” “at least
once a day,” and “all the time”) of these dusts or odors after
9/11. Finally, we asked if the home had been “professionally
cleaned,” if a resident had “cleaned myself,” if ventilation
ducts were cleaned, and if any inspections were completed
(i.e., by a city or other agency or building management) after
9/11.


To assess dose-response relationships between levels of ex-
posure and respiratory symptoms, longer durations or greater
frequency of exposure to dust or odors in the home were com-
pared to the reference groups (answering “less than once per
month” or “once in a while,” respectively). A “combined ex-
posure index” was defined as follows: (1) residence exposure
only (live below [i.e., South of] Canal Street); (2) both live
and physically present below Canal Street on 9/11; (3) all
three exposures (live, work, and present below Canal Street
on 9/11). The reference group included control area residents
who did not work below Canal Street and were not present
there on 9/11 (i.e., none of the three exposures). Other combi-
nations of the exposure, including residents who worked but
did not live in the affected area, were too few to be analyzed
or met exclusion criteria.


Statistical Methods
The responses to the household questionnaire were linked


to the individual surveys containing the health data. To ensure
independent reporting of symptoms by home conditions, we
randomly selected one individual per household for analysis
(SAS Institute Inc., Cary, NC) (11).


In the bivariate comparisons, χ 2 analysis was applied to
test for significant differences. We computed Cumulative In-
cidence Ratios (CIRs) and used 95% confidence intervals
(95% CI) to estimate the precision of risk estimates. Ref-
erence groups included residents who did not report the
conditions. We applied categorical tests for trend to assess
dose-response relationships. Multivariate analysis was per-
formed with unconditional logistic regression to control for
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potential confounders, including age, gender, race, education,
and smoking. The highest level of education attained in the
household was used as an indicator of socioeconomic sta-
tus (SES) because education was reported more completely
than other indicators, such as income. Due to correlations
between some of the home conditions, we introduced each
exposure variable into the regression model separately. Be-
cause the respiratory outcomes measured are not rare events,
odds ratios from logistic regression probably overestimate
true risk. For this reason, we report crude CIRs and used lo-
gistic regression only to determine if the associations in the
bivariate analyses remained significant after controlling for
confounders. Significance was indicated if the association
remained and p < 0.05.


RESULTS


Response and Resident Mobility
As reported previously, the household response rates were


22.3 and 23.3% in the affected and control areas, respectively,
and 43.8 and 40.3% in the target areas (6,7). There were 1,480
respondents eligible for analysis, including 1,317 residents of
the affected area and 113 in the control area. Occupational sta-
tus (i.e., working or not) and physical presence below Canal
Street on 9/11 was well-reported (2.8% and 0.9% missing,
respectively), although work location among those employed
on 9/11 was not (19.1% missing). Because many affected area
residents were evacuated and some remained away for an ex-
tended period of time, we assessed their mobility patterns.
The majority of affected area residents reported being home
(84.3%) and present below Canal Street (90.8%) on 9/11. Of
those who reported moving and who left the area on 9/11
(75.8%), 49.8% had returned by September 30th, 72.9% by
October 31st, and 89.1% by November 30th. There was no
association between time spent at the residence and reported
respiratory symptoms.


Home Conditions and Respiratory Disease
A total of 30.7% of affected area residents reported some


physical damage to their home after 9/11, in contrast to the
control area, where there were no reports of damage (Table 1).
Affected area residents reported significantly higher rates of
dust present (86.4%) compared to control subjects (23.3%),
higher rates of odors (77.9% vs. 39.9%), and duration of
dust or odors for 3 months or longer (60.7% vs. 9.1%). Dust
or odors present “all the time” was reported in 62.8% of
affected area and 14.1% of control area residents. Differences
in cleaning activities after 9/11 were also apparent, including
professional cleaning (31.5% vs. 6.8%), self-cleaning (74.3%
vs. 43.6%), and ventilation duct cleaning (28.8% vs. 8.6%).
Finally, affected area residents reported more air sampling
(10.0% vs. 0.6%), debris or dust sampling (5.6% vs. 0%),
and inspections completed (20.3% vs. 2.5%) than control
area residents.


Table 2 describes the association between reported con-
ditions, cleaning, or inspections completed and new-onset
respiratory symptoms among affected area residents (crude
CIRs reported). After adjusting for multiple confounders, all
conditions remained significantly associated with reporting
any new-onset upper respiratory symptom (CIRs 1.20–1.35).
Nosebleeds and recurring headaches had the highest CIRs


TABLE 1.—Home conditions, cleaning, sampling and inspection activities after
9/11, by area.


Affected (n = 1317) Control (n = 163)Home conditions, cleaning,
sampling and inspection activities n % n % p∗


Any physical damage‡ 404 30.7 0 0.% <0.0001
Dust present on surfaces 1138 86.4 38 23.3 <0.0001


or in air
Odor present 1026 77.9 65 39.9 <0.0001
Duration of dust or odors† <0.0001


<1 month 143 12.6 81 81.8
1–3 months 305 26.8 9 9.1
3–6 months 493 43.3 5 5.1
>6 months 198 17.4 4 4.0


Frequency of dust or odors† <0.0001
Once in a while 131 11.8 35 49.3
Once a week 97 8.7 9 12.7
Once a day 185 16.7 17 23.9
All the time 697 62.8 10 14.1


Home professionally 415 31.5 11 6.8 <0.0001
cleaned


Home self-cleaned 978 74.3 71 43.6 <0.0001
Ventilation ducts cleaned 379 28.8 14 8.6 <0.0001
Air samples collected 132 10.0 1 0.6 <0.0001
Debris/dust samples 74 5.6 0 0.0 0.0019


collected
Inspected by agency 267 20.3 4 2.5 <0.0001


or professional


‡Includes reports of broken windows, broken building pieces present inside, structural
damage, and damage to interior walls or furniture immediately after the World Trade Center
disaster.


∗p values from χ2 or Fisher’s exact test.
†N not equal to total for affected area due to missing data and because some categories


are not mutually exclusive.


(data not shown). Dust present showed the strongest associ-
ation with any upper respiratory symptom (CIR 1.35, 95%
CI: 1.18,1.54). Home conditions were also associated with
new-onset lower respiratory symptoms (CIRs 1.31–1.50),
and symptoms were most strongly associated with duration
of dust or odor in the home for 3 months or longer (CIR
1.50, 95% CI:1.33,1.68). SOB and chest tightness were most
strongly associated with these conditions (data not shown).
Associations found in the target areas were generally sim-
ilar or stronger (data not shown). Self-reported SOB (i.e.,
respiratory comfort) at varying levels of exertion was also
significantly associated with home conditions. Cleaning and
inspection activities were not significantly related to respira-
tory symptoms (CIRs 0.98–1.10).


Adverse home conditions after 9/11 were also associ-
ated with the persistence of respiratory symptoms (Table
3). The rate of persistent new-onset upper respiratory symp-
toms was significantly higher among residents reporting
any adverse home condition (CIRs 1.23–1.71), and phys-
ical damage was the strongest risk factor for persistence
(CIR 1.71, 95% CI: 1.52,1.92). Residents reporting any of
these conditions also had higher rates of at least one per-
sistent new-onset lower respiratory symptom (CIRs 1.38–
1.61), which were most strongly associated with duration
of dust or odors for 3 months or longer (CIR 1.61, 95% CI:
1.39,1.86). The persistent symptoms most strongly associated
with any of the conditions were nosebleed, SOB, and chest
tightness.


Other Measures of Outcomes
The relationship between home conditions after 9/11 and


unplanned medical visits (n = 1,085) or new diagnoses of
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TABLE 2.—New-onset upper and lower respiratory symptoms among affected area residents, by home conditions, cleaning, and inspection activities after 9/11.


Any new-onset Any new-onset
upper respiratory symptoms∗ lower respiratory symptoms†Home conditions, cleaning


and inspections n (%) CIR (95% CI) n (%) CIR (95% CI)


Any physical damage‡ 343 (84.9%) 1.27 (1.19–1.34)§ 225 (67.6%) 1.31 (1.18–1.45)§


Dust present on surfaces or in air 856 (75.2%) 1.35 (1.18–1.54)§ 548 (58.9%) 1.41 (1.16–1.70)§


Odor present 778 (75.8%) 1.24 (1.12–1.37)§ 503 (60.2%) 1.37 (1.18–1.59)§


Dust/odor duration ≥ 3 months 562 (81.3%) 1.29 (1.21–1.39)§ 370 (66.9%) 1.50 (1.33–1.68)§


Dust/odor frequency at least once a day 674 (76.4%) 1.20 (1.10–1.31)§ 445 (62.0%) 1.35 (1.17–1.56)§


Ventilation ducts cleaned 282 (74.4%) 1.04 (0.96–1.11) 181 (56.9%) 1.01 (0.90–1.13)
Self-cleaned 717 (73.3%) 1.04 (0.96–1.13) 462 (57.0%) 1.04 (0.92–1.17)
Professionally cleaned 307 (74.0%) 1.03 (0.96–1.10) 189 (55.6%) 0.98 (0.87–1.09)
Inspected by agency or professional 209 (78.3%) 1.10 (1.02–1.19) 129 (59.2%) 1.06 (0.94–1.20)


∗Includes reports of eye, nose or throat irritation, nasal or sinus congestion, nosebleeds, and recurring headaches.
†Includes reports of wheezing, chest tightness, shortness of breath, and coughing among previously healthy (no physician diagnosis of asthma, chronic obstructive pulmonary disease,


chronic bronchitis, or other lung disease before 9/11).
‡Includes reports of broken windows, broken building pieces present inside, structural damage, and damage to interior walls or furniture.
§The effect was still statistically significant (p < 0.05) after adjustment for age, race, education, gender, and smoking.
The reference group includes residents who did not report the specific home condition.


respiratory disease (n = 245) in previously healthy residents
of the affected area is presented in Table 4. The incidence
of unplanned medical visits was associated with physical
damage (CIR 1.68, 95% CI: 1.26,2.24), dust present (CIR
1.85, 95% CI: 1.07,3.17), and duration of dust or odors for
3 months or longer (CIR 1.88, 95% CI: 1.37,2.57). Rates of
new lower respiratory disease diagnoses were significantly
higher among individuals reporting a frequency of dust or
odors in the home of at least once a day (CIR 1.85, 95% CI:
1.03,3.34).


Adverse home conditions were also associated with respi-
ratory medication use (Table 5). Physical damage was signif-
icantly associated with medication use that began after 9/11
(CIR 1.47, 95% CI: 1.12,1.94), increased after 9/11 (CIR
2.10, 95% CI 1.08,4.10), and with use in the past 4 weeks
(CIR 1.72, 95% CI: 1.28,2.32). Duration of dust and odors
for 3 months or longer was associated with medication use
that began after 9/11 (CIR 1.39, 95% CI: 1.04,1.85), but not
with increased or recent use. There were no significant differ-
ences in lung function measures between residents reporting


TABLE 3.—Persistent new-onset upper and lower respiratory symptoms among residents of the affected area, by home conditions, cleaning, and inspection activities
after 9/11.


Any persistent new-onset Any persistent new-onset
upper respiratory symptoms∗ lower respiratory symptoms†


Home conditions, cleaning
and inspections n (%) CIR (95% CI) n (%) CIR (95% CI)


Any physical damage‡ 243 (60.2%) 1.71 (1.52–1.92)§ 192 (57.7%) 1.44 (1.27–1.64)§


Dust present on surfaces or in air 512 (45.0%) 1.52 (1.20–1.92)§ 440 (47.3%) 1.38 (1.10–1.74)§


Odor present 471 (45.9%) 1.42 (1.19–1.70)§ 408 (48.9%) 1.44 (1.19–1.73)§


Dust/odor duration ≥3 months 350 (50.7%) 1.51 (1.32–1.73)§ 306 (55.3%) 1.61 (1.39–1.86)§


Dust/odor frequency at least once a day 401 (45.6%) 1.23 (1.05–1.46)§ 364 (50.7%) 1.45 (1.21–1.74)§


Ventilation ducts cleaned 154 (40.6%) 0.93 (0.81–1.07) 162 (50.9%) 1.18 (1.03–1.35)
Self-cleaned 423 (43.3%) 1.03 (0.89–1.19) 378 (46.7%) 1.12 (0.95–1.31)
Professionally cleaned 171 (41.2%) 0.94 (0.82–1.08) 152 (44.7%) 0.98 (0.85–1.13)
Inspected by agency or professional 122 (45.7%) 1.08 (0.93–1.26) 108 (49.5%) 1.12 (0.96-1.30)


∗Includes reports of eye, nose or throat irritation, nasal or sinus congestion, nosebleeds, and recurring headaches.
†Includes reports of wheezing, chest tightness, shortness of breath, and coughing among previously healthy (no physician diagnosis of asthma, chronic obstructive pulmonary disease,


chronic bronchitis, or other lung disease before 9/11).
‡Includes reports of broken windows, broken building pieces present inside, structural damage, and damage to interior walls or furniture.
§The effect was still statistically significant (p < 0.05) after adjustment for age, race, education, gender, and smoking.
The reference group includes residents who did not report the specific home condition.


adverse home conditions and those who did not (data not
shown).


Dose-Response
Since positive associations were found between reported


home conditions after 9/11 and respiratory symptoms, we
assessed potential dose-response relationships. As demon-
strated in Figure 1, a dose-response curve was found for
reported duration of dust or odors and all four disease in-
dicators, including new-onset and persistent upper and lower
respiratory symptoms. Equivalently, as the reported length
of time of dust or odors in the home increased, so did the
risk for respiratory symptoms. Similar trends were observed
for the association between respiratory symptoms and an in-
creasing frequency of dust or odors but were not significant
after adjusting for multiple confounders (data not shown).


Using the combined exposure index, we assessed the asso-
ciation between exposure proxies and respiratory symptoms
(Table 6). Residence in the affected area was an important
risk factor, and the risk for respiratory symptoms increased
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TABLE 4.—Unplanned medical visits∗ and new diagnoses of lower respiratory disease†, among previously healthy‡ residents of the affected area, by home conditions
after 9/11.


Unplanned medical visit(s) for New (since 9/11) diagnosis of
respiratory problems in past 12 months lower respiratory disease


Home conditions n (%) CIR (95% CI) n (%) CIR (95% CI)


Any physical damage§ 67 (20.1) 1.68 (1.26–2.24)∗∗ 36 (32.1) 0.97 (0.68–1.40)
Dust present on surfaces or in air 144 (15.5) 1.85 (1.07–3.17)∗∗ 72 (33.3) 1.21 (0.65–2.24)
Odor present 127 (15.2) 1.27 (0.87–1.83) 66 (36.9) 1.74 (1.05–2.87)
Dust/odor duration ≥3 months 105 (19.0) 1.88 (1.37–2.57)∗∗ 53 (37.3) 1.38 (0.92–2.04)
Dust/odor frequency at least once a day 114 (15.9) 1.25 (0.87–1.79) 61 (36.3) 1.85 (1.03–3.34)∗∗


∗Includes unplanned visits to a doctor, an emergency room or urgent care center, or overnight hospital stays because of asthma, wheezing, cough, shortness of breath, chest tightness, or
other breathing problem.


†Includes asthma, chronic obstructive pulmonary disease, chronic bronchitis, or other lung disease.
‡No physician diagnosis of asthma, chronic obstructive pulmonary disease, chronic bronchitis, or other lung disease before 9/11.
§Includes reports of broken windows, broken building pieces present inside, structural damage, and damage to interior walls or furniture.
∗∗The effect was still statistically significant (p < 0.05) after adjustment for age, race, education, gender, and smoking.
The reference group includes residents who did not report the specific home condition.


with each additional exposure reported. Residents reporting
all three exposure proxies had the highest risk of respiratory
symptoms (CIRs 2.98–5.14).


DISCUSSION


Home Environment and Respiratory Disease
The 9/11 attacks on the WTC generated dusts that set-


tled into buildings nearby. Over one third of the homes in
the affected area reported physical damage, and rates of dust
and odors in the home after 9/11 were three to four times
higher among affected area residents compared to control
subjects. Over 40% of residents in the affected area reported
dust and odors remaining for 3 to 6 months after 9/11. Rates of
any new-onset upper respiratory symptom were 20% to 35%
higher among affected area residents reporting dust and odors
exposure, and rates of new lower symptoms were 31% to 50%
higher compared to those not reporting such exposures. Stud-
ies showing that dust from the WTC contained a mix of par-
ticulate matter and potential respiratory irritants, including
synthetic vitreous fibers, heavy metals, and other inorganic
substances(12,13), provide biologic plausibility. These find-
ings are also consistent with increased rates of new-onset and


TABLE 5.—Respiratory medication use∗ among previously healthy† residents of
the affected area, by home conditions after 9/11.


Med use started Med use increased Med use in past
after 9/11 after 9/11 4 weeks


Home conditions CIR (95% CI) CIR (95% CI) CIR (95% CI)


Any physical 1.47 (1.12–1.94)§ 2.10 (1.08–4.10)§ 1.72 (1.28–2.32)§
damage‡


Dust present on 1.41 (0.89–2.22) 5.28 (0.73–38.3) 2.04 (1.13–3.68)
surfaces/air


Odor present 1.18 (0.83–1.67) 0.91 (0.42–2.00) 1.30 (0.88–1.92)
Dust/odor duration 1.39 (1.04–1.85)§ 2.25 (1.05–4.82) 1.64 (1.18–2.27)


≥3 months
Dust/odor 1.46 (1.01–2.10) 2.33 (0.82–6.61) 1.47 (0.98–2.20)


frequency at least
once a day


∗Includes medicine, pills, pump, or inhaler for relief of breathing symptoms.
†No physician diagnosis of asthma, chronic obstructive pulmonary disease, chronic


bronchitis, or other lung disease before 9/11.
‡Includes reports of broken windows, broken building pieces present inside, structural


damage, and damage to interior walls or furniture.
§The effect was still statistically significant (p < 0.05) after adjustment for age, race,


education, gender, and smoking.
∗∗The reference group includes residents who did not report the specific home condition.


persistent respiratory symptoms in affected area residents (6,
7) and increased respiratory health problems in workers in-
volved in the recovery and clean-up at the WTC site (9, 14).


In addition to new-onset symptoms, we found a 23% to
71% elevation in persistent upper respiratory symptoms and
a 38% to 61% elevation in persistent lower symptoms among
residents reporting adverse home conditions related to 9/11.
Residence in the affected area may reflect a potential for
greater dust and odor exposures, as many residents reported
dust or odor lasting for several months. Building condition
and its relationship to persistent respiratory symptoms is well
documented in working populations (15, 16) where identi-
fied sources of exposure include dust and mold, chemicals
from cleaning products, and building materials such as ce-
ment and asbestos. Similar irritants were present in the dust
that resulted from the attacks on the WTC (2) and may have
contributed to symptoms that continued to bother residents
with considerable frequency nearly a year after 9/11. This
finding is supported by the persistence of respiratory symp-
toms in firefighters 6 months after 9/11 (9).


Because self-reported symptoms may be biased, we in-
vestigated whether more objective indicators of respiratory
health would yield similar associations with home conditions.
We identified a significantly higher rate of new, increased,
and recent respiratory medication use for relief of symptoms
among residents reporting damage to the home. Unplanned
medical visits were elevated by 88% with respect to some
conditions. This is consistent with findings from Szema et al.
(17), showing that clinic visits and medication use for asthma
increased in a pediatric population of asthmatics after 9/11.
New lower respiratory diagnoses were associated with re-
ported frequency of dust or odor in the home, indicating a
consistent relationship between respiratory health and per-
sisting exposure.


We also observed a positive dose-response between surro-
gates for exposure and both new and persistent respiratory
symptoms. As the reported duration or frequency of dust or
odors in the home increased, so did the rate of respiratory
symptoms, indicating a relationship between symptoms and
exposure intensity. The combined exposure index analyses
also indicated a positive trend; residents reporting several po-
tential exposure sources had as much as twice the rate of new
and persistent symptoms as those reporting a single source.
Despite the absence of objective exposure measurements,
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1Includes reports of eye, nose or throat irritation, nasal or sinus congestion, nosebleeds, and recurring headaches.
2Includes reports of wheezing, chest tightness, shortness of breath, and coughing among previously healthy (no physician
diagnosis of asthma, chronic obstructive pulmonary disease, chronic bronchitis, or other lung disease before 9/11).
∗The effect was still statistically significant (p <0.05) after adjustment for age, race, education, gender, and smoking.
†Trend test (using categorical variable) was statistically significant (p < 0.05).


FIGURE 1.—New-onset and persistent new-onset upper1 and lower2 symptoms, by duration of dust or odors in home.


these findings suggest that residents who experienced multi-
ple exposures may have had greater risk of respiratory symp-
toms than those with single or no exposures.


We did not find cleaning activities to be significantly as-
sociated with respiratory symptoms. One explanation for our
results might be that the questions related to cleaning were
not specific enough to differentiate between protective (e.g.,
removal of an irritant) and harmful (e.g., disturbing settled
dust) cleaning activity. More detailed information on use of
cleaning products, timing of dust removal, methods (wet or
dry dust removal), or use of dust masks while cleaning might
prove useful in identifying potential hazards, as observed in
working populations (15, 18).


Strengths and Limitations
This was a large community survey and is one of the few


studies of residents living near the WTC site. Despite a lack
of baseline health or exposure data, we undertook several


TABLE 6.—New–onset and persistent new–onset upper and lower respiratory symptoms among affected area residents, by combined exposure index (residence, work
location, and presence below Canal Street on 9/11) (n = 1,232)∗.


Any new–onset Any persistent new–onset


Combined exposure index n (%) CIR (95% CI) n (%) CIR (95% CI)


Upper respiratory symptoms†


Resident + work + below Canal St. 174 (78.0) 2.98 (2.15–4.13)§ 98 (44.0) 3.62 (2.13–6.15)§


Resident + no work + below Canal St. 496 (72.1) 2.76 (2.00–3.80)§ 308 (44.8) 3.68 (2.20–6.17)§


Resident + no work + not below Canal St. 46 (66.7) 2.55 (1.78–3.65)§ 21 (30.4) 2.51 (1.34–4.67)§


Not resident + no work + not below Canal St. 28 (26.2) 1.00 (reference) 13 (12.2) 1.00 (reference)
Lower respiratory symptoms‡


Resident + work + below Canal St. 115 (63.5) 4.02 (2.50–6.49)§ 98 (54.1) 5.14 (2.82–9.39)§


Resident + no work + below Canal St. 320 (57.0) 3.61 (2.26–5.78)§ 241 (43.0) 4.08 (2.25–7.39)§


Resident + no work + not below Canal St. 26 (44.1) 2.79 (1.61–4.82)§ 23 (39.0) 3.70 (1.90–7.22)§


Not resident + no work + not below Canal St. 15 (15.8) 1.00 (reference) 10 (10.5) 1.00 (reference)


∗Included only participants 18 years of age or older.
†Includes reports of eye, nose or throat irritation, nasal or sinus congestion, nosebleeds, and recurring headaches.
‡Includes reports of wheezing, chest tightness, shortness of breath, and coughing among previously healthy (no physician diagnosis of chronic obstructive pulmonary disease, chronic


bronchitis, or other lung disease before 9/11).
§The effect was still statistically significant (p < 0.05) after adjustment for age, race, education, gender, and smoking.
∗∗Trend test (using categorical variable) was statistically significant (p < 0.05).


strategies to minimize bias in both study design and in the
data analysis, as partially described previously (19). The low
household response rate, although similar between the areas,
raises concerns of selection bias. We estimated the impact of
this bias by comparing the results from the entire affected area
to the target areas, where the response rate was nearly double
that of the original survey. In these areas, similar and stronger
positive associations were found between home conditions
and respiratory symptoms. In addition, we encouraged people
with and without respiratory symptoms to participate.


Reporting bias was addressed in several ways. Many af-
fected area residents were concerned about health risks re-
lated to the disaster and may have been more likely than con-
trol subjects to report both symptoms and poor conditions in
the home. To minimize the impact of this bias, we limited
our analyses to the affected area. We also randomly selected
one individual survey per household to reduce the effect
of potential intra-household correlation between respiratory
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symptoms and a shared home environment. The symptom
questions were separate from the household questionnaire
and were never open-ended. We specifically asked about the
home conditions “immediately after the World Trade Center
disaster,” and asked symptom frequency, severity, and exac-
erbation questions, which are less prone to bias because of
their specificity. We removed individuals who responded af-
firmatively to every question. In addition, we assessed lower
respiratory symptoms among previously healthy residents to
minimize misclassification of disease status. To estimate re-
porting bias, we compared the proportion of unplanned med-
ical visits among participants with specific respiratory symp-
toms and found them to be similar among those reporting or
not reporting exposures. We found no correlation between
building proximity to the site and reporting of symptom fre-
quency and found no differences in variables not likely related
to 9/11 (i.e., physical disabilities) between those reporting
and not reporting adverse home conditions, suggesting there
were no significant reporting biases.


Assessing exposures related to the WTC disaster was a
challenge for this study. As reported previously (6, 7), the air
monitoring site near the WTC was destroyed on 9/11. Avail-
able ambient air monitoring data from government and local
agencies was limited and could not provide adequate infor-
mation from monitors closest to the study buildings. There-
fore, we could not use monitoring or indoor sampling data
to objectively represent exposure in the home environment.
Baseline health information and objective health measures
were likewise unavailable. Lung function testing conducted
1 year after 9/11 would not be a sensitive indicator of reactive
airway disease related to the event. For these reasons, we re-
lied on self-reported information for both exposure and health
outcome data. To reduce exposure misclassification, we ex-
cluded individuals who were not in the area immediately
afterward or who returned to the area after several months.
Although our combined exposure index can only serve as a
surrogate for exposure, the results consistently suggest that
the risk of respiratory symptoms was greater for residents
reporting multiple sources of exposure. These analyses are
also probably limited by the nature of the questions asked;
e.g., work location rather than if they actually were able to
go to work after 9/11. In addition, reporting of work location
was poor and some residents were not employed, so sam-
ple sizes were small. Because of these limitations, our crude
measure does not capture activities that may have altered their
exposure.


Finally, we do not know what role psychological stress may
have played in respiratory symptoms. Stress is a suspected
contributor to respiratory illness, including asthma (20, 21),
and has been attributed to an increase in cardiac events and
posttraumatic stress disorder after 9/11 (22, 23). We collected
information about stress in a follow-up survey and will report
on the relationship between stress and respiratory health in
this cohort at a later date.


CONCLUSION


This study suggests that adverse conditions in the home
immediately after 9/11, including physical damage and the
presence of dust or odors, were related to new-onset upper
and lower respiratory symptoms in residents living near the
site. More importantly, these conditions were also associated


with symptom persistence in residents nearly 1 year later.
Additionally, the dose-response observed suggests a relation-
ship between exposure intensity and symptom risk. We also
suggest that residents reporting multiple sources of potential
exposure had a greater risk for new and persistent respiratory
symptoms compared with those reporting a single source. We
cannot rule out the potential contribution of reporting and se-
lection biases on our results, but several measures were used
to minimize their impact, and the findings are both plausible
and consistent with other publications.
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ORIGINAL ARTICLE


Lung Pathologic Findings in a Local Residential and
Working Community Exposed to World Trade Center Dust,


Gas, and Fumes
Caralee E. Caplan-Shaw, MD, Herman Yee, MD, Linda Rogers, MD, Jerrold L. Abraham, MD, Sam S. Parsia, MD,


David P. Naidich, MD, Alain Borczuk, MD, Andre Moreira, MD, Maria C. Shiau, MD, Jane P. Ko, MD,
Geraldine Brusca-Augello, DO, Kenneth I. Berger, MD, Roberta M. Goldring, MD, and Joan Reibman, MD


Objective: To describe pathologic findings in symptomatic World Trade
Center–exposed local workers, residents, and cleanup workers enrolled in
a treatment program. Methods: Twelve patients underwent surgical lung
biopsy for suspected interstitial lung disease (group 1, n = 6) or abnor-
mal pulmonary function tests (group 2, n = 6). High-resolution computed
axial tomography and pathologic findings were coded. Scanning electron
microscopy with energy-dispersive x-ray spectroscopy was performed.
Results: High-resolution computed axial tomography showed reticular find-
ings (group 1) or normal or airway-related findings (group 2). Pulmonary
function tests were predominantly restrictive. Interstitial fibrosis, emphyse-
matous change, and small airway abnormalities were seen. All cases had
opaque and birefringent particles within macrophages, and examined par-
ticles contained silica, aluminum silicates, titanium dioxide, talc, and met-
als. Conclusions: In symptomatic World Trade Center–exposed individuals,
pathologic findings suggest a common exposure resulting in alveolar loss and
a diverse response to injury.


T he terrorist attack on the World Trade Center (WTC) resulted
in collapse of the towers, deposited over one million tons of


debris in one of the most densely populated commercial and res-
idential districts in the world, and ignited fires that smoldered for
months. The release of the complex dust and fumes resulted in po-
tential environmental and occupational exposures for hundreds of
thousands of individuals who were working (local workers), liv-
ing (residents), or at school in the area, as well as for people in-
volved in rescue and recovery and cleanup.1 The dust included a
mix of highly alkaline materials (pH 11) composed of pulverized
building materials containing silicates and contaminated with as-
bestos, glass fibers, lead, and polycyclic aromatic hydrocarbons.2–5


Local workers, residents, and cleanup workers had potential for mas-
sive exposure from the dense cloud of pulverized dust as the buildings
collapsed (dust cloud) or prolonged exposure from indoor cleanup
efforts, resuspended indoor materials, or outdoor particles from the
massive cleanup underway for more than 9 months.6


Adverse health effects, first reported as “WTC cough”
and associated with shortness of breath, wheezing, and airway
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hyperresponsiveness, were reported in firefighters and in individu-
als involved in rescue and recovery operations.7–12 Upper and lower
respiratory symptoms have also been described in residential, pedi-
atric, and local working populations.1,13–17 Although most studies
report symptoms and airway hyperresponsiveness consistent with
reactive airways dysfunction or irritant-induced asthma, bronchioli-
tis obliterans,18 sarcoid-like granulomatous disease,19 and interstitial
lung disease (ILD)20 have also been documented in WTC responders.


The World Trade Center Environmental Health Center (WTC
EHC) was initiated in 2005 to treat local workers, residents, and
cleanup workers with persistent symptoms. The absence of detailed
dust and fume exposure assessments6 and clinical information pre-
dating the WTC disaster makes the process of attributing illness to
WTC dust exposure difficult, particularly in the non–rescue worker
populations. In addition, despite a consistency in complaints of per-
sistent upper and lower respiratory symptoms, the disease processes
leading to persistent symptoms are unknown. We now describe a
case series of lung biopsy specimens obtained from 12 individuals
in the WTC EHC who underwent surgical lung biopsy 4 to 6 years
after destruction of the towers.


METHODS
Patient Enrollment


Inclusion into the WTC EHC was based on potential exposure
to WTC dust, gas, or fumes as a local worker, resident, or cleanup
worker in southern Manhattan on or in the months after 9/11 and the
presence of any physical symptom that occurred or was exacerbated
after 9/11. Inclusion criteria and clinic procedures are described
elsewhere.17 The institutional review board of New York University
School of Medicine approved the analytic database (NCT00404898),
and only patients who signed consent were used for analysis. Of 2461
subjects enrolled in the program from September 2005 to February
2009, 17 underwent clinically indicated surgical lung biopsy. Five
patients who underwent biopsy for evaluation of a localized nodule
or mass were excluded from this analysis.


Clinical, Radiologic, and Pathologic Evaluation
All patients provided detailed clinical and exposure infor-


mation via interviewer-administered questionnaire, as previously
described.17 Pulmonary function testing (PFT), high-resolution com-
puted axial tomography (HRCT) of the chest with inspiratory and
expiratory imaging, review of hematoxylin and eosin–stained slides
under polarizing and nonpolarizing light microscopy, and particle
analysis were performed. Standardized coding systems were used to
summarize radiologic and pathologic findings.


Lung Function Testing
Spirometry was performed in accordance with American


Thoracic Society/European Respiratory Society standards21 on a
Sensor-medics spirometer (Yorba Linda, CA), and predicted values
were derived from National Health and Nutrition Education Survey
III.22 Patients with a reduced forced vital capacity (FVC) or respira-
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tory symptoms that were unexplained by spirometry underwent mea-
surement of total lung capacity, functional residual capacity (FRC),
and residual volume by plethysmography and diffusing capacity of
carbon monoxide by single breath methods. All acceptable measures
were expressed in absolute values (liters) and as percent predicted
of normal.22–24 Normal limits for forced expiratory volume in one
second (FEV1), FVC, and FEV1/FVC were based on the lower lim-
its of normal.25 For clinical reference, the lower limits of normal
for white men aged 40 years in this population, calculated using
pre–September 11, 2001 data, corresponded to an FEV1 of 82% pre-
dicted, an FVC of 79% predicted, and an FEV1/FVC of 0.76. Normal
limits for total lung capacity, FRC, residual volume, and diffusing
capacity of carbon monoxide were 80% or more of predicted.23–25 In
patients with multiple PFTs, the one obtained earliest was used for
analysis. If patients had undergone PFT recently at an outside facility
and refused or were unable to perform maneuvers on their visit, data
from outside pulmonary function laboratories were used, and flow
volume loops were examined for reproducibility and quality. Among
the 12 patients, seven had PFT performed at our institution; four had
PFT performed at other regional laboratories; and one was unable to
perform spirometry.


Radiographic Imaging
Patients with abnormal PFT or severe or unexplained symp-


toms underwent HRCT of the chest with inspiratory and expi-
ratory imaging. Scans were obtained using low-dose technique
without administration of intravenous contrast with 1-mm im-
ages obtained from the thoracic inlet to the hemidiaphragms
on multidetector computed tomographic (CT) scanners (Siemens
Definition, Siemens Medical Systems, Erlangen, Germany). If pa-
tients had undergone CT scanning within the last 6 months at an
outside facility, images were retrieved and reviewed. Among the 12
patients, nine had HRCT scans performed at our institution and three
had CT scans performed at other institutions.


A standard graded coding system was developed to de-
scribe presence, distribution, and degree of CT scan findings and
to determine the predominant abnormality (reticular, nodular, or
airway).26,27 Three radiologists reviewed CT scans using the stan-
dard coding system. There were no discrepancies among the three ra-
diologists regarding presence or absence of findings; however, minor
disagreements regarding degree or extent of findings were resolved
by a fourth reader.


Scan quality was scored on a scale of 0 to 3. Lung aeration was
scored on a scale of 0 to 2 (0 = hypoinflation, 1 = normal inflation,
2 = hyperinflation). Emphysema was graded on a scale of 0 to 3, and
distribution (bullous, paraspetal, centriacinar) noted. An assessment
of inspiratory and expiratory homogeneity was made on a scale of 0
to 3 (0 = most homogeneous, 3 = most heterogeneous), and areas of
involvement (upper or lower) noted. Air trapping (AT) was deemed
present when there was greater heterogeneity of aeration on the
expiratory scan than on the inspiratory scan. Sparing of secondary
lobules was noted as present or absent.


Parenchymal findings were graded on a scale of 0 to 3 (0 =
none, 1 = mild, 2 = moderate, 3 = severe), and distribution noted
as follows: reticulation (diffuse or subpleural, upper or lower lobe),
traction bronchiectasis (upper or lower lobe), ground-glass atten-
uation (diffuse or localized), septal thickening, and focal fibrosis.
Architectural distortion and honeycombing were scored as present
or absent.


Airway findings were graded on a scale of 0 to 3
(0 = none, 1 = mild, 2 = moderate, 3 = severe), and distribution
noted as follows: bronchial wall thickening (BWT; diffuse or
localized, upper or lower lobe), bronchial wall dilation (diffuse or lo-
calized, upper or lower lobe), and expiratory tracheomalacia. Large
airway mucoid impaction, small airway mucoid impaction (tree-in-
bud), and endobronchial lesions were scored as present or absent.


The presence of localized (defined as fewer than six nodules)
or diffuse nodules (defined as six nodules or more) was noted. If a
diffuse nodular pattern was present, distribution (random, centrilob-
ular, or perilymphatic) and density (solid, semisolid, or ground-glass)
of the nodules were noted. Adenopathy (mediastinal or hilar), con-
solidation or atelectasis, pleural effusion, pleural thickening, pleural
calcification, and evidence of previous granulomatous disease were
noted as present or absent.


Lung Pathology
Patients underwent video-assisted thoracoscopic surgical lung


biopsy for CT showing interstitial changes (n = 6) or for unexplained
symptoms and abnormal lung function in the absence of any signif-
icant interstitial or nodular pattern on CT (n = 6). Six patients
had biopsies performed at Bellevue Hospital after referral by WTC
EHC clinicians. Six patients had undergone lung biopsy at other
institutions before enrollment in the WTC EHC; these pathology
slides were obtained and reviewed. Hematoxylin and eosin–stained
slides were reviewed independently by three pathologists under light
microscopy and assessed for quality of tissue, characterization of
lung parenchyma, and characteristics of the vasculature and airways.
Slides were also examined using polarized light microscopy to de-
termine the presence of birefringent particles. A standard semiquan-
titative coding system based on previous studies was developed to
describe presence and distribution of pathologic findings.27,28 Two
of the three pathologists were blinded to the clinical history and ra-
diologic findings. A pathologic finding was designated as present if
identified by two of the three pathologists. Intracellular birefringent
particles were designated as present if they were located within his-
tiocytes and identified by one of the three pathologists. As controls,
hematoxylin and eosin–stained slides of nine consecutive patients
presented at a clinical case conference with no occupational or WTC
exposures who had undergone surgical lung biopsy for suspected
ILD were examined by one pathologist using light microscopy for
the presence of intracellular birefringent particles using the same mi-
croscope and under the same conditions and magnification as were
used for the study patients.


Particle Analysis
Scanning electron microscopy with energy-dispersive x-ray


spectroscopy was performed on available tissue blocks to identify
inorganic particles (silica, aluminum silicates, talc, metals) in the
lung parenchyma and to generate a semiquantitative concentration
score for each tissue sample. The freshly cut surface of the paraffin
block was examined in the variable-pressure mode at constant 3000X
magnification. Methods have been previously described.29 The con-
centration score for each particle type was calculated by multiplying
the light microscopic grade of dust burden on a three-point scale
(1–3) by the percentage of each class of particles.


RESULTS
Clinical, Radiologic, and Pathologic Findings


Characteristics of the 12 patients in the WTC EHC cohort
who underwent video-assisted thoracoscopic surgical lung biopsy
are shown in Table 1. Many (58%) were women and Hispanic (42%).
Forty-two percent reported having been caught in the dust cloud on
September 11, 2001. Few (25%) had a greater than 10-pack per year
tobacco history. The predominant CT findings along with clinical
criteria were used to group patients into two clinicoradiologic pat-
terns: group 1 patients demonstrated “interstitial” disease on HRCT
defined as predominant reticular densities (n = 6), and group 2 pa-
tients had abnormal physiology and either normal HRCT scans or
“airway” disease defined as diffuse BWT, AT, or other abnormalities
of the airways in the absence of associated “interstitial” findings
(n = 6).
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TABLE 1. Characteristics of WTC EHC Patients Who
Underwent Lung Biopsy


Patient Characteristics N = 12


Age, median (range), yr 53 (40–64)
Women, % (n) 58 (7)
Race, % (n)
White 41 (5)
Black 8 (1)
Asian 17 (2)
Other 33 (4)
Ethnicity, % (n) Hispanic 42 (5)
Caught in dust cloud, % (n) 42 (5)
Ever smoker >10 pack/yr, % (n) 25 (3)
Clinicoradiologic patterns, % (n)
Interstitial lung disease (group 1) 50 (6)
Abnormal physiology (group 2) 50 (6)


Although pathologic findings were diverse, there were several
common findings across groups. Findings generally failed to meet
criteria for known histopathologic entities. When identified, gran-
ulomas were scant and poorly formed. Patchy interstitial fibrosis
was seen in both groups, although more commonly and to a greater
degree among group 1 patients. Emphysematous changes were iden-
tified in almost all patients across CT groups despite the absence of
radiologic or lung function suggestion of emphysema. Small airway
findings with scant lymphoid aggregates were also noted in most pa-
tients. All cases had opaque and birefringement particles identified
within macrophages.


Findings in Group 1 Patients
Clinical characteristics are summarized in Table 2. Most pa-


tients were more than 50 years old. Only two patients had a smoking
history, and all were local workers, except for one who was also a
resident. Two reported that they were present in the initial dust cloud.
No obvious occupational or environmental risks other than the WTC
exposures could be identified in these patients. Prebronchodilator
lung function is summarized in Table 3. Most patients showed a
characteristic restrictive or combined restrictive and obstructive pat-
tern on spirometry, although one patient (case 4) had normal lung
function despite mild diffuse reticulation on CT, and another with
moderate to severe diffuse reticular changes (case 3) was unable to
perform PFT.


Detailed radiologic findings are shown in Table 4. Group 1
patients showed “interstitial” findings, with mild to severe reticula-
tion. Although lower lobe and subpleural in most cases, the findings
were diffuse in others. Traction bronchiectasis was noted in five
cases. Architectural distortion was milder and less common, and
honeycombing was noted in three cases. Four patients had mild con-
comitant airway findings including BWT or bronchial wall dilation,
and two of the four patients with acceptable expiratory images had
AT. None had radiologically apparent emphysema. In two patients,
moderate to severe interstitial findings were associated with spar-
ing of select secondary lobules (cases 2 and 5). The differential
diagnosis based on the CT findings included usual interstitial pneu-
monia (UIP), fibrotic nonspecific interstitial pneumonia (NSIP), or
chronic hypersensitivity pneumonitis (HP) in three (cases 3, 5, and
6, respectively); the milder interstitial patterns suggested early UIP
or NSIP (cases 1 and 4); and NSIP with a possible element of or-
ganizing pneumonia in case 2, the only patient with a combined
restrictive/obstructive defect on PFT.


Pathologic findings for group 1 are summarized in Table 5.
Mild to moderate patchy interstitial fibrosis was identified in five pa-


tients, with microscopic honeycombing identified in the three biop-
sies with moderate fibrotic changes. A very mild interstitial cellular
infiltrate consisting of lymphocytes and plasma cells was seen in
all six patients. Granulomas were seen in only two cases, and when
identified (cases 3 and 4), were rare and poorly formed. Focal areas of
organizing pneumonia were seen in two of the six cases (cases 4 and
5) but notably not in case 2, in whom organizing pneumonia or NSIP
had been suggested by the CT findings. Small airway abnormalities,
including bronchiolitis or peribronchiolar fibrosis, were identified
in five cases. Peribronchial lymphoid aggregates were described in
five and pulmonary arteriopathy in four patients. Goblet cell hy-
perplasia and basement membrane thickening were absent from all
specimens. Remarkably, all six cases demonstrated emphysematous
changes. Only two patients had pathologic findings suggestive of a
specific diagnostic entity: Case 4 had features resembling HP (al-
though serologies failed to demonstrate a causative agent), and case
6 was suggestive of UIP or fibrotic NSIP. Macrophages containing
opaque particulate material were identified in six of the six cases.
Within these areas, birefringent intracellular particles were seen.


The radiologic and pathologic findings for case 2 are shown
(Fig. 1). The CT and pathologic findings failed to meet criteria
for UIP, NSIP, or any defined ILD. A small birefringent particle is
shown (Fig. 1D,E). This patient failed all therapy and underwent lung
transplantation. The explanted lung (not shown) had similar findings
of end-stage fibrosis. The radiologic and pathologic findings for case
6 are shown (Fig. 2). Subpleural reticular opacities were present on
CT, although the findings were less severe than in case 2. Pathologic
examination revealed interstitial fibrosis. Areas containing opaque
particulate material were noted, and a birefringent particle is shown
(Fig. 2D,E). This patient is currently stable.


Findings in Group 2 Patients
Clinical characteristics are summarized in Table 2. Only two


patients had a greater than 10 packs per year history of tobacco use.
Most were local workers, and three reported exposure to the dust
cloud. Four had other exposures with potential risk for lung disease.
All group 2 patients had abnormal lung function (Table 3), with
most showing a mild-moderate degree of restriction and a reduced
diffusing capacity of carbon monoxide.


None of the patients had CT findings suggestive of diffuse
interstitial disease or fibrosis (Table 4) and none had evidence of em-
physema. BWT was seen in three patients. One (case 8), had small
airways abnormalities described as mucoid impaction, manifesting
as centrilobular nodules (tree-in-bud) in the lower lobes. Mosaic at-
tenuation or AT was seen in three patients. AT was moderate to severe
in two cases suggesting small airways disease; or, when secondary
lobules were spared (case 9), suggesting an airway process, such
as chronic HP, bronchiolitis obliterans organizing pneumonia, cryp-
togenic organizing pneumonia, or constrictive bronchiolitis. In two
cases (cases 11 and 12), CT scans revealed no abnormalities other
than minimal or physiologic AT despite mild to moderate restriction
on PFT.


Pathologic findings for group 2 are summarized (Table 5).
Focal areas of mild interstitial fibrosis were seen in only two patients,
and honeycombing was universally absent. Cellular infiltrates were
mild and patchy. Very mild patchy lymphoplasmacytic infiltrates and
peribronchial lymphoid aggregates were seen in five cases. Goblet
cell hyperplasia, basement membrane thickening, and organizing
pneumonia were absent in all. Non-necrotizing granulomas, though
scant, were seen in three cases: in case 8, they were peribronchial;
in case 9, they were interstitial and poorly formed; and in case
10, peribronchial necrotizing and non-necrotizing granulomas were
identified. No etiologic infectious agent was identified in any case.
Bronchiolitis was identified in four cases. In all, small airways were
affected, almost always in association with emphysematous changes,
but a precise diagnosis was elusive. Emphysematous changes were
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TABLE 2. Clinical Characteristics of Group 1 and Group 2 Patients


Case Age/Sex Pack-year Exposure Category Dust cloud Other Exposures


Group 1
1 63/F 0 Resident /local worker Yes None
2 54/F 0 Local worker No None
3 64/F 16 Local worker No None
4 49/F 0 Local worker No None
5 61/F 32 Local worker No None
6 64/M 0 Local worker Yes None


Group 2
7 51/F 0 Local worker No None
8 49/M 15 Resident No IVDA
9 57/F 0 Local worker/resident No Pigeons, fabric
10 45/M 19 Local worker Yes Jacuzzi
11 44/M 0 Local worker Yes None
12 40/M 0 Local worker Yes Construction


IVDA, intravenous drug use.


TABLE 3. Pulmonary Function in Group 1 and Group 2 Patients


Case Physiologic Pattern FVC% of Predicted FEV1/FVC% of Predicted TLC% of Predicted DLCO% of Predicted


Group 1
1 Restrictive 70 90 70 62
2 Restrictive/obstructive 39 67 48 36
3 Unable to perform NA NA NA NA
4 Normal 111 75 134 NA
5 Restrictive 77 87 66 29
6 Restrictive 92 81 74 63


Group 2
7 Restrictive 56 80 60 49
8 Restrictive/obstructive 47 67 77 NA
9 Restrictive 59 88 54 59
10 Restrictive/obstructive 70 58 84 70
11 Restrictive 60 92 62 70
12 Restrictive 77 85 74 65


DLCO, diffusing capacity of carbon monoxide; FEV, forced expiratory volume in one second; FVC, forced vital capacity; NA, (data) not available; TLC,
total lung capacity.


seen in five cases. Pulmonary arteriopathy was seen in three cases. In
the two cases with essentially no radiologic abnormalities (cases 11
and 12), the predominant finding was patchy areas of emphysematous
change associated with a mild patchy cellular UIP in case 11 and loss
of bronchioles in case 12. Collections of macrophages containing
mostly opaque particulates, consistent with combustion products,
were present in all six cases. In every case, birefringent intracellular
particles were seen.


Radiologic and pathologic findings of case 7, who failed to
meet criteria for any defined ILD, are shown in Fig. 3. AT was ev-
ident on expiratory HRCT (Fig. 3A,B). Pathology included mild
interstitial inflammation, chronic bronchiolitis and bronchiolar fi-
brosis, and subpleural emphysema (Fig. 3C). Again, opaque par-
ticulates were seen within macrophages, and intracellular birefrin-
gent particles were identified (Fig. 3D,E). A prolonged trial of sys-
temic steroids failed to completely improve symptoms or pulmonary
function in this patient. She demonstrated a marked reduction in
lung volumes after brief removal of inhaled corticosteroids and
bronchodilators; however, on chronic medication, her exertional dys-


pnea and restrictive lung function have remained stable for the past 3
years. In case 8 (pathology not shown), a lymphocytic bronchiolitis
and granulomatous inflammation were identified and sputum cul-
ture grew Mycobacterium avium. Despite prolonged antimicrobial
therapy, there has been no significant clinical or radiologic improve-
ment. Case 9 (pathology not shown), whose pathology had features
suggesting HP with mild fibrosis, remains oxygen dependent. The
findings for case 11 are shown in Fig. 4. The HRCT was essentially
normal with minimal AT on expiratory HRCT (Fig. 4A,B). The
predominant pathologic finding in this patient was emphysematous
change with patchy mild cellular interstitial fibrosis. This patient
continues to have exertional dyspnea and stable restriction on PFT
for more than 5 years.


Findings in Reference Patients
In nine reference patients, examination under polarizing light


microscopy by one pathologist revealed birefringent particles in only
three of the nine patients, but these had a globular shape and clearly
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TABLE 4. Graded Radiologic Findings in Group 1 and Group 2 Patients


“Interstitial” Findings Aeration and Airway Findings


Case
Reticulation


(0–3)


Traction
Bronchiec-


tasis
(0–3)


Septal
Thickening


(0–3)


Architectural
Distortion


(0–1)


Honey
combing


(0–1)


Ground-
Glass


Opacities
(0–3)


BWT/BWD
(0–3)


Mosaic
Attenua-


tion or AT
(0–3)


Emphysema
(0–3)


Distribution of
Predominant
Abnormality


Group 1
1 1 1 0 0 0 0 0/2 1 0 Lower lobe,


subpleural
2 3 2 0 0 0 0 1/0 0 0 Upper and lower


lobes, diffuse
3 2 3 1 1 1 2 1/2 2 0 Lower lobe,


diffuse
4 1 0 0 0 0 0 1/0 1 0 Lower lobe,


subpleural
5 3 3 3 1 1 0 0/0 2 0 All lobes, diffuse
6 2 1 0 0 1 0 0/0 0 0 All lobes,


subpleural
Group 2


7 0 0 0 0 0 0 0/0 1 0 Upper and lower
lobe AT


8 0 0 0 0 0 0 1/0 0 0 Diffuse BWT,
lower lobe
tree-in-bud


9 0 0 0 0 0 3 1/0 3 0 Diffuse BWT and
AT


10 0 0 0 0 0 0 1/1 2 0 Diffuse BWT and
AT


11 0 0 0 0 0 0 0/0 0 0 Minimal AT
12 0 0 0 0 0 0 0/0 0 0 None


AT, air trapping; BWT, bronchial wall thickening; BWD, bronchial wall dilation.


differed in morphology from those identified in the study cases (data
not shown).


Particle Analysis
Specimens were available for mineralogic analysis in five pa-


tients. All had a light microscopic grade of dust burden of 1, indi-
cating the presence of particles but not an overwhelming number.
Detailed results are shown in Table 6. Silica was detected in indi-
vidual particles in four of the five patients. The one case without
detectable silica also had the fewest particles analyzed. The con-
centration scores (microscopic dust burden × % of particles with
compound) for silica, aluminum silicates, titanium dioxide, and talc
particles varied from 3 to 13, 26 to 52, 11 to 22, and 7 to 29, respec-
tively. All cases had metals identified in particles. Approximately
20% of particles in case 8 contained numerous unusual metal par-
ticles, consistent with industrial exposures. Most unusual was the
finding of metal particles of types not expected in the general pop-
ulation, including aluminum, steel, zirconium, chromium, copper,
zinc, and tin. Figure 5 shows scanning electron microscopy images
and energy-dispersive x-ray spectroscopy spectra for cases 2 and 11.


DISCUSSION
In a residential and working community with persistent symp-


toms after exposure to WTC dust and fumes on or after September 11,
2001, a small subset (n = 12) proceeded to surgical lung biopsy for
evaluation of possible ILD or unexplained lung function abnormali-


ties. Radiologic and clinical findings were diverse and could be cate-
gorized into two predominant patterns on the basis of imaging: Group
1 with a pattern suggesting ILD; and group 2, with abnormal lung
function but no evidence of ILD on HRCT. Although pathologic find-
ings were diverse, there were some common findings across patients
that were unexpected. Emphysematous changes were identified in al-
most all patients across CT groups despite the absence of radiologic
or lung function suggestion of emphysema. Small airway findings
with scant lymphoid aggregates were also noted in most patients. No-
tably, inflammation was minimal, and pathologic findings generally
failed to meet criteria for known histopathologic entities. When gran-
ulomas were identified, they were scant and poorly formed. All pa-
tients had collections of macrophages containing opaque particulates
and intracellular birefringent particles. In the limited sample of cases
analyzed, these particles included inorganic compounds and metals.


Our findings are remarkably similar to those seen in seven pre-
viously healthy rescue and recovery workers exposed to WTC dust
during the first 2 days after the disaster.20 As in our study, the respon-
ders generally had findings consistent with ILD or AT on HRCT, and
pathology demonstrated mixed histologic patterns consisting pre-
dominantly of patchy interstitial fibrosis, often in a bronchiolocentric
pattern, and bronchiolitis or peribronchiolar fibrosis. Furthermore,
most patients had persistent but stable restrictive abnormalities on
PFT.


The finding of birefringent intracellular particles within col-
lections of macrophages containing opaque particulate material was
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FIGURE 1. Radiologic and pathologic findings for case 2. A, Inspiratory and (B) expiratory high-resolution computed axial to-
mographic images showing extensive lower lobe reticular and ground glass opacities, (C) low-power hematoxylin and eosin
staining showing interstitial fibrosis, (D) high-power hematoxylin and eosin staining showing opaque material in macrophages,
and (E) same image with polarizing light microscopy showing a needle-shaped birefringent particle.


FIGURE 2. Radiologic and pathologic findings for case 6. A, Inspiratory and (B) expiratory high-resolution computed axial to-
mographic images showing subpleural reticular opacities, (C) low-power hematoxylin and eosin staining showing interstitial
fibrosis, (D) high-power hematoxylin and eosin staining showing opaque material in macrophages, and (E) same image with
polarizing light microscopy showing a needle-shaped birefringent particle.


a consistent finding across both of our groups. The opaque material
is consistent with combustion products. Although birefringent parti-
cles were identified in three of the nine of our control specimens, the
particles were clearly morphologically different than those identified
in the WTC EHC cases. Mineralogic analysis of tissue blocks from


the WTC EHC cases revealed the presence of silica and aluminum
silicates, with smaller amounts of titanium in the particles. Especially
noteworthy is the finding in each case of other metal particle types, in-
cluding steel (FeCrNi), aluminum, barium sulfate, zirconium silicate,
glass, chromium, copper, zinc, and tin. These analyses are consistent
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FIGURE 3. Radiologic and pathologic findings for case 7. A, Inspiratory and (B) expiratory high-resolution computed axial
tomographic images showing mosaic attenuation, (C) low-power hematoxylin and eosin staining showing emphysematous
change, (D) high-power hematoxylin and eosin staining showing opaque material in macrophages, and (E) same image with
polarizing light microscopy showing a needle-shaped birefringent particle.


FIGURE 4. Radiologic and pathologic findings for case 11. A, Inspiratory and (B) expiratory high-resolution computed axial
tomographic images showing minimal air trapping, (C) low-power hematoxylin and eosin staining showing emphysematous
change, (D) high magnification of iron stained section showing numerous macrophages containing a mixture of opaque and
birefringent (E) particles.


with mineralogic descriptions of WTC dust. Lioy and colleagues2


analyzed settled dust from three different locations around the WTC
site and documented the presence of large quantities of construc-
tion debris including quartz grains and elements consistent with
building materials, including chromium, magnesium, manganese,


aluminum, and barium, and large signals for iron, calcium, silicon,
and titanium.


Furthermore, the ability of WTC particulate matter to be in-
haled and retained in the lung is well documented. Mineralogic anal-
ysis of bronchoalveolar lavage fluid from a firefighter presenting
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FIGURE 5. Scanning electron microscopy (SEM) with energy-dispersive x-ray spectroscopy (EDS) results. Examples of respirable
particulates detected in situ in cases 2 (left) and 11 (right). SEM images of lung tissue showing macrophages containing nu-
merous particles and a few examples of EDS spectra of individual particles identified. Left: steel particle (Cr with Fe) near other
particles; Right: SiAlK (top); silica(middle); and talc (bottom).


TABLE 6. Particle Analysis


Concentration Scores


Case Pack/y Other Exposures


Number of
Particles
Analyzed Silica Aluminum Silicate Titanium Talc Other Metals


2 0 None 134 13 52 15 7 10 ZrSi
3 16 None 139 9 45 14 10 3 Al;


(innumerable tiny Al
silicates)


8 15 None (IVDA) 122 8 26 11 29 20 diverse metals:
59 3 29 22 9 steel, SiZr, Cu, tiny Al


silicates
9 0 Pigeons, fabric 21 0 52 14 14 14 steel
11 0 None 119 10 36 20 20 3 Al


8 diverse metals
(steel, Cr)


Concentration score = microscopic dust burden × % particle type. All had a microscopic dust burden of 1.
IVDA, intravenous drug use.


with acute eosinophilic pneumonia after WTC dust exposure in
the days immediately after 9/11 showed the presence of large
Amosite asbestos fibers, fly ash particles, and degraded fibrous
glass.8 Similarly, induced sputum of New York City firefighters
after 9/11 demonstrated inflammation and particles with miner-
als, including titanium, that was different from nonexposed con-
trol firefighters, suggesting that these particles can enter and per-
sist in human lung.30 Most recently, in seven symptomatic WTC
responders histopathologic findings of small airways disease, bron-
chiolocentric parenchymal disease, and non-necrotizing granulomas
were identified in the presence of aluminum and magnesium sheet
silicates, silicates, chrysotile asbestos, calcium phosphate, and cal-
cium sulfate and, in some cases, carbon nanotubes.20 A recent anal-


ysis of patients from the WTC EHC with post-9/11 sarcoid also
showed silica and aluminum silicates in a limited mineralogic anal-
ysis of lymph node and parenchymal biopsy specimens.31 Although
attribution remains difficult in our study as in others, our finding of
opaque and birefringent particles in macrophages in all specimens
coupled with the finding of particles consistent with WTC dust sup-
ports an association. Our in situ analytical methodology would not
be able to detect nanotubes or asbestos fibers.


Desert dust particles have been shown to cause inflamma-
tory responses in the airways in animal studies, and heavy dust
events have been associated with an increased risk of hospitaliza-
tions for asthma.32 Airway hyperreactivity has been well described in
WTC responders.7 Nevertheless, physiologic findings in our study
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patients were not suggestive of large airways disease, and patho-
logic findings of asthma, including basement membrane thickening
and goblet cell hyperplasia, were conspicuously absent. Pathologic
findings were similar, though not identical, to those described for
mixed-dust pneumoconiosis, in which macules consisting of intersti-
tial accumulations of dust-laden macrophages, often peribronchiolar
or perivascular, can be identified. Numerous birefringent particles
can be observed under polarizing light microscopy with mineralogic
analysis revealing silica, silicates, and various metal particles. More-
over, these can be associated with centrilobular emphysema, even in
the absence of a history of tobacco use.33 Although several of our
patients had some occupational/hobby exposure that might be asso-
ciated with lung disease, none of our patients had an occupational
history that would account for these findings.


The pathologic finding of emphysematous change in all but
one case was unexpected because lung function studies and HRCT
had not suggested emphysema. Nevertheless, occupational expo-
sures to gas, dust, and fumes are recognized increasingly as a cause of
chronic obstructive pulmonary disease34 and have been described in
mixed-dust pneumoconioses33 or in coal or gold mining.35,36 Cumu-
lative dust exposure is a significant predictor of emphysema severity
in coal miners.37 Although the time course of dust exposure in our
population is shorter than that reported in studies of coal miners,
our finding of unsuspected emphysematous change in lung biopsy
specimens of symptomatic WTC dust-exposed patients suggests the
possibility that one response to WTC dust and fume exposure may be
destruction of alveoli accounting for persistent respiratory symptoms
many years after the initial injury.


Although pathologic criteria for disease of the small airways
are less well defined than for the large airways and parenchyma, the
finding of variable small airway abnormalities in our group is in-
structive. In our WTC-exposed patients with respiratory symptoms,
the histologic finding of small airways disease—either in the form of
bronchiolitis or peribronchiolar fibrosis—could explain the minimal
HRCT abnormalities combined with significant restriction on PFT
and certainly could be consistent with an inhalational injury. Fur-
thermore, small airways disease in WTC-exposed individuals has
been suggested previously.20


In conclusion, asthma-like symptomatology with normal
spirometry has been the most commonly described respiratory pat-
tern in all WTC-exposed individuals, including a residential and
working community. However, among those with abnormal lung
function, a reduced vital capacity has been the most common
finding.17 In the small number of patients with abnormal physiology
and HRCT who underwent surgical lung biopsy, pathologic findings
included variable interstitial fibrosis and small airways abnormali-
ties with the unexpected finding of emphysema. Samples from every
patient had intracellular birefringent particles within areas of opaque
particulate material in macrophages, with limited analysis revealing
silica, aluminum silicates, and titanium dioxide consistent with ex-
posure to building materials. These findings in individuals who were
not involved in rescue and recovery activities suggest the potential
for inhalation of pulverized materials and subsequent injury in this
additional population. These studies reinforce the heterogeneous re-
sponse to WTC dust and fume exposure and the need for continued
monitoring of these patients to determine the long-term respiratory
health effects of WTC exposures.
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Case–Control Study of Lung Function in World Trade
Center Health Registry Area Residents and Workers
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Rationale: Residents and area workers who inhaled dust and fumes
from the World Trade Center disaster reported lower respiratory
symptoms in two World Trade Center Health Registry surveys
(2003–2004 and 2006–2007), but lung function data were lacking.
Objectives: To examine the relationship between persistent respira-
tory symptoms and pulmonary function in a nested case–control
study of exposed adult residents and area workers 7–8 years after
September 11, 2001.
Methods: Registrants reporting post September 11th onset of a lower
respiratory symptom in the first survey and the same symptom in the
second survey were solicited as potential cases. Registrants without
lower respiratory symptoms in either Registry surveywere solicited as
potential control subjects. Final case–control status was determined
by lower respiratory symptoms at a third interview (the study), when
spirometry and impulse oscillometry were also performed.
Measurements andMain Results:We identified 180 cases and 473 con-
trol subjects. Cases were more likely than control subjects to have
abnormal spirometry (19%vs. 11%;P,0.05), and impulse oscillom-
etry measurements of elevated airway resistance (R5; 68% vs. 27%;
P, 0.0001) and frequency dependence of resistance (R5–20; 36% vs.
7%; P , 0.0001). When spirometry was normal, cases were more
likely than control subjects to have elevated R5 and R5–20 (62% vs.
25% and 27% vs. 6%, respectively; both P , 0.0001). Associations
between symptoms and oscillometry held when factors significant
in bivariate comparisons (body mass index, spirometry, and expo-
sures) were analyzed using logistic regression.
Conclusions: This study links persistent respiratory symptoms and
oscillometric abnormalities in World Trade Center–exposed resi-
dentsandareaworkers. ElevatedR5andR5–20 in casesdespitenormal
spirometry suggested distal airway dysfunction as a mechanism for
symptoms.


Keywords: distal airways; oscillometry; spirometry; disaster


The attack on the World Trade Center (WTC) exposed 409,000
rescue and recovery workers, area workers, and residents to tox-
ins, dust, and smoke that persisted after September 11, 2001
(9/11) (1, 2). Persistent cough, wheeze, dyspnea, and asthma
have been documented both acutely and up to 7 years later


(3–13). WTC exposures significantly associated with respiratory
symptoms in residents and area workers included dust cloud
interaction, dust in the home or workplace, and duration of dust
and odors in the home (11, 14). Positive, graded links between
these exposures and reported upper and lower respiratory
symptoms (LRS) and asthma have been documented up to 6
years after 9/11 (14–16).


Abnormal screening spirometry has been demonstrated in ap-
proximately 25% of subjects in studies ofWTC disaster–exposed
populations with LRS (5, 16–18), supporting a link between
symptoms and functional impairment. However, spirometry
results in most subjects were within population norms. Spirom-
etry remained normal in most exposed firefighters after 9/11,
although the group mean showed significant longitudinal decre-
ments in forced expiratory volume in one second (FEV1) (19).
Therefore, the utility of spirometry in explaining LRS in WTC-
exposed groups has been limited.


Spirometry may not detect abnormalities in the distal airways
(20, 21) potentially damaged by environmental exposures. This
“silent zone of the lung” has a large aggregate cross-sectional
area, and contributes minimally to total resistance (21, 22). How-
ever, in obstructive airway diseases, the predominant reduction
may occur distally (23–25). Impulse oscillometry (IOS) assesses
airway resistance and frequency dependence of resistance (FDR).
FDR provides a measure of nonuniformity of airflow distribution,
which may reflect regional functional abnormalities in the distal
airways (26–28). FDR correlates with frequency dependence of
compliance measured by esophageal manometry, an established
test of distal airway function (29–31).


Elevated airway resistance measured by IOS was demon-
strated in ironworkers from the WTC site, but was predomi-
nantly in smokers and not associated with symptoms (4). An
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AT A GLANCE COMMENTARY


Scientific Knowledge on the Subject


World Trade Center–exposed residents and area workers
have experienced ongoing lower respiratory symptoms,
but spirometry measurements incompletely explain these
findings, indicating a need for additional lung function
studies.


What This Study Adds to the Field


The case–control design allowed demonstration of an as-
sociation between lower respiratory symptoms and impulse
oscillometry measurements of elevated airway resistance
and frequency dependence of resistance. The presence of
these findings despite normal spirometry suggested that
regional distal airways dysfunction contributes to lower
respiratory symptoms.
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association between airway resistance measured by IOS and
either WTC exposure or LRS was not found in a study of New
York State (NYS) rescue workers (32). However, elevated air-
way resistance on IOS was demonstrated in symptomatic WTC-
exposed residents and workers despite normal spirometry (33).


The WTC Health Registry comprises individuals exposed to
the disaster on 9/11 and its aftermath (2). A case-control study of
residents and area workers, nested within the Registry, was
conducted to determine whether those with persisting, post-
9/11 onset LRS (the cases) had greater exposure to the disaster
than asymptomatic registrants (the control subjects) (34). In the
current study, we investigated whether these cases were more
likely to have physiologic indicators of airway injury by spirom-
etry and oscillometry when compared with control subjects; and
whether cases, especially those with normal spirometry, were
more likely to demonstrate IOS findings consistent with distal
airways abnormalities.


Some of the results of this study have been previously
reported in the form of an abstract presented to the 2010 annual
meeting of the American Thoracic Society (35).


METHODS


The study population comprised Lower Manhattan adult residents and
area workers who had responded to the first (2003–2004) and second
Registry surveys (2006–2007). Potential cases and control subjects un-
derwent a third evaluation, the case–control interview, including a ques-
tionnaire, spirometry, and IOS. Cases were defined as reporting
post-9/11 onset LRS (persistent cough, shortness of breath, or wheez-
ing) in the first Registry survey and a LRS or use of a physician-
prescribed inhaler at two subsequent points: the second Registry survey
and the case–control interview. Control subjects did not report LRS
during these timeframes in these three surveys. Registrants were ex-
cluded from this study if, at the time of recruitment for the case–control
interview, they (1) lived more than 50 miles from New York City; (2)
ever smoked cigarettes (> 100 cigarettes lifetime); (3) reported a his-
tory of respiratory or cardiopulmonary disease before 9/11; (4) were
pregnant; or (5) were taking a b-adrenergic blocking medicine at the
time of interview, because it may induce bronchospasm.


All participants provided written informed consent. The Institu-
tional Review Boards of the New York City Department of Health
and Mental Hygiene and New York University Medical Center, New
York, New York, approved the protocol.


Recruitment and Data Collection


All of the limited pool of 140 residents and 59 resident and area workers
who met the case criteria were recruited (Figure 1). To increase statis-
tical power, all 479 residents and 151 resident and area workers who
met the control criteria were recruited. Because the Registry comprises
larger numbers of eligible area worker cases and control subjects, ran-
dom samples of these were prepared.


A computer-assisted, nurse-administered symptom and exposure
questionnaire, height, weight, and blood pressure measurements, spi-
rometry, and IOS were performed during a single visit to a community
field site. Acute WTC disaster exposures involved contact with the dust
cloud created by the towers’ collapse. Chronic factors were based on
prolonged exposures in the home or work site including extent of dust,
cleaning, smelling smoke, and time spent at home or work. Principal
components analyses were used to create composite exposure scales
based on responses to detailed questions about participants’ experien-
ces on 9/11 and the months that followed (34). Symptom questions
were modified from validated questionnaires (36–38). Additional
details of subject selection and recruitment are provided in the online
supplement.


Spirometry


Spirometry (Masterscreen IOS; Viasys Healthcare, Yorba Linda, CA)
was performed in accordance with American Thoracic Society/
European Respiratory Society standards (39). FEV1, FVC, and FEV1/


FVCwere referenced topublishedpredictive equations (40–42). Spirom-
etry patterns were classified as normal (FEV1/FVC and FVC > 5th
percentile); obstructive spirometry (FEV1/FVC , 5th percentile);
or restrictive spirometry (FVC , 5th percentile with normal FEV1/
FVC).


Oscillometry


Testing and data selection procedures are provided in the online sup-
plement. Measurements included airway resistance assessed at an oscil-
lating frequency of 5 Hz (R5) and FDR calculated as the difference
between resistance at 5 and 20 Hz (R5–20) (28). Published values were
used for upper limits of normal for R5 (3.96 cm H2O/L/s) and R5–20


(0.76 cm H2O/L/s) (4, 31, 33).


Statistical Analyses


Analyses used SAS version 9.2 (SAS Institute, Cary, NC). The chi-
square test was used to determine group differences on categorical var-
iables; the Wilcoxon two-sample test was chosen for group differences
on nonnormally distributed R5 and R5–20 values. Stratification and
multiple logistic regression were used to ascertain the independent
associations between case status and elevated airway resistance or
FDR while controlling for confounders including body mass index
(BMI). Two-tailed tests were used in all analyses. A maximum P value
of 0.05 was chosen for statistical significance.


RESULTS


Participation


Participants were interviewed between March 2008 and June
2010, an average of 20 months after the second Registry sur-
vey (range, 6242 mo) and 7.1 years (782105 mo) after 9/11.
Of 1,384 registrants solicited, 785 were studied, including 274
(59%) eligible cases and 511 (56%) eligible control subjects (Fig-
ure 1). Participants and nonparticipants did not vary significantly
by case–control status, resident or worker group, sex, age, race
and ethnicity, marital status, income, or mode of recruitment into
the first Registry survey (data not shown). Participation was sig-
nificantly lower among the relatively few registrants with less
than a high school education (35% of 46 eligible subjects).


Of the 274 potential cases interviewed (i.e., symptomatic on
the two prior surveys), 180 (65.7%) reported experiencing a LRS
or using an inhaler during the 4 weeks before interview and were
accepted as cases. Of the 511 potential control subjects (i.e., with
no symptoms on the two prior surveys), 473 (92.6%) reported
absence of any of these LRS during the 4 weeks before the in-
terview and were accepted as control subjects.


Case Symptoms


By definition, cases reported a new post-9/11 onset LRS by the
date of the first Registry survey, and more than half (53%)
reported onset within a year after 9/11. For the four weeks before
the case–control interview, cases reported cough (62.8%), dysp-
nea (56.7%), or wheeze (47.2%). Half the cases (52%) reported
having only one LRS (most commonly persistent cough), 25%
reported having two symptoms, and 22% reported all three; 2%
reported being asymptomatic but used an inhaled or oral med-
icine for a breathing problem. Nearly two-thirds (63.9%) of
cases reported that the LRS occurred on average at least twice
a week during the 4 weeks before interview. Cases were more
likely than control subjects to report nasal congestion (66% vs.
17%) or sinus congestion (52% vs. 11%) (P , 0.0001 for
both). A third (63 of the 180 cases) reported at least one of
the following post-9/11 physician diagnoses: asthma (52 cases),
chronic bronchitis (22), chronic obstructive pulmonary disease
(4), or emphysema (2).
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Demographic and WTC Disaster Exposure Characteristics


Casesweremore likely than control subjects to be female, a racial
ethnic group other than white non-Hispanic or Asian non-
Hispanic, 40 years or older, overweight or obese (BMI > 25),
and have less than a college education (Table 1).


Using composite measures of acute and chronic exposure to
the disaster, crude odds ratios were significantly higher for
cases versus control subjects except for time at home or work
(Table 2). Odds ratios adjusted for demographic variables and
the other exposure factors remained significantly higher on
dust cloud density and on two of the composite measures of
chronic exposures, dust and smoke at the home or workplace.
Adjusted odds ratios for time at home or workplace and clean-
ing of home or workplace were not found to be significant.
Because of participants’ lack of knowledge or recall of some
exposures, most notably cleaning of their home or office, ad-
justed odds ratios could be calculated on only 55.6% of the
overall 653 participants. Although only those who responded
on all demographic and exposure factors were included in the
multivariable analysis, those included were not significantly
different from those not included in terms of demographics
or case status (data not shown).


Occupational or avocational exposure to pulmonary toxins,
such as organic solvents, vehicle emissions, or asbestos, was
rarely reported by either cases or control subjects.


Pulmonary Function Test Results


Spirometry results were of acceptable quality in 96.0% (627 of
653) of subjects, and IOS results were acceptable in 91.7%
(599 of 653).


Cases had a significantly lower median percent of predicted
FEV1 and FVC compared with control subjects (P , 0.0001 for
both) (Table 3). FEV1/FVC did not differ significantly. A higher
proportion of cases than control subjects had an abnormal spi-
rometry pattern (18.7% vs. 10.8%; P , 0.05). The rates of
obstructive and restrictive spirometry patterns for cases were
10.2% and 8.4%, respectively, and cases were more likely than
control subjects to have a restrictive pattern (8.4% vs. 3.9%;
P , 0.05).


IOS measurements of airway resistance (R5) and FDR (R5–20)
were significantly higher in cases than in control subjects. In
cases, the median R5 was 4.69 cm H2O/L/s (95% confidence
interval [CI], 4.42–4.89) compared with 3.24 in control subjects
(95% CI, 3.14–3.36); similarly, median R5–20 in cases was 0.54 cm
H2O/L/s (95% CI, 0.45–0.68) compared with 0.052 (95% CI,
0.012–0.11) in control subjects (P , 0.0001 for both compari-
sons). As shown in Table 4, 67.5% of cases had elevated R5


versus 27.1% of control subjects, and 35.6% of cases had elevated
R5–20 versus 6.6% of control subjects (P , 0.0001 for both com-
parisons). When spirometry was normal, cases demonstrated el-
evated R5 and elevated R5–20 significantly more often than did


Figure 1. Case–control recruitment flow diagram. Of
25,140 Lower Manhattan residents and area workers
who responded to both Registry surveys, 9,209 were
never-smokers who denied a history of lower respiratory
symptoms (LRS) or cardiopulmonary disease before Sep-
tember 11, 2001. “Potential cases” (1,007) reported LRS
on the first survey and LRS or inhaler use on the second
survey. “Potential controls” (2,789) reported no LRS or
inhaler use. All eligible resident and resident and area
worker cases and control subjects, and a sample of worker
cases and control subjects, totaling 1,384, were solicited.
Of these, 785 were interviewed and tested. Final criteria
were met by 180 cases and 473 control subjects.
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control subjects: 61.7% versus 24.5% and 26.7% versus 5.9%,
respectively (P , 0.0001 for both). Of the 74 cases with normal
spirometry and elevated R5, 30 (41%) also had elevated R5–20.
The increased rates of elevated R5 and elevated R5–20 in cases
compared with control subjects were not explained by the pres-
ence of upper respiratory symptoms. For example, nasal or sinus
congestion was not associated with abnormal R5 or R5–20 among
cases or control subjects (data not shown).


Because obesity is known to affect airway function, we exam-
ined the effect of BMI on the relationship between LRS and IOS
results (Figures 2 and 3). Median R5 increased with increasing
BMI for both cases and control subjects (Figure 2), but cases
still demonstrated higher median R5 than control subjects
within each BMI group (P , 0.05 by Wilcoxon two-sample
test). Similarly, in Figure 3, R5–20 increased with increasing
BMI for both cases and control subjects, but cases had signifi-
cantly higher R5–20 than control subjects within each BMI cat-
egory (P , 0.01). In the absence of obesity, control subjects
were likely to have normal airway resistance and FDR: 79%


of non-obese control subjects had a normal R5 value, and 98%
of non-obese control subjects had a normal R5–20.


Associations between case status and elevated R5 or R5–20


were assessed via logistic regression (Table 5) controlling for
variables that were significant in bivariate analyses: spirometry,
BMI, age group, sex, race and ethnicity, education, and com-
posite exposure factors (Tables 1 and 2). Odds ratios for in-
creasing R5 or increasing R5–20 in the multivariable model
remained significant, although decreased in magnitude, 1.68
(95% CI, 1.21–2.35) and 2.59 (95% CI, 1.21–5.56). Among the
exposure factors, dust cloud density, smoke at home or work,
and dust at home or work were the strongest predictors of case
status. The obese BMI category, sex, age group, non-Hispanic
black or Hispanic race and ethnicity, and education level also
remained significant in the model but abnormal spirometry did
not. Therefore, LRS were significantly associated with oscillom-
etry but not spirometry measurements. When the relationship
between each exposure factor and IOS outcome was assessed in
an additional logistic regression model controlling for demo-
graphics, BMI, and case status, none of the six exposure factors
was associated with either R5 or R5–20 (data not shown). There-
fore, both exposure factors and IOS outcomes were associated
with persistent LRS, but exposure was not associated with R5 or
R5–20 in the absence of symptoms.


DISCUSSION


This case–control study of WTC-exposed residents and area
workers demonstrated that subjective LRS were associated with
objective measures of airway dysfunction and degree of expo-
sure to WTC dust. Whereas spirometry results were not associ-
ated with LRS in a multivariable model, elevated airway
resistance (increased R5) and FDR (increased R5–20) on IOS
were more likely in exposed cases with persistent LRS than in
less exposed, asymptomatic control subjects. Although most
cases had normal spirometry, most of these normal spirometry
cases had elevated airway resistance, indicating that IOS pro-
vided additional information about airway function. Many of
these subjects with elevated airway resistance also had FDR,
compatible with regional distal airways dysfunction as a contrib-
uting mechanism for LRS. Lastly, airway injury was evident
only in exposed subjects who developed persistent LRS.


Our study used IOS to assess airway resistance and FDR,
which has been shown to be a marker of nonuniform distribution
of airflow in the distal airways (27, 28). We noted an increased
degree and higher prevalence of FDR in cases compared with
control subjects suggesting that LRS may reflect dysfunction in
the distal airways. Recent literature supports the clinical rele-
vance of distal airway function measurement (43). In smokers
with obstructive spirometry (reduced FEV1/FVC), distal airway


TABLE 2. ODDS RATIO ESTIMATES FOR CASE STATUS BASED ON WORLD TRADE CENTER DISASTER
EXPOSURES (n ¼ 653)


N Cases/N Control
Subjects*


Crude Odds Ratio
(95% confidence interval)


Adjusted Odds Ratio†‡


(95% confidence interval)


Acute exposures
Dust cloud density 158/412 2.15 (1.76–2.62) 1.95 (1.38–2.77)
Time in dust cloud 158/412 1.32 (1.11–1.58) 1.02 (0.76–1.39)
Chronic exposures
Dust at home or work 146/376 1.79 (1.48–2.17) 2.25 (1.50–3.37)
Smoke at home or work 146/376 1.22 (1.01–1.49) 2.25 (1.35–3.76)
Time spent at home or work 146/376 0.79 (0.66–0.94) 1.06 (0.73–1.54)
Cleaning of home or work 122/357 1.67 (1.36–2.05) 1.00 (0.68–1.47)


* Number of participants who answered the specific exposure questions.
y Adjusted for age, sex, race or ethnicity, education, BMI, and listed exposures.
z N ¼ 363 (97 cases and 266 control subjects) with responses for all exposure and demographics questions above.


TABLE 1. DEMOGRAPHIC MEASURES BY CASE–CONTROL
STATUS (N ¼ 653)


Cases
Control
Subjects


N % N % P Value*


Total 180 27.6 473 72.4
Sex
Male 59 32.8 241 51.0 Reference
Female 121 67.2 232 49.0 ,0.0001


Age at interview
21–39 30 16.7 144 30.4 Reference
40–59 107 59.4 266 56.2 ,0.01
>60 43 23.9 63 13.3 ,0.0001


Race
White non-Hispanic 91 50.6 362 76.5 Reference
Black non-Hispanic 32 17.8 22 4.7 ,0.0001
Hispanic 32 17.8 22 4.7 ,0.0001
Asian non-Hispanic 13 7.2 63 13.3 0.65
Other 12 6.7 4 0.8 ,0.0001


Education level, 2003–2004
, High school graduate 5 2.8 9 1.9 0.20
High school graduate 29 16.1 25 5.3 ,0.0001
Some college 40 22.2 44 9.3 ,0.0001
> College graduate 106 58.9 393 83.4 Reference


Body mass index
Underweight/normal (,25) 44 24.4 273 58.1 Reference
Overweight (25–29) 58 32.2 135 28.7 ,0.0001
Obese (>30) 78 43.3 62 13.2 ,0.0001


* P values compare a given level with the reference category. Bold type indi-
cates P , 0.05.
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dysfunction was highly predictive of further decline in FEV1 (44).
Lastly, other studies have demonstrated that distal airway dys-
function is associated with an accelerated decline in FEV1 (45,
46).


This study is consistent with reports that only a minority of
symptomatic WTC-exposed subjects demonstrate spirometric ab-
normalities, predominantly reduced FVCwith normal FEV1/FVC
(5, 8). Although reduced FVC often indicates a restrictive pat-
tern, our finding of increased airway resistance suggests a func-
tional airway abnormality, supported by reports of bronchial
hyperreactivity and demonstration of bronchial wall thickening
and air trapping on computed tomography (16, 18, 47).


In the setting of normal spirometry, oscillometric evaluation of
distal airway function has provided information not apparent on spi-
rometry in several clinical settings. In coal workers, oscillometry
detected abnormalities not found on spirometry, plethysmography,
and pulmonary diffusion testing (48). In school-aged children,
oscillometric abnormalities were highly correlated with both atopy
and exercise-induced bronchospasm (49). In subjects with chronic
obstructive pulmonary disease, oscillometric measurements corre-
lated with symptoms and quality of life independent of spirometry
and imaging (50). Our data are in accord with these studies. Future


longitudinal studies will determine whether our findings progress
to overt airflow obstruction. The likelihood of distal airway abnor-
malities also indicates a potential target for treatment (24).


A minority of our cases had both normal spirometry and nor-
mal oscillometry results. In these cases, neither test may have
been sufficiently sensitive to detect functional abnormality, or
other pathophysiologic processes may have been responsible
for these symptoms.


We found an association between IOS abnormalities and LRS
in contrast to a study of NYS rescue workers (32). Our cases may
have had greater acute exposure to the disaster on 9/11 (73%
reported being in the dust cloud, whereas most NYS workers
arrived after 9/11), and all our cases had LRS during the 4
weeks before testing compared with 37% of NYS cases.


We excluded registrants who ever smoked cigarettes to elim-
inate a known but extraneous cause of reduced pulmonary func-
tion, andwe adjusted for obesity, which is potentially a confounder
(32, 51). Increased R5 and R5–20 were associated with obesity, and
obesity attenuated the relationship between these parameters
and LRS. However, an association between IOS parameters
and LRS independent of obesity was demonstrated both by anal-
ysis stratified by BMI category and by multivariable logistic re-
gression analysis, which included BMI and IOS.


TABLE 3. SPIROMETRY RESULTS, CASES VERSUS CONTROL
SUBJECTS (n ¼ 627)


Spirometry
parameters


Cases
(n ¼ 166)*


Control Subjects
(n ¼ 461)*


Median Quartiles Median Quartiles P Value†


FEV1 (% pred) 94.7 [85.3, 104.9] 100 [91.7, 107.1] ,0.0001‡


FVC (% pred) 95.8 [87.4, 104.9] 101.3 [93.1, 107.9] ,0.0001‡


FEV1/FVC (%) 78.7 [73.8, 82.2] 79.3 [74.9, 83.2] 0.10‡


Spirometry pattern N (%) N (%)
Normal 135 (81.3) 411 (89.2) ,0.05x


Obstructive║ 17 (10.2) 32 (6.9) 0.13¶


Restrictive 14 (8.4) 18 (3.9) ,0.05#


* 14 cases and 12 control subjects with unsatisfactory spirometry results were
excluded.


y Bold type indicates P , 0.05.
z Wilcoxon two-sample test.
x Overall chi-square for spirometry.
║ Includes one case and two control subjects with both obstructive and re-


strictive patterns.
¶ Chi-square, obstructive versus normal.
# Chi-square, restrictive versus normal.


Figure 3. Frequency dependence of resistance (R5–20) by body mass
index (BMI) status, cases versus control subjects. (n ¼ 597) Case boxes
are shaded, control boxes are clear. Boxes represent 25th, 50th, and
75th percentiles for R5–20 distribution. Whiskers represent 5th and 95th
percentiles. The dotted line at 0.76 cm H2O/L/s represents the maxi-
mum normal value for R5–20. R5–20 for cases is significantly different
from control subjects for each BMI category.


Figure 2. Pulmonary resistance (R5) by body mass index (BMI) status,
cases versus control subjects. (n ¼ 597) Case boxes are shaded, control
boxes are clear. Boxes represent 25th, 50th, and 75th percentiles for R5
distribution. Whiskers represent 5th and 95th percentiles. The dotted
line at 3.96 cm H2O/L/s represents the maximum normal value for R5.
R5 for cases is significantly different from control subjects for each BMI
category.


TABLE 4. OSCILLOMETRY RESULTS, CASES VERSUS CONTROL
SUBJECTS (n ¼ 599)


Cases
(n ¼ 160)


Control
Subjects
(n ¼ 439)


Total
(n ¼ 599)


n (%) n (%) n (%) P Value*


All participants† 160 439 599
R5 . 3.96‡ 108 (67.5) 119 (27.1) 227 (37.9) ,0.0001
R5–20 . 0.76‡ 57 (35.6) 29 (6.6) 86 (14.4) ,0.0001


Normal spirometry║ 120 387 507
R5 . 3.96‡ 74 (61.7) 95 (24.5) 169 (33.4) ,0.0001
R5–20 . 0.76‡ 32 (26.7) 23 (5.9) 55 (10.9) ,0.0001


* Bold type indicates P , 0.05 by chi-square.
y 20 cases and 34 control subjects with unsatisfactory quality oscillometry


results were excluded.
z cm H2O/L/s.
║ Either spirometry or oscillometry was not of acceptable quality for 31 cases


and 42 control subjects.
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A potential limitation to our study is that we classified IOS
measurements as abnormal based on limited normal population
data. However, values for airway resistance and FDR in non-
obese control subjects were generally below the published upper
limit of normal, supporting the limits chosen (79% had a normal
R5 value and 98% had a normal R5–20). In addition, we found
similarly significant results when we analyzed cases versus con-
trol subjects based on the distribution about the median. An-
other possible limitation is that we conducted spirometry and
oscillometry during only a single visit. Day to day variation may
have reduced the accuracy of individual lung function measure-
ment, but introduction of a specific bias is unlikely.


Our study is subject to selection and recall biases that affect
the Registry in which it is nested (2, 11). Exposed people may
have been more likely to recall symptoms, symptomatic people
may have been more likely to recall exposures, and both may
have been more likely to enroll in the Registry. In the first
Registry survey, 17.4% of the estimated 409,000 exposed pop-
ulation were interviewed; 68% of these were interviewed in the
second survey, from which our potential cases and control sub-
jects were chosen. Selection bias may decrease the generaliz-
ability of findings from Registry surveys to the overall exposed
population. Selection bias within our case–control study was
minimized by vigorous recruitment with enrollment of 57% of
eligibles. Participants were similar demographically to residents
and area workers who were eligible but did not participate.
Responses to detailed questions in our study interview corre-
lated strongly and significantly with responses to prior Registry
surveys, suggesting that additional recall bias was minimal. Fur-
thermore, IOS measurement is effort independent, and cases
and control subjects did not know their pulmonary function test
results before interview. Therefore, selection or recall biases do
not apply to these results, and do not affect the association
between these measurements and LRS.


In summary, WTC dust and smoke exposure in these residents
and area workers is associated with persistent LRS. This study
links these symptoms to lung function abnormalities. IOS captured


abnormalities beyond those identified by spirometry. The associa-
tion between post-9/11 onset, repeatedly reported LRS years after
exposure, and current lung function abnormalities suggests persis-
tent airway disease. The presence of FDR is compatible with distal
airways dysfunction as a contributing mechanism for these symp-
toms. This analysis highlights the value of assessing distal airway
function when evaluating individuals with persistent respiratory
symptoms and normal spirometry.
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Friedman, S., et al. (2011). “Case–Control Study of Lung Function in World Trade


Center Health Registry Area Residents and Workers.” Am J Respir Crit Care Med 184(5): 582–589.


Rationale: Residents and area workers who inhaled dust and fumes from the World Trade Center disaster reported lower respiratory symptoms in two World Trade Center Health Registry surveys (2003–2004 and 2006–2007), but lung function data were lacking.


Objectives: To examine the relationship between persistent respiratory symptoms and pulmonary function in a nested case–control study of exposed adult residents and area workers 7–8 years after September 11, 2001.


Methods: Registrants reporting post September 11th onset of a lower respiratory symptom in the first survey and the same symptom in the second survey were solicited as potential cases. Registrants without lower respiratory symptoms in either Registry survey were solicited as


potential control subjects. Final case–control status was determined by lower respiratory symptoms at a third interview (the study), when spirometry and impulse oscillometry were also performed.


Measurements and Main Results: We identified 180 cases and 473 control subjects. Cases were more likely than control subjects to have abnormal spirometry (19% vs. 11%; P,0.05), and impulse oscillometry measurements of elevated airway resistance (R5; 68% vs. 27%;


P,0.0001) and frequency dependence of resistance (R5–20; 36% vs. 7%; P , 0.0001). When spirometry was normal, cases were more likely than control subjects to have elevated R5 and R5–20 (62% vs. 25% and 27% vs. 6%, respectively; both P , 0.0001). Associations between symptoms and oscillometry held when factors significant in bivariate comparisons (body mass index, spirometry, and exposures) were analyzed using logistic regression.


Conclusions: This study links persistent respiratory symptoms and oscillometric abnormalities in World Trade Center–exposed residents and area workers. Elevated R5andR5–20 in cases despite normal spirometry suggested distal airway dysfunction as a mechanism for symptoms.

Caplan-Shaw, C.E., et al. (2011) “Lung Pathologic Findings in a Local Residential and


Working Community Exposed to World Trade Center Dust, Gas, and Fumes.” JOEM 53 (9): 981-991

Objective: To describe pathologic findings in symptomatic World TradeCenter–exposed local workers, residents, and cleanup workers enrolled in a treatment program. 

Methods: Twelve patients underwent surgical lung biopsy for suspected interstitial lung disease (group 1, n = 6) or abnormal pulmonary function tests (group 2, n = 6). High-resolution computed axial tomography and pathologic findings were coded. Scanning electron microscopy with energy-dispersive x-ray spectroscopy was performed.


Results: High-resolution computed axial tomography showed reticular findings (group 1) or normal or airway-related findings (group 2). Pulmonary function tests were predominantly restrictive. Interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals.


Conclusions: In symptomatic World Trade Center–exposed individuals, pathologic findings suggest a common exposure resulting in alveolar loss and a diverse response to injury.


Reibman, J., (2009) “Characteristics of a Residential and Working Community With


Diverse Exposure to World Trade Center Dust, Gas, and Fumes.” Occup Environ Med 51(5): 534–541..

Abstract


Objective—To describe physical symptoms in those local residents, local workers, and cleanup


workers who were enrolled in a treatment program and had reported symptoms and exposure to the


dust, gas, and fumes released with the destruction of the World Trade Center (WTC) on September


11, 2001.


Methods—Symptomatic individuals underwent standardized evaluation and subsequent treatment.


Results—One thousand eight hundred ninety-eight individuals participated in the WTC


Environmental Health Center between September 2005 and May 2008. Upper and lower respiratory


symptoms that began after September 11, 2001 and persisted at the time of examination were common


in each exposure population. Many (31%) had spirometry measurements below the lower limit of


normal.


Conclusions—Residents and local workers as well as those with work-associated exposure to


WTC dust have new and persistent respiratory symptoms with lung function abnormalities 5 or more


years after the WTC destruction.


Farfel, M., et al.(2008) “An Overview of 9/11 Experiences and Respiratory and Mental Health Conditions among World Trade Center Health Registry Enrollees.” J Urban Health 85(6): 880-909. Epub 2008 Sep 11.

ABSTRACT To date, health effects of exposure to the September 11, 2001 disaster in New


York City have been studied in specific groups, but no studies have estimated its impact


across the different exposed populations. This report provides an overview of the World


Trade Center Health Registry (WTCHR) enrollees, their exposures, and their respiratory and mental health outcomes 2–3 years post-9/11. Results are extrapolated to the estimated universe of people eligible to enroll in the WTCHR to determine magnitude of impact. Building occupants, persons on the street or in transit in lower Manhattan on 9/11, local residents, rescue and recovery workers/volunteers, and area school children and staff were interviewed and enrolled in the WTCHR between September 2003 and November 2004. A total of 71,437 people enrolled in the WTCHR, for 17.4% coverage of the estimated eligible exposed population (nearly 410,000); 30% were recruited from lists, and 70% were self-identified. Many reported


being in the dust cloud from the collapsing WTC Towers (51%), witnessing traumatic events (70%), or sustaining an injury (13%). After 9/11, 67% of adult enrollees reported new or worsening respiratory symptoms, 3% reported newly diagnosed asthma, 16% screened positive for probable posttraumatic stress disorder (PTSD), and 8% for serious psychological distress (SPD). Newly diagnosed asthma was most common among rescue and recovery workers who worked on the debris pile (4.1%). PTSD was higher among those who reported Hispanic ethnicity (30%), household income G$25,000 (31%), or being injured (35%). Using previously published estimates of the total number of exposed people per WTCHR eligibility criteria, we estimate between 3,800 and 12,600 adults experienced newly diagnosed asthma and 34,600–70,200 adults experienced PTSD following the attacks, suggesting extensive adverse health impacts beyond the immediate deaths and injuries from the acute event.


Lin, S. et al. (2007) “Reported Respiratory Symptoms and Adverse Home Conditions after 9/11 among Residents Living near the World Trade Center” Journal of Asthma 44(4):325–332.

This study investigated whether self-reported damage, dust, and odors in homes near the World Trade Center (WTC) after September 11, 2001,were related to increased rates of respiratory symptoms among residents and if multiple sources of exposure were associated with greater health risk. We mailed questionnaires to homes within 1.5 km of the WTC site (affected area) and in upper Manhattan (control area). Surveys asked about respiratory symptoms, unplanned medical visits, physician diagnoses, medication use, and conditions in the home after 9/11. Adverse home conditions were associated with new-onset (i.e., began after 9/11) and persistent (i.e., remained 1 year after 9/11) upper and lower respiratory symptoms in the affected area (Cumulative Incidence Ratios [CIRs] 1.20–1.71). Residents reporting longer duration of dust/odors or multiple sources of exposure had greater risk for symptoms compared to those reporting shorter duration and fewer sources. These data suggest that WTC-related contamination in the home after 9/11 was associated with new and persistent respiratory symptoms among residents living near the site. While we cannot eliminate potential biases related to self-reported data, we took strategies to minimize their impact, and the observed effects are biologically plausible.


Reibman, J., Lin, S., et al. (2005) “The World Trade Center Residents’ Respiratory Health Study: New-Onset Respiratory Symptoms and Pulmonary Function” EHP 13(4): 406-411.

Objective: To describe physical symptoms in those local residents, local workers, and cleanup workers who were enrolled in a treatment program and had reported symptoms and exposure to the dust, gas, and fumes released with the destruction of the World Trade Center (WTC) on September 11, 2001.


Methods: Symptomatic individuals underwent standardized evaluation and subsequent treatment.


Results: One thousand eight hundred ninety-eight individuals participated in the WTC Environmental Health Center between September 2005 and May 2008. Upper and lower respiratory symptoms that began after September 11, 2001 and persisted at the time of examination were common in each exposure population. Many (31%) had spirometry measurements below the lower limit of normal. 


Conclusions: Residents and local workers as well as those with work-associated exposure to WTC dust have new and persistent respiratory symptoms with lung function abnormalities 5 or more years after the WTC destruction.
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The destruction of the World Trade Center
(WTC) in New York City on 11 September
2001 resulted in the pulverization of two
107-story buildings and the massive release of
combustion products from jet fuel and burn-
ing structures. An initial cloud of dust and
smoke enveloped the area in all directions.
Subsequent wind-blown plumes dispersed
dust and smoke throughout lower Manhattan
and Brooklyn. Fires in the 16-acre site contin-
ued for more than 3 months after the event,
with the prolonged release of combustion
products. Analyses of the settled dusts have
revealed cement, glass, and particulate matter,
including gypsum, calcium carbonate, cement
dust, and glass fibers. The dusts were alkaline,
with a pH ranging from 9.3 to 11.5 (Lioy
et al. 2002; McGee et al. 2003; Service 2003).
Metals, including chromium, iron, magne-
sium, manganese, aluminum, barium, tita-
nium, and lead, were also detected (Lioy et al.
2002). Particles were also noted to contain
polycyclic aromatic hydrocarbons, polychlori-
nated biphenyls, and organochlorine pesti-
cides (Lioy et al. 2002; Offenberg et al. 2003).


Although often considered a financial
district, lower Manhattan contains a large
residential community with approximately
58,000 residents living south of Canal Street.
The residential communities encompass many
socioeconomic levels and residents of diverse
race/ethnicity. Housing stock consists of large
housing complexes containing thousands of
residential units as well as smaller residential


buildings. Some residents in the immediate
area surrounding the former WTC [Ground
Zero (GZ)] were immediately evacuated; how-
ever, many remained in their apartments.
Residents who were evacuated returned to
their apartments over the ensuing weeks to
months. Dusts from the collapse settled on
streets, playgrounds, cars, and buildings. Dusts
entered apartments through open windows,
building cracks, and ventilation systems.
Removal of these dusts in individual apart-
ments was accomplished in a variety of ways;
some residents used professional cleaners,
whereas many performed the operation them-
selves. No consistent cleanup operation was
offered to the residential community until
1 year after the event.


Adverse respiratory health effects from
exposures to WTC dusts are being reported.
Firefighters exposed to materials generated
during the collapse of the WTC have devel-
oped cough and bronchial hyperresponsiveness
(Banauch et al. 2003; Prezant et al. 2002). A
preliminary telephone survey of a small sample
of residents in Manhattan also suggested the
presence of respiratory health effects 8 weeks
after the event (Fagan et al. 2002). To examine
whether the destruction of the WTC resulted
in adverse respiratory health effects in the resi-
dential community, we developed a collabora-
tive effort between the New York State
Department of Health, New York University
School of Medicine/Bellevue Hospital, and
numerous community health programs and


local community organizations. The overall
study was designed to test the hypotheses that
the rates and severity of new and previously
existing respiratory diseases increased among
residents after 11 September 2001 in the com-
munity surrounding GZ compared with a
control community. We now report results of
the first part of the study, which was designed
to test the hypothesis that the destruction of
the WTC increased the incidence of persistent
new-onset respiratory symptoms and airflow
obstruction in previously normal residents in
the surrounding community. Additional stud-
ies will address upper respiratory symptoms,
exacerbations of preexisting asthma, and med-
ical care utilization.


Materials and Methods


Study participants. Because of the unforeseen
nature of the event, the study was necessarily
designed as a hybrid cross-sectional and retro-
spective cohort study of residents in an exposed
area and a control area and was approved by
institutional review boards of the New York
State Department of Health and New York
University. All participants gave their written
consent. Community residents, advocacy
groups, local community boards, local tenant
organizations, local medical organizations, and
clinics all actively participated in the design
and implementation of the study. Residents in
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The World Trade Center Residents’ Respiratory Health Study: New-Onset
Respiratory Symptoms and Pulmonary Function
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The destruction of the World Trade Center (WTC) on 11 September 2001 in New York City
resulted in the massive release of pulverized dust and combustion products. The dust and smoke
settled in the surrounding area, which encompassed a large residential community. We hypothe-
sized that previously normal residents in the community surrounding the former WTC would have
an increased incidence of persistent respiratory symptoms and abnormalities in screening spirome-
try. A hybrid cross-sectional and retrospective cohort study using a symptom-based questionnaire
and onsite screening spirometry in residents in an exposed area and in a control area was performed
12 ± 4 months after the collapse. Surveys were analyzed from 2,812 residents. New-onset respira-
tory symptoms were described by 55.8% of residents in the exposed area, compared with 20.1% in
the control area after the event. Persistent new-onset symptoms were identified in 26.4 versus 7.5%
of residents in the exposed area versus control area, respectively. No differences in screening
spirometry between the groups were detected. A small pilot study suggested the possibility of an
increase in bronchial hyperresponsiveness in exposed participants with persistent symptoms. The
data demonstrate an increased rate of new-onset and persistent respiratory health effects in resi-
dents near the former WTC compared with a control population. Key words: asthma, environ-
mental disasters, environmental hazards, reactive airways dysfunction, World Trade Center.
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buildings within a 1-mile radius from the
former WTC were considered to be in the
exposed area. Building complexes in the
exposed area were identified in each direction
of GZ. Residents in buildings located > 4.8
miles north of the WTC in Manhattan were
considered to live in the control area. Areas
south, east, and west of the WTC that were
affected by the plume were excluded from
selection as a control area. Building complexes
in both the exposed area and the control area
were identified by type of housing unit (e.g.,
low- or high-income rental, cooperative, con-
dominium, or federally funded housing com-
plex) to obtain a distribution of socioeconomic
levels in the survey. Building complexes with
similar characteristics were identified for the
exposed area and the control area. Residual
socioeconomic differences among the study
areas were controlled for during analysis. We
oversampled the population in the exposed
area to obtain a large and representative popu-
lation. In addition, at the time that this study
was developed and implemented, this was the
only study of health effects of local residents,
and we thought that the detection of individu-
als in this study might provide the only oppor-
tunity for identification of residents for follow-
up studies of health effects. We used the ratio
of 9:1 (exposed:control area) while recruiting
study participants. The exposed area included
49 buildings in lower Manhattan composed of
approximately 9,200 households. The control
area included approximately 1,000 households.


Study procedure. A self-administered ques-
tionnaire to identify asthma or asthmalike
symptoms was developed from previously vali-
dated questionnaires (Abramson et al. 1991;
Asher et al. 1995; Burney et al. 1989; Ravault
and Kauffmann 2001). Questions were modi-
fied to delineate reference times in relation to
11 September 2001, to identify the onset of
symptoms, and to determine whether symp-
toms were present within the 4-week period of
responding to the questionnaire. Additional
questions were included to obtain demo-
graphic information as well as to identify the
presence of the resident in the apartment dur-
ing the time of interest and any preceding or
subsequent medical problems and medications.
Questionnaires were available in Spanish and
traditional Chinese.


The study was publicized at community
board meetings, tenant meetings, local health
fairs, building luncheons, and meetings. Notices
of the study were included in local newspapers
and building newsletters. Postings were also
placed in buildings and streets. Outreach work-
ers were situated in buildings at the time of
delivery of the questionnaires to help distribute
questionnaires and respond to questions.


Questionnaires were distributed to all
defined buildings 12 ± 4 months after the
collapse of the WTC. Questionnaires were


initially distributed via bulk mail. However,
it became apparent that the federal postal
service was not functioning in many of the
areas near GZ in a consistent manner and
that many of the questionnaires had not been
delivered. Subsequently, in areas with ques-
tionable mail delivery, questionnaires were
hand delivered to every apartment or, when
entry was denied, to every building lobby. A
first-class mailing of the questionnaire was
then repeated, and all apartments were sent
reminder postcards. Up to four residents (two
adults, two oldest children) in each apartment
were asked to complete the questionnaire.


Because of a concern about potential selec-
tion bias in our response, two buildings of simi-
lar housing stock were targeted in the exposed
area and in the control area for more intensive
outreach. Residents of these buildings received a
third copy of the packets, and outreach workers
remained in these buildings for additional days
and evenings to respond to questions and rein-
force participation in the study. These targeted
buildings represented 440 households in the
exposed area and 240 in the control area. These
targeted buildings with higher response rates
were used to provide an estimate of selection
bias compared with the remaining study sites.


Case definitions. “Previously normal” resi-
dents were considered to be those who did not
have a physician diagnosis of asthma, chronic
obstructive pulmonary disease, or emphysema
before 11 September 2001.


Previously normal residents with new-
onset symptoms were considered those who
answered positively to any of the questions
pertaining to respiratory symptoms of cough,
shortness of breath (SOB), or wheeze or were
using oral or inhaled medications for asthma at
any time after 11 September 2001. Previously
normal residents with persistent new-onset
symptoms were defined as participants with
symptoms that began after 11 September 2001
and who had a frequency of symptoms more
than twice each week or medication use within
4 weeks of responding to the questionnaire.


Screening spirometry. Participants who
were previously normal and had persistent
new-onset symptoms were invited to perform a
scheduled screening spirometry at a local com-
munity site. Participants were excluded for
analysis if they were < 6 years of age because
of the potential for technical difficulties.
Participants > 65 years of age or with a history
of cardiovascular disease were excluded for
safety reasons, because the studies were per-
formed in the field. Participants with a current
or > 5 pack-year history of cigarette use, who
lived in the control area but worked in the
exposed area, who returned to the residence
after January 2002, or who refused to be
recontacted were also excluded.


Spirometry was performed in the field
by trained personnel with a Micro Direct


(Lewiston, ME) portable spirometer that com-
plied with American Thoracic Society specifi-
cations. Studies with three measurements
within 5% of each other were considered
acceptable. Participants on medications were


least 4 hr. Values of forced expiratory volume
in 1 sec (FEV1), forced vital capacity (FVC),
FEV1/FVC, and flows at mid lung volumes
(FEF25–75) were obtained. Analyses were per-
formed using normal predicted values from
Hankinson et al. (1999). Because studies were
being performed in the community, broncho-
dilator responses were not assessed.


Airway hyperresponsiveness. Previously
normal participants were invited to perform
a methacholine challenge test (MCT) as a
monitor of bronchial hyperresponsiveness.
Participants < 55 years of age with an FEV1


onset symptoms or absence of symptoms were
invited to undergo an MCT at the New York
University/Bellevue Hospital pulmonary func-
tion laboratory. Spirometry was performed to
confirm baseline values. MCT was performed
using the 2-min tidal breathing protocol with
methacholine delivered via a nebulizer up to
a maximal dose of 8 mg/mL (Crapo et al.
2000). A test was considered positive if the
subject had a ≥ 20% drop in FEV1.


Statistical methods. We calculated the
overall response rate on the basis of the num-
ber of households responding in the exposed
area and control area because of the variation
in the number of individuals residing in each
household. An undetermined number of resi-
dents permanently moved out of the exposed
area after the event. Packets that were returned
unopened were therefore considered to have
come from vacant households and were con-
sidered vacant for this calculation. The rates
for each health outcome were calculated as the
number of participants with a specific out-
come, divided by the number of eligible par-
ticipants. We computed cumulative incidence
ratios (IRs) comparing the exposed area and
control area and used 95% confidence inter-
vals (CIs) to estimate the precision of the
cumulative IR. We used unconditional logistic
regression analysis to compute adjusted odds
ratios (ORs) while controlling for potential
confounders, including age, sex, education,
race, and smoking. Because respiratory dis-
eases are not rare events, ORs from logistic
regression tended to persistently overestimate
cumulative IRs. Therefore, the crude IRs with
95% CI are presented in result tables, and
adjusted OR as well as CIs were used only to
examine if the results were still statistically sig-
nificant after controlling for confounders.


The demographic characteristics between
the participants in the exposed area and control
areas were compared using the t-test of contin-
uous variables (e.g., age) or the chi-square test
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≥ 70% predicted and either persistent new-


asked to withhold use of medications for at







for categorical variables (e.g., sex). For the
analysis of the spirometry data, means ± SDs
are presented. The t-test was used to compare
the mean in the exposed area with the mean in
the control area.


Results


Study participants. A total of 9,168 survey
packages were sent to households in the
exposed area and 962 to households in the con-
trol area. Responses were obtained from 2,520
households in the exposed area (22.3%) and
295 in the control area (23.3%). Household
responses were greater in the targeted build-
ings, with 205 of 440 households responding
from the exposed area (43.8%) and 99 of 240
(41.2%) households responding from the
control area.


A total of 3,196 individual responses were
returned for analysis; 384 respondents were
excluded from analysis because they did not
reside in the residence on 11 September 2001,
they returned to the residence after 1 January
2002, the residence was in the control area but
the respondent worked in the exposed area, or
the questionnaire was answered for a person
born after 11 September 2001. Of the 2,812
responses that were therefore used for analyses,
2,520 were returned from residents in the
exposed area, and 292 from residents in the
control area (see Figure 1).


The demographic characteristics of the
2,812 remaining respondents are shown in
Table 1. In both the exposed area and the
control area, there were more women respon-
dents than men respondents. Although most
respondents were between 35 and 64 years of
age, there was a higher response rate from
older participants in the control area. A wide
distribution of income levels was detected in
both the exposed area and control area; how-
ever, more respondents from the exposed area
earned < $25,000 compared with those in the
control area. More respondents in the control
area were Caucasian, whereas more respon-
dents in the exposed area were of Asian or
Hispanic/Latino descent. These differences
reflect differences in the underlying popu-
lations according to the 2000 U.S. Census


(U.S. Census Bureau 2000) and were consid-
ered potential confounders. As such, they
were controlled for in multivariate analyses.


Respiratory symptoms in residents. A pre-
vious diagnosis of respiratory disease was
identified in 417 (16.6%) and 41 (13.9%) of
the residents in the exposed area and the con-
trol area, respectively. These residents were
not considered previously normal and were
excluded from subsequent analysis. Thus,
information from 2,103 participants in the
exposed area and 251 participants in the con-
trol area was available for analysis.


As shown in Table 2, more than twice as
many previously normal residents in the
exposed area complained of respiratory symp-
toms at some time after the collapse of the
WTC compared with residents in the control
area. Cough was the most common symptom
and was noted in three times as many partici-
pants in the exposed area as in the control area.
Four times as many residents in the exposed
area complained of wheeze compared with resi-
dents in the control area. Approximately three
times as many residents in the exposed area
complained of SOB. The difference in these
symptoms in the residents in the exposed area
remained significant even after adjusting for
age, sex, education, smoking, and race.


To assess whether respiratory symptoms
were persistent, previously normal participants
were asked about the presence and frequency
of individual symptoms within the 4 weeks
preceding the survey. Symptoms were con-
sidered persistent if they occurred with a fre-
quency of at least twice each week. As shown
in Table 3, symptoms had resolved in many of
the residents by the 4 weeks preceding the
survey. However, almost three times the num-
ber of residents in the exposed area continued
to have any persistent respiratory symptom
compared with residents in the control area.
The predominant symptom remained cough.
Persistent wheezing was reported in 10.5% of
participants in the exposed area compared
with 1.6% in the control area.


Similar results were noted for the targeted
population that received intensive outreach
and had a greater response rate (43.8 and


41.2% response rate for exposed area and con-
trol area, respectively) compared with the total
study population. Respondents from the tar-
geted exposed area had a greater risk of new-
onset respiratory symptom (IR, 3.05; 95% CI,
2.12–4.39) and persistent respiratory symptoms
(IR, 4.63; 95% CI, 2.50–8.57) compared with
residents in the targeted control area. Persistent
daytime SOB was reported in 13.7%, and
wheezing was reported in 13.7% of these previ-
ously normal residents.


We assessed the severity of the reported
persistent symptoms, as defined by the fre-
quency of each individual symptom, in previ-
ously normal participants with persistent new-
onset symptoms. This analysis is shown in
Table 4. Almost 24% of participants with a
persistent symptom complained of cough on a
daily basis. Daily wheezing was described by
17.5% of the residents in the exposed area
who had a persistent symptom. Using fre-
quency of symptoms to characterize severity of
asthma according to the Global Initiative for
Asthma guidelines (National Heart, Lung, and
Blood Institute 2002), this symptom fre-
quency would be compatible with at least
moderate persistent asthma.


Screening spirometry in residents. Three
hundred sixteen participants were eligible and
agreed to screening spirometry in the field.
Many residents did not respond to repeated
attempts at telephone scheduling, failed to
come to the scheduled appointments, or could
not complete a successful study. Spirometry
was successfully completed in 117 (37%) of
the eligible residents. No differences were
detected between residents with symptoms in
the exposed area compared with asympto-
matic residents in any parameter of airflow,
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Figure 1. Study cohort classifications. Previously normal residents were considered to be those who did
not have a physician diagnosis of asthma, chronic obstructive pulmonary disease, or emphysema before
11 September 2001.


Exposed
n = 2,520


Control
n = 292


Previous
respiratory diagnosis


n = 417
16.6%


Previously
normal


n = 2,103
83.4%


Previous
respiratory diagnosis


n = 41
14.9%


Previously
normal
n = 251
86.0%


All respondents
n = 2,812


Table 1. Demographics of resident respondents
(percentage) to the WTC Residents’ Respiratory
Health Study.


Exposed Control
Characteristic (n = 2,520) (n = 292) p-Value


Sex
Male/female 38.0/62.0 41.3/58.7 0.3056


Age (years)
0–34 23.4 23.8
35–64 51.7 35.9 < 0.0001
≥ 65 24.9 40.3


Household income
< $24,999 33.4 20.3
$25,000–49,999 18.3 19.8 0.0004
$50,000–99,999 23.6 30.4
≥ $100,000 24.6 29.5


Race/ethnicitya


White 61.7 79.3 < 0.0001
Hispanic 13.7 7.5 0.0038
Asian 16.4 3.2 < 0.0001
African American 8.2 11.8 0.0439
Other 4.5 4.4 0.9515


Education
< High school 19.6 10.8 0.0004


aRace/ethnicity groups are not mutually exclusive and
therefore do not add to 100%.







including FEV1, FVC, FEV1/FVC, and
FEF25–75 (Table 5). We failed to observe a
difference in the number of individuals with
an FEV1 or FEV1/FVC below the lower limit
of normal in the individuals in the exposed
area with new-onset persistent symptoms and
asymptomatic individuals, or between indi-
viduals in the control area. Of participants
with persistent symptoms in the exposed area,
20.8% had used a controller medication
(inhaled corticosteroid, long-acting β-agonist,
theophylline compound, leukotriene modi-
fier) in the 4 weeks before spirometry, com-
pared with none of the participants in the
asymptomatic groups. Of participants with
persistent symptoms in the exposed area,


16.7% had used a short-acting β-adrenergic
agonist inhaler for asthma, compared with
1.5% in the asymptomatic exposed group and
none in the control residents.


All participants were invited to undergo an
MCT according to eligibility criteria defined in
“Materials and Methods.” MCT was performed
in 24 volunteer participants, including those
with persistent new-onset respiratory symptoms
(n = 12), asymptomatic participants from the
exposed area (n = 6), and asymptomatic partici-
pants from outside the exposed area (n = 6). No
significant difference was noted in baseline
spirometry between these groups (data not
shown). Many (6 of 12) participants with persis-
tent new-onset symptoms had a positive MCT


compared with asymptomatic participants
(p < 0.05). None of the asymptomatic partici-
pants in either group had a positive MCT.


Discussion


The World Trade Center Residents’ Respiratory
Health Study was initiated in response to ques-
tions by residents in the surrounding commu-
nity of the disaster site about the respiratory
health risk for residents and was designed to
study upper and lower respiratory tract symp-
toms, physician diagnoses, unplanned medical
visits, and physical condition of the apartments
after the collapse of the WTC. We now report
on the presence and persistence of new respira-
tory health issues in residents near GZ. The
study was completed 16 months after the
destruction of the WTC. Our study suggested
an increased incident rate of new-onset respira-
tory symptoms in residents near GZ compared
with residents in a control area. Although these
symptoms resolved in many residents, an
increased incident rate of persistent new-onset
respiratory symptoms was also detected com-
pared with a control group. These data suggest
that exposure to dust and fumes from the
destruction of the WTC was associated with
new-onset respiratory symptoms that persisted
in a subset of residents.


The predominant respiratory symptom
detected in symptomatic residents consisted of
cough, with some participants also experienc-
ing dyspnea and wheezing. These symptoms
are consistent with those identified in the res-
cue workers and responder populations such as
the firefighters and ironworkers (Feldman et al.
2004). They fit some but not all criteria for
reactive airways dysfunction (RADS) (Alberts
and do Pico 1996; Bardana 1999; Brooks et al.
1985). We cannot document the exposure
level of the residents to the dusts and fumes,
and although some of these residents may have
had high-level exposure from the initial dust
cloud, others may have only experienced
lower-level exposure from settled dust and per-
sistent fires. Descriptions of irritant-induced
asthma have included cases with a history of
repeated low-intensity exposures, in which the
symptoms have a more delayed expression, and
this pattern may be more consistent with the
potential exposure history and symptoms of
many of the residents in this study (Brooks
1998; Kipen et al. 1994). The persistence of
symptoms identified in some of the study par-
ticipants is also consistent with irritant-induced
asthma, in which symptoms can persist for
years (Chang-Yeung et al. 1994; Demeter et al.
2001). The persistence of symptoms is also
consistent with the findings recently described
in firefighters exposed to WTC dusts (Banauch
et al. 2003).


Only a subset of residents with potential
exposure experienced the onset and persistence
of respiratory symptoms. The characteristics of
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Table 2. New-onset respiratory symptoms (percentage) in previously normal residents.a


Exposed Control Crude IR
Symptom (n = 2,103) (n = 254) (95% CI)


Any cough without cold 40.6 12.1 3.36 (2.38–4.74)*
Nighttime cough 36.7 11.7 3.15 (2.21–4.48)*
Wheeze 28.4 6.6 4.32 (2.68–6.98)*
Daytime SOB 27.2 10.4 2.62 (1.80–3.83)*
Morning chest tightness 23.7 7.9 3.00 (2.15–6.94)*
SOB after exercise 18.1 4.7 3.86 (2.15–6.94)*
Nighttime SOB 15.8 4.5 3.48 (1.94–6.25)*
Any of the above symptoms 55.8 20.1 2.78 (2.17–3.56)*
aNo diagnosis of asthma, chronic obstructive pulmonary disease, chronic bronchitis, or other lung disease before
11 September 2001. *Effect still statistically significant after adjusting for age, sex, education, smoking, and race.


Table 3. Persistenta new-onset respiratory symptoms (percentage) in previously normal residents.


Exposed Control Crude IR
Symptom (n = 2,103) (n = 254) (95% CI)


Cough without cold 16.0 4.0 3.99 (2.15–7.38)*
Nighttime cough 12.9 3.7 3.51 (1.83–6.72)*
Wheeze 10.5 1.6 6.50 (2.44–17.33)
Daytime SOB 10.6 3.6 2.94 (1.53–5.66)*
Morning chest tightness 8.4 1.6 5.21 (1.95–13.91)*
SOB after exercise 7.4 1.7 4.45 (1.66–11.91)*
Nighttime SOB 6.2 0.8 7.64 (1.90–30.70)*
Any of the above symptoms 26.4 7.5 3.53 (2.28–5.47)*
aSymptom frequency ≥ 2 days per week in the past 4 weeks. *Effect still statistically significant after adjusting for age,
sex, education, smoking, and race.


Table 4. Frequency (percentage) of specific symptoms in residents with persistent new-onset respiratory
symptoms.


Symptom Never < 2 days/week 2–6 days/week Daily


Cough without cold 15.2 21.4 40.0 23.5
Nighttime cough 24.3 23.5 36.2 15.9
Daytime SOB 28.7 25.3 28.2 17.8
Wheeze 34.7 22.3 25.5 17.5
Morning chest tightness 41.9 20.4 27.5 10.2
SOB after exercise 44.1 19.7 24.3 11.8
Nighttime SOB 52.3 20.6 19.2 7.9


Table 5. Screening spirometry in previously normal residents with persistent new-onset respiratory symptoms
(mean ± SD).


Exposed persistent symptoms Exposed asymptomatic Control asymptomatic
(n = 49) (n = 67) (n = 17)


FEV1 (percent predicted) 91.4 ± 12.1 95.4 ± 14.0 93.0 ± 11.9
FVC (percent predicted) 89.6 ± 12.2 94.3 ± 14.7 89.9 ± 10.0
FEV1/FVC (%) 82.1 ± 6.9 81.4 ± 4.2 83.3 ± 7.1
FEF25–75 (percent predicted) 90.1 ± 26.6 90.0 ± 22.0 94.6 ± 34.3
PEF (percent predicted) 90.2 ± 17.6 97.5 ± 15.9 93.8 ± 13.4


PEF, peak expiratory flow. p-Value > 0.05 for all comparisons.







this susceptible group are unclear. The varia-
tion in response may be due to differences in
the intensity or duration of exposure to the
WTC dusts in the population with persistent
symptoms compared with those without.
Alternatively, irritant-induced asthma has
been described to be more common in partici-
pants with preexisting allergic or atopic dis-
orders (Brooks et al. 1998). We did not
specifically explore whether participants with
persistent symptoms had preexisting atopic
disorders in this study.


The possibility exists that psychological
stress might play a role in the reported symp-
toms, because post-traumatic stress disorder has
been reported to be associated with asthma and
other respiratory diseases (Fagan et al. 2003). In
the present study we could not determine
whether environmental factors, psychological
distress, or a combination, contributed to the
increase of respiratory symptoms, because psy-
chological factors were not examined in this
part of the study.


Despite our original hypothesis, we were
unable to detect a significant difference in air-
flow parameters measured by screening
spirometry performed in the field between res-
idents with persistent new-onset respiratory
symptoms and asymptomatic or control resi-
dents. We did not have preexisting medical
information available to us for the population
of study, and as a result, we performed
between-subject comparisons. The possibility
exists that our statistical power was not great
enough to detect small differences in airflow
measurements between the two populations.
The symptoms detected in the exposed popu-
lation may also be due to changes in the small
airways or to an increase in bronchial hyperre-
sponsiveness, both of which can be missed
with routine screening spirometry. In addi-
tion, many participants in the group with per-
sistent symptoms in the exposed area were
using a controller medication at the time of
the study. Use of these medications may have
improved their lung function. The findings
are, however, consistent with those described
in firefighters exposed to WTC dusts in which
no significant differences in spirometry values
were detected between participants with high
and low exposure, suggesting that these para-
meters are insensitive for between-subject
comparisons in these exposed populations
(Prezant et al. 2002). MCT performed in a
small pilot study of participants suggested that
the symptoms of some of these residents
might be explained by the presence of
bronchial hyperresponsiveness, a finding that
would be consistent with the data reported for
firefighters (Prezant et al. 2002).


The predominant compounds detected in
the settled dusts collected 1 and 2 days after
the WTC explosion included calcium sulfate
(gypsum) and calcium carbonate (calcite) (Lioy


et al. 2002; McGee et al. 2003; Service 2003).
The aqueous extracts were extremely alkaline
(Lioy et al. 2002). These particle characteristics
are associated with mucus membrane irritation
and thus have the potential to elicit airway
symptoms consistent with those detected in
this study (Stellman 1998). Biologic plausi-
bility for health effects from WTC dusts is
supported by in vitro and in vitro studies.
Primary human lung cells (alveolar macro-
phages and epithelial cells) reveal an increase in
inflammatory cytokines, interleukins 8 and 6,
in response to WTC dusts (Payne et al. 2004).
Animal studies, using WTC-derived fine par-
ticulate matter, demonstrate that very high
doses elicit pulmonary inflammation and
hyperresponsiveness (Gavett et al. 2003).
Although lower doses of these particles did not
induce inflammation or hyperresponsiveness,
the effects of chronic exposures were not tested
in these studies.


Despite the large sample size of this study,
there are some potential limitations to the
study. In contrast to the firefighters, in whom
a baseline health and pulmonary function
profile was well established and documented
before 11 September 2001, no consistent
information was available about the health of
the residents in the surrounding GZ commu-
nity before 11 September 2001. Many of these
residents were considered normal before that
date and thus do not have documented respira-
tory health information preceding 11 September
2001. We therefore used self-reported health
information. The possibility of reporting bias
or differential recall by persons in the different
study areas exists. To minimize this possibility,
questions about health problems that should be
unrelated to WTC events were also included in
the questionnaire. The similar rate of problems
such as disability affecting physical activity in
the two areas (14.2 and 13%, respectively) sug-
gested the absence of significant reporting bias
due to residence area. Participants responding
affirmatively about every symptom may have
been affected by recall bias. Ten of the respon-
dents answered in this way; however, minimal
changes were observed when these individuals
were excluded from the analysis. We also
obtained information about unplanned med-
ical visits in the months after the WTC col-
lapse, events that may be more memorable
than symptoms. Unplanned medical visits
for respiratory problems were significantly
increased in the affected area (14.7%) over the
control area (8.4%) [cumulative incidence
ratio (CIR), 1.76; 95% CI, 1.15–2.68)] after
controlling for potential confounders. A sig-
nificantly higher proportion of affected area
residents started using respiratory medication
after 11 September 2001 (17.9%) compared
with controls (6.2%) (CIR, 2.88; 95% CI,
1.75–4.75). We also compared the proportion
of respondents reporting a specific respiratory


symptom and unplanned medical visits in
both areas. We found that the proportions
were similar in the affected and control areas
for most symptoms. If there had been overre-
porting in the affected area, the proportion of
individuals reporting a specific symptom who
also had unplanned medical visits should have
been lower in the affected area than in the
control area.


Despite the active involvement of the
community in the design and implementation
of this study, the response rate in both the
exposed area and control area was low. Several
possible explanations can be suggested for this
low response rate. First, although we used
many means to deliver the questionnaires,
the absence of reliable mail in many of the
exposed areas may have reduced our ability to
reliably distribute the surveys. Moreover,
because of the well-documented emotional
aftermath of the event, many residents may
have been unwilling to answer questions that
may have provoked sensitive emotions even 1
year after the event. In addition, at the time of
the study, residents were also receiving forms
from many other agencies. Both confusion
over which studies were being completed, and
study fatigue may have occurred. Finally, we
were unable to determine a true response rate
because a significant number of residents per-
manently moved out of the exposed area after
11 September 2001. In some buildings, resi-
dents estimated that > 50% of the occupants
had moved from the buildings. We were
unable to obtain a listing of residents in the
area before and after the event, and for this
reason, the denominator for calculating the
household response rate may have been an
overestimate, resulting in an underestimate of
the actual response rate. Furthermore, low
response rates are common for studies per-
formed in New York City; the 2000 Census
recorded only a final response rate in New
York City of 55% despite intense advertising
and door-to-door follow-up (U.S. Census
Bureau 2000).


The potential for selection bias exists in
this self-administered survey, and it is possible
that residents with new-onset respiratory
symptoms may have been more likely to par-
ticipate in this study compared with those
without symptoms. Several procedures were
used during the study in an attempt to mini-
mize this potential problem. The importance
of participation for residents with and with-
out breathing problems was stressed in all
announcements of the study. In addition, a
target population that received intensive out-
reach was studied in both the exposed area
and the control area. This target population,
which had a higher response rate compared
with the study population as a whole, demon-
strated an even greater increase in persistent
symptoms in residents in the exposed area
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compared with the control area, with an
increase in individual symptoms ranging from
14 to 63% in the target population. Had there
been a significant selection bias or an overesti-
mation of the association, analysis of the target
population should have demonstrated a
weaker exposure–disease association compared
with the control population. In contrast,
analysis of symptoms in the target population
demonstrated that increases in new-onset
symptoms were consistently and significantly
higher in the exposed areas compared with the
control area. This finding suggests that if there
were selection bias, it would be in the opposite
direction (i.e., the true association would
be underestimated).


A plume dispersion model is not yet com-
plete by the U.S. Environmental Protection
Agency and thus was not available to us to
allow a detailed exposure assessment. However,
we obtained self-report information on the
condition of the individual households as a
possible surrogate for exposure. Many of the
apartments that were in close proximity to
GZ were severely damaged by the event.
Apartments that surrounded GZ in all direc-
tions were covered in dusts from the initial dis-
persion. The presence of persistent new-onset
respiratory symptoms was significantly associ-
ated with the presence of physical damage of
the apartment, dust on the surfaces, or a long
duration of dust or odors (data not shown). In
addition, residents who were south of Canal
Street in lower Manhattan on 11 September
2001 (i.e., in close proximity to the WTC)
were at higher risk of developing persistent
new-onset respiratory symptoms compared
with residents who were not in the area on the
day of the event.


The possibility of exposure misclassifica-
tion may also exist. To minimize this bias, we
excluded individuals who had moved out of
their residence for a prolonged period of time
or who may have had exposure that was unre-
lated to their area of residence. Some residents
may have altered their behavior and spent
less time at home in the aftermath of
11 September 2001; however, we would not
be able to identify these residents. In addi-
tion, because of wind, it is also possible that
the WTC dust plume also affected residents
in the control area.


Conclusion
These data suggest that residents living in the
community surrounding the former WTC
experienced a higher rate of adverse respiratory
health effects 1 year after the event compared
with a control population. Respiratory symp-
toms consisted of cough, dyspnea, and wheeze.
Although most of these symptoms resolved by
approximately 12 months after the event, a sig-
nificant number of residents continued to have
persistent new-onset respiratory symptoms.
Abnormalities in screening spirometry failed to
explain the symptoms in these participants,
and additional tests, including tests for
bronchial hyperresponsiveness, may be helpful
to further characterize these symptoms.
Biologic plausibility for these complaints is pro-
vided by chemical analysis of the settled dusts
and animal studies. Long-term health effects
remain unknown and warrant further investiga-
tion and follow-up of exposed residents.
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THE SEPTEMBER 11, 2001, TERROR-
ist attack on the World Trade
Center (WTC) killed thou-
sands and exposed hundreds of


thousands to horrific events and poten-
tially harmful environmental condi-
tions resulting from the collapsing tow-
ers and fires.1-3 Studies have documented
adverse respiratory and mental health
conditions associated with direct expo-
sure within 1 to 3 years following the
event,4-12 butmosthave focusedonhealth
effects in subgroups with common ex-
posures, such as firefighters,5,10,13 rescue/
recovery workers,6,9,11,14-17 or residents of
lower Manhattan.8,12,18-21 However, the
longer-term impact on health is un-
clear, and the capacity to compare pat-
terns of association across affected sub-
groups has been limited. Few studies
have followed the health of rescue work-
ers for more than 3 years after Septem-
ber 11,16,22,23 and only 1 study of New


York City residents reported the longi-
tudinal course of probable posttrau-
matic stress disorder (PTSD) 3 years af-
ter the event.24


The World Trade Center Health Reg-
istry, the largest postdisaster expo-
sure registry in US history, prospec-
tively follows a cohort that reported
a range of WTC disaster–associated
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Context The World Trade Center Health Registry provides a unique opportunity to
examine long-term health effects of a large-scale disaster.


Objective To examine risk factors for new asthma diagnoses and event-related post-
traumatic stress (PTS) symptoms among exposed adults 5 to 6 years following expo-
sure to the September 11, 2001, World Trade Center (WTC) terrorist attack.


Design, Setting, and Participants Longitudinal cohort study with wave 1 (W1)
enrollment of 71 437 adults in 2003-2004, including rescue/recovery worker, lower
Manhattan resident, lower Manhattan office worker, and passersby eligibility groups;
46 322 adults (68%) completed the wave 2 (W2) survey in 2006-2007.


Main Outcome Measures Self-reported diagnosed asthma following September
11; event-related current PTS symptoms indicative of probable posttraumatic stress
disorder (PTSD), assessed using the PTSD Checklist (cutoff score �44).


Results Of W2 participants with no stated asthma history, 10.2% (95% confidence
interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud
exposure on September 11 was a major contributor to new asthma diagnoses for all
eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/
recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest
among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI,
19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacu-
ating homes, and experiencing a heavy layer of dust in home or office. Of participants
with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either
W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symp-
toms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and
9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the
highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of
spouse or job was associated with PTS symptoms at W2.


Conclusion Acute and prolonged exposures were both associated with a large bur-
den of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.
JAMA. 2009;302(5):502-516 www.jama.com
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exposures on September 11 and dur-
ing its immediate aftermath. This study
describes the cumulative burden of 2
of the most commonly reported health
outcomes: asthma and posttraumatic
stress (PTS) symptoms indicative of
probable PTSD among adult enrollees
5 to 6 years after September 11. We also
characterize disease severity, quality of
life, and health care utilization and ex-
amine associations between Septem-
ber 11 exposures and outcomes.


METHODS
Study Population


The World Trade Center Health Reg-
istry, as described elsewhere,7,25 was es-
tablished to prospectively monitor the
physical and mental health of persons
with a high probability of direct expo-
sure to the September 11 terrorist attack
and its aftermath, including rescue/
recovery workers, persons with a pri-
mary residence in lower Manhattan on
September 11, and office workers and
passersby present in lower Manhattan
on the morning of September 11. The
Centers for Disease Control and Pre-
vention and New York City Health De-
partment institutional review boards ap-
proved the registry protocols. A Federal
Certificate of Confidentiality was ob-
tained, as was oral informed consent.


Eligibility groups were categorized in
a mutually exclusive, hierarchical or-
der, with rescue/recovery workers first,
followed by lower Manhattan resi-
dents, lower Manhattan office work-
ers, and passersby on September 11. For
example, a resident who was also a res-
cue/recovery worker was classified as
a rescue/recovery worker only. Staff or
student participants 18 years or older
at wave 1 (W1) who were not also res-
cue/recovery workers or residents and
who were not present south of Cham-
bers Street on September 11 were ex-
cluded from specific eligibility group
analyses (n=85 in wave 2 [W2]).


The number of persons eligible for
the registry was estimated to be ap-
proximately 409 000, of whom 71 437
(17.4%) enrolled.25 Outreach and mul-
tilingual media campaigns encour-
aged enrollment through a toll-free


number or Web site (classified as
“self-identified”).26 Lists of persons po-
tentially exposed were provided by en-
tities such as employers and govern-
menta l agenc ies (c lass i f i ed as
“list-identified”).7 Final enrollment
was 70% self-identified and 30%
list-identified.


Wave 1 interviews were conducted
September 2003 through November
2004; 95% were conducted using com-
puter-assisted telephone interviews
(CATIs), and the remainder used com-
puter-assisted in-person interviews.
Wave 1 included demographics, event-
related exposures, and pre-event and
postevent physical and mental health.
The methods and findings of W1 have
been previously published.4,7,9,11,12,25,27


The potential impact of self-
selection bias in W1 registry enroll-
ment has been described in other re-
ports. Wave 1 studies examining either
asthma or probable PTSD included sub-
analyses of list-identified participants
to measure self-selection influ-
ences.9,11,12 In each, health effects were
higher among self- vs list-identified par-
ticipants. These conditions among list-
identified participants remained el-
evated compared with available
background levels, and in most cases
the observed associations between Sep-
tember 11 exposures and health con-
ditions remained significant. List-
identified participants may still reflect
some selection bias, but in one prior
study among lower Manhattan resi-
dents, the most well-defined and geo-
graphically bounded of eligibility
groups, a sensitivity analysis using rak-
ing ratio estimation and Census demo-
graphics found that estimated prob-
able PTS symptoms did not decrease
significantly after accounting for un-
derrepresented resident groups.12


Data Collection


The W2 survey was developed to as-
sess the health status of enrollees 5 to
6 years after the WTC attack. Enroll-
ees 18 years or older (n=68 032) at the
time of the W2 survey launch were in-
cluded; those excluded were deceased
enrollees (n=406), withdrawals (n=6),


and those with unknown age (n=358)
(FIGURE 1). Wave 2 was conducted
from November 2006 through Decem-
ber 2007, using 2 initial data collec-
tion modes: an Internet-based survey
and a mail survey. Enrollees with valid
e-mail addresses (63%) received an elec-
tronic invitation to access the online
survey, which was only available in En-
glish. Paper questionnaires were mailed
to the remaining enrollees based on en-
rollees’ W1 interview language. A re-
minder postcard and e-mail invitation
were mailed 3 weeks after W2 launch.
Six subsequent e-mails and 3 postcard
reminders were sent. Two additional
rounds of paper questionnaires were
mailed to nonrespondents.


In the last 3 months of data collec-
tion, nonparticipants (Figure 1) were
recontacted for CATI participation. At
least 1 attempt was made to call non-
respondents with valid numbers, and
as many as 30 call attempts were made
to underrepresented enrollee groups
(list-identified, those with household
income less than $35 000, young adults,
sanitation workers, Spanish and Chi-
nese speakers, and lower Manhattan
residents).


Figure 1. Sampling Stages of the World
Trade Center Health Registry


46 322 Participated in wave 2
21 350 Completed mail survey
19 349 Completed online survey


5623 Completed computer-assisted
telephone interview


68 032 Wave 1 enrollees eligible to
participate in wave 2


68 444 Adult wave 1 enrollees


71 437 Wave 1 registry enrollees


21 710 Did not participatea


412 Excluded
406 Died


6 Withdrew


2993 Excluded
2635 Younger than 18 y
358 Age unknown


aDuring the wave 2 survey period (September 2006
launch through December 31, 2007, completion), there
were an additional 207 deaths reported and an ad-
ditional 58 withdrawals among these 21 710
participants.
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Study Variables
Wave 2 assessed current physical and
mental health status, clarified re-
ported W1 exposures, and measured
health care utilization and quality of life.
The primary respiratory outcome was
a self-reported first lifetime diagnosis
of asthma or reactive airways dysfunc-
tion syndrome after September 11, col-
lectively referred to as “asthma.”28 Par-
ticipants reported whether they were
ever diagnosed by a physician as hav-
ing asthma or reactive airways dysfunc-
tion syndrome, the year of diagnosis,
and, if in 2001, whether diagnosis oc-
curred before or after September 11.
Postevent asthma was further catego-
rized as early, late, or unknown date of
diagnosis. “Early” was defined as an
asthma diagnosis between September
11, 2001, and the end of 2003, corre-
sponding to the approximate time frame
of W1 initiation; “late” was defined as
a diagnosis between January 2004 and
December 2007. Participants report-
ing a new asthma diagnosis after Sep-
tember 11 but not reporting the year
were categorized as postevent, date un-
known. Asthma diagnoses established
before September 11 were categorized
as pre-event asthma. Treatment and se-
verity of asthma were assessed with
questions regarding use of an inhaler
for asthma control, asthma attack, or
asthma-related emergency depart-
ment visit in the previous 12 months.
Respiratory symptoms assessed in W1
included new or worsening wheezing,
shortness of breath, and persistent
cough after September 11. Wave 2 as-
sessed whether participants experi-
enced these same symptoms in the 30
days prior to survey.


The primary mental health out-
come was current event-related PTS
symptoms indicative of probable PTSD.
This was assessed with the stressor-
specific PTSD Checklist (PCL),29 a 17-
item self-report instrument based on Di-
agnostic and Statistical Manual of Mental
Disorders (Fourth Edition) criteria30 and
linked to a specific traumatic expo-
sure (ie, “the events of September 11”).
Respondents scored each symptom ex-
perienced during the past 30 days on a


5-point scale; a score of 44 or greater
was indicative of probable PTSD. Psy-
chometric properties of the PCL used
in this manner have been reported by
others in a variety of settings and trau-
mas, with sensitivity ranging from 0.94
to 0.97, specificity from 0.86 to 0.99,
positive predictive value from 0.70 to
0.97, and diagnostic efficiency from
0.83 to 0.96.29,31-33


Participants also reported whether
they had been diagnosed with PTSD
or depression by a health professional
before or after September 11 and
whether they had received counseling
or used prescription medication for
mental health in the past 12 months.
For both physical and mental health,
quality of life was measured by self-
report of health not being good for 14
or more of the past 30 days and
whether poor health prevented usual
activities for 14 or more of the past 30
days.34


Disaster-related exposures were de-
fined by common experiences and by ex-
posures unique to subgroups.7 Dust
cloud exposure on September 11 has
been associated with adverse physical as
well as mental health outcomes.4,7,9,11,12,21


This exposure was stratified into “some”
vs “intense” exposure. Intense dust
cloud exposure was defined as answer-
ing “yes” to being caught in the dust or
debris cloud on September 11 in W1 and
answering “yes” to any of the 5 addi-
tional W2 questions (could not see a
couple of feet in front of me; had trouble
walking or finding my way because the
dust was so thick; had to find shelter
such as under a car or in a doorway; was
covered from head to toe with dust or
debris; could not hear anything).7


“Some” dust cloud exposure was de-
fined as answering “yes” to being caught
in the dust or debris cloud on Septem-
ber 11 and reporting a geocodable lo-
cation in lower Manhattan, as previ-
ously described.7


Postevent exposure varied by eligi-
bility group. For rescue/recovery work-
ers, additional variables included num-
ber of days worked at the WTC site
between the attack and when recovery
operations ceased on June 30, 2002.


Start date for WTC work was catego-
rized according to pile work on Sep-
tember 11, another WTC site on Sep-
tember 11, and a WTC site between
September 12 and September 17, 2001,
or between September 18, 2001, and
June 2002. For residents, measures in-
cluded whether they evacuated from
home and the extent of home damage
(none, damage without heavy layer of
dust, or a heavy layer of dust with or
without damage). For office workers,
extent of damage to the office was mea-
sured analogously. Exposure vari-
ables examined for association with
asthma were limited to disaster-
related respiratory exposures.


For PTS symptoms, potential peri-
event risk factors included personally
witnessing horror on September 11 (eg,
individuals jumping or falling from
buildings), being injured on Septem-
ber 11, and evacuation of or damage to
home or office. Postevent risk factors
included knowing someone killed in the
September 11 attack, little or no social
support, and job loss.


Covariates included sociodemo-
graphic characteristics, W1 smoking
status, W1 source (self- vs list-
identified), and W2 survey mode (pa-
per, Web, or telephone).


Data Analysis


Enrollees 18 years or older at W1 and
who completed W2 were included in
the current analyses. SAS version 9.1
(SAS Institute Inc, Cary, North Caro-
lina) was used to compare W2 partici-
pants and nonparticipants by demo-
graphics, eligibility group, exposures,
and W1 health outcome responses,
using �2 tests. For all analyses, P val-
ues involved hypothesis tests against a
2-sided alternative and were consid-
ered significant when P� .05. Given the
large number of statistical tests, some
significant findings could arise by
chance. We attempted to limit this by
focusing testing on epidemiologically
plausible associations suggested by pre-
vious reports and examining for dose-
related associations.


To measure incidence of postevent
asthma diagnoses, persons who re-
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ported pre-event asthma diagnoses were
excluded. For persons with available
year of diagnosis at W2, the annual-
ized rate of new asthma diagnoses be-
tween 2001 and 2006 was calculated.
For 2001, the number of cases diag-
nosed between September 11 and De-
cember 31, 2001, was multiplied by
3.25 to calculate the annualized rate for
that year. To measure PTS symptoms,
persons with a pre-event diagnosis of
PTSD were excluded. Symptom course
was characterized by combining re-
sults from the 2 time points: no symp-
toms indicative of probable PTSD (PCL
score �44 at both W1 and W2), re-
solved symptoms (�44 at W1 only),
late-onset symptoms (�44 at W2 only),
and chronic symptoms (�44 at both
W1 and W2).29


Multivariable logistic regression was
used to ascertain the independent as-
sociation between exposures of inter-
est and the 2 main health outcomes
(postevent asthma and PTS symptoms
at W2). Because of potential biases as-
sociated with self- vs list-identifica-
tion in W1 and survey mode in W2,
these variables were included in all
models. Demographic covariates were
included in the multivariable models.


Using previously published meth-
ods,7 a range of the burden of postevent
asthma and PTS symptoms was de-
rived for the 409 000 persons esti-
mated to be eligible for the registry.25


Disease rates for self- and list-
identified enrollees from W2 were mul-
tiplied by the respective estimated
population exposed. To address poten-
tial selection bias attributable to the
higher prevalence of disease among self-
vs list-identified persons, the mid-
point estimate was based on disease
rates among list-identified enrollees
only. An upper bound estimate was cal-
culated using rates among self-
identified enrollees, and a lower bound
estimate was calculated assuming that,
even among those list-identified, those
who were sick were 50% more likely to
enroll than others. Calculations were
performed by eligibility group, and the
results were summed. Estimates were
rounded to the nearest hundred.


RESULTS
Response Rates
A total of 46 322 participants 18 years
or older at W1 participated in W2 and
were included in this analysis (68.1%
response rate). Mail surveys ac-
counted for 46.1% of completed ques-
tionnaires, followed by Web surveys
(41.8%) and CATIs (12.1%). At the
time of CATI initiation, the response
rate to mail and Web surveys was 59%.
The CATI-specific response rate among
mail/Web nonresponders was 21%.


Online eTable 1 (available at http:
//www.jama.com) compares W1 char-
acteristics of participants and nonpar-
ticipants. Response rates were higher
among self-identified participants, En-
glish speakers, men, persons aged 45
through 64 years, non-Hispanic whites,
those with higher household income,
and former smokers. Responses were
highest for rescue/recovery workers
(71.0%) and lowest for residents
(60.2%). Response rates did not vary by
type of exposure. Wave 2 participants
had a slightly higher incidence of newly
diagnosed asthma at W1 than W2 non-
respondents (3.0% [95% confidence in-
terval {CI}, 2.8%-3.1%] vs 2.7% [95%
CI, 2.4%-2.9%], P = .02) and a sig-
nificantly lower prevalence of PTS
symptoms at W1 (14.4% [95% CI,
14.1%-14.7%] vs 18.2% [95% CI,
17.7%-18.7%], P� .001).


Asthma


The reported cumulative lifetime preva-
lence of asthma prior to September 11
was 11.1% (95% CI, 10.8%-11.3%)
(TABLE 1) and varied by demographic
group, with the highest rates among
women, those of youngest age, and His-
panics. Overall postevent incidence
among those without a prior history of
asthma was 10.2% (95% CI, 9.9%-
10.5%). Incidence varied significantly
across eligibility groups. Rescue/
recovery workers had higher postevent
asthma diagnosis rates than the next
highest group, passersby on Septem-
ber 11 (12.2% [95% CI, 11.8%-
12.7%] vs 8.6% [95% CI, 7.3%-9.8%]).


For all eligibility groups combined,
intense dust cloud exposure was asso-


ciated with postevent diagnoses of
asthma (13.5% [95% CI, 12.9%-
14.1%] vs 8.4% [95% CI, 8.0%-8.8%]
for no dust cloud exposure) (Table 1).
Thirty-nine percent (n=1604/4098) of
all respondents reporting postevent di-
agnoses of asthma also reported in-
tense dust cloud exposure.


At the time of W2, respondents with
asthma diagnosed after September 11
were more symptomatic, required more
treatment, and reported a lower qual-
ity of life than those with asthma diag-
nosed before September 11 (TABLE 2).


Among respondents reporting
asthma diagnosed after September 11,
symptom or severity differences were
examined for those diagnosed early
(2001-2003) and late (2004-2006) and
for those whom year of diagnosis could
not be determined. Across all 3 groups,
there were notable differences in preva-
lence of symptoms at W1 in 2003.
Adults with early diagnosed asthma had
the highest prevalence of respiratory
symptoms at W1 (wheezing, 89.7%
[95% CI, 88.1%-91.3%]; shortness of
breath, 91.2% [95% CI, 89.7%-
92.7%]; and persistent cough, 78.7%
[95% CI, 76.5%-80.8%]). Adults for
whom year of asthma diagnosis could
not be determined had a prevalence of
respiratory symptoms nearly compa-
rable to the early diagnosis group at W1
(wheezing, 79.5% [95% CI, 77.5%-
81.5%]; shortness of breath, 80.6%
[95% CI, 78.6%-82.5%]; and persis-
tent cough, 67.1% [95% CI, 64.8%-
69.4%]). Adults with late asthma diag-
nosis had a prevalence less than the
early diagnosis group but generally
higher than the pre-event diagnosis
group (wheezing, 56.9% [95% CI,
54.0%-59.9%]; shortness of breath,
59.8% [95% CI, 56.9%-62.7%]; and per-
sistent cough, 53.2% [95% CI,
50.3%-56.2%]).


FIGURE 2 shows the annualized in-
cidence of postevent asthma diag-
noses by year for adults with reliable
dates (2483/4098 [60.6%]). Diagnosis
rates were especially high during the fi-
nal months of 2001, with rapid taper-
ing and stabilization of new asthma di-
agnoses by 2003.
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Table 1. Asthma Diagnosed Before September 11 and Incident Diagnoses of Asthma Since September 11, 2001, by WTCHR Wave 1
Characteristics and Event-Related Exposures


Wave 1 Characteristic
Adult Participants,


Wave 2 Survey, No.a


Pre–September 11
Asthma, No.
(% [95% CI])


Participants Asthma-Free
Prior to Event, No.


Newly Diagnosed Asthma
Since Event, No.


(% [95% CI])


Total adults 46 322 5123 (11.1 [10.8-11.3]) 40 224 4098 (10.2 [9.9-10.5])


Source of interview
Self-identified 34 124 3940 (11.5 [11.2-11.9]) 29 425 3381 (11.5 [11.1-11.9])


List-identified 12 198 1183 (9.7 [9.1-10.2]) 10 799 717 (6.6 [6.2-7.1])


Sexa


Male 28 339 2600 (9.2 [8.8-9.5]) 25 195 2419 (9.6 [9.2-10.0])


Female 17 982 2523 (14.0 [13.5-14.5]) 15 028 1679 (11.2 [10.7-11.7])


Age at wave 1 interview, y
18-24 1427 224 (15.7 [13.8-17.6]) 1168 95 (8.1 [6.6-9.7])


25-44 22 001 2541 (11.5 [11.1-12.0]) 19 001 1987 (10.5 [10.0-10.9])


45-64 20 691 2176 (10.5 [10.1-10.9]) 18 089 1895 (10.5 [10.0-10.9])


�65 2203 182 (8.3 [7.1-9.4]) 1966 121 (6.2 [5.1-7.2])


Race/ethnicity
Non-Hispanic white 32 193 3312 (10.3 [10.0-10.6]) 28 296 2683 (9.5 [9.1-9.8])


Non-Hispanic black 4725 578 (12.3 [11.3-13.2]) 4042 418 (10.3 [9.4-11.3])


Hispanic 5287 795 (15.0 [14.1-16.0]) 4351 644 (14.8 [13.7-15.9])


Asian 2578 239 (9.3 [8.2-10.4]) 2265 209 (9.2 [8.0-10.4])


Other 1539 199 (12.9 [11.3-14.6]) 1270 144 (11.3 [9.6-13.1])


Total household income at wave 1, $
�25 000 3766 454 (12.1 [11.0-13.1]) 3179 404 (12.7 [11.6-13.9])


25 000-�50 000 8236 984 (11.9 [11.2-12.6]) 7073 776 (11.0 [10.2-11.7])


50 000-�75 000 9104 972 (10.7 [10.0-11.3]) 7956 862 (10.8 [10.2-11.5])


75 000-�150 000 15 465 1591 (10.3 [9.8-10.8]) 13 596 1379 (10.1 [9.6-10.7])


�150 000 5241 621 (11.8 [11.0-12.7]) 4531 337 (7.4 [6.7-8.2])


Missing 4510 501 (11.1 [10.2-12.0]) 3889 340 (8.7 [7.9-9.6])


Smoking status at interviewa


Never 26 087 2897 (11.1 [10.7-11.5]) 22 643 2330 (10.3 [9.9-10.7])


Former 13 149 1467 (11.2 [10.6-11.7]) 11 435 1158 (10.1 [9.6-10.7])


Current 6822 723 (10.6 [9.9-11.3]) 5956 595 (10.0 [9.2-10.8])


Eligibility groups
Rescue/recovery workers


and volunteers
21 605 2009 (9.3 [8.9-9.7]) 19 161 2347 (12.2 [11.8-12.7])


Lower Manhattan residents 6590 823 (12.5 [11.7-13.3]) 5594 445 (8.0 [7.2-8.7])


Lower Manhattan office workers 15 759 1960 (12.4 [11.9-13.0]) 13 489 1137 (8.4 [8.0-8.9])


Passersby on September 11 2283 315 (13.8 [12.4-15.2]) 1913 164 (8.6 [7.3-9.8])


Dust cloud exposurea


None 24 350 2628 (10.8 [10.4-11.2]) 21 256 1787 (8.4 [8.0-8.8])


Some 6421 731 (11.4 [10.6-12.2]) 5542 496 (9.0 [8.2-9.7])


Intense 13 770 1572 (11.4 [10.9-11.9]) 11 887 1604 (13.5 [12.9-14.1])


Rescue/recovery workers and volunteers
No. of days worked at WTC site


1-7 6949 801 (11.5 [10.8-12.3]) 5997 548 (9.1 [8.4-9.9])


8-30 5977 493 (8.2 [7.6-8.9]) 5374 646 (12.0 [11.2-12.9])


31-90 3436 268 (7.8 [6.9-8.7]) 3104 466 (15.0 [13.8-16.3])


�90 3426 267 (7.8 [6.9-8.7]) 3088 533 (17.3 [15.9-18.6])


Time of arrival for rescue/recovery workers
September 11, on pile 3179 175 (5.5 [4.7-6.3]) 2931 600 (20.5 [19.0-22.0])


September 11, other WTC site
location


2912 302 (10.4 [9.3-11.5]) 2556 330 (12.9 [11.6-14.2])


September 12-17, any WTC site 8551 808 (9.4 [8.8-10.1]) 7576 941 (12.4 [11.7-13.2])


September 18, 2001, to June 2002,
any WTC site


6141 635 (10.3 [9.6-11.1]) 5381 422 (7.8 [7.1-8.6])


(continued)
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Using multivariable analyses, the in-
dependent effects of different expo-
sure factors were examined, adjusting
for demographics, W1 recruitment
source, and W2 mode of response
(TABLE 3, TABLE 4, and TABLE 5; full
models in online eTables 2 and 3).
These analyses confirm that intense
dust cloud exposure was associated
with new asthma diagnoses for each eli-
gibility group, including the 1913 pass-
ersby who only had exposure to the area
air and dust on September 11 (10.3%
with intense dust cloud exposure vs
7.0% with no exposure; adjusted OR
[OR], 1.4 [95% CI, 1.0-2.0]). Most
other risk factors identified in bivari-
ate analyses persisted across eligibility
groups after controlling for dust cloud
exposure. Among rescue/recovery
workers, risk for asthma was highest
among those who worked on the pile
on September 11 (20.5% vs 7.8%; ad-
justed OR, 2.2 [95% CI, 1.9-2.6]), with
risk diminishing with later start dates.
Independent of date of arrival at the
WTC site, risk of asthma increased with
length of time worked (17.3% vs 9.1%;
adjusted OR for �90 days, 1.9 [95% CI,
1.6-2.1]). Asthma risk also was inde-
pendently associated with some dam-
age to home or office, and risk was high-
est if there was a heavy coating of dust
at home (10.3% vs 7.3% with no home
damage; adjusted OR, 1.5 [95% CI, 1.1-


1.9]) or at the office (12.7% vs 7.8%
with no office damage; adjusted OR, 1.5
[95% CI, 1.3-1.8]). Among residents,
those who did not evacuate reported
higher rates of asthma than those who
did (9.4% vs 7.2%; adjusted OR, 1.4
[95% CI, 1.1-1.7]).


Analyses using only those cases for
which diagnosis year was provided
showed that the association with in-
tense dust cloud exposure for all groups
combined diminished over time from
an adjusted OR of 1.6 (95% CI, 1.4-
1.8) to 1.2 but remained significant
(95% CI, 1.1-1.4) (eTable 4). The cu-
mulative incidence of late-diagnosed
asthma in all persons without any res-
piratory symptoms at W1 was 1.3%
(95% CI, 1.2%-1.5% [n=236/17 784]),
compared with 4.7% (95% CI, 4.4%-
5.0% [n=864/18 342]) in those with at
least 1 W1 symptom.


Among respondents who reported
postevent asthma, those who also re-
ported intense dust cloud exposure were
more likely to have respiratory symp-
toms, need treatment, and have a lower
quality of life than those who reported
some or no dust cloud exposure (wheez-
ing in the past 30 days: 69.2% [95% CI,
66.9%-71.5%] [n=1077/1557] vs 58.5%
[95% CI, 56.5%-60.6%] [n = 1291/
2206]; having �2 emergency depart-
ment visits for asthma in the past year:
14.4% [95% CI, 12.7%-16.1%] [n=231/


1604] vs 9.3% [95% CI, 8.1%-10.5%]
[n=213/2283]; and �14 days of poor
physical health in the past month: 49.2%
[95% CI, 46.3%-52.2%] [n=542/1101]
vs 40.7% [95% CI, 38.1%-43.3%]
[n=549/1349]).


PTS Symptoms


Of the 43 032 adults without a diagno-
sis of PTSD before September 11, 23.8%
(95% CI, 23.4%-24.2%) screened posi-
tive for PTS symptoms indicative of
probable PTSD at either W1 (14.3%
[95% CI, 13.9%-14.6%]) or W2 (19.1%
[95% CI, 18.7%-19.5%]) (TABLE 6).
The prevalence of PTS symptoms in-
creased from W1 to W2 in every eligi-
bility group, with the greatest increase
occurring among rescue/recovery work-
ers (12.1% [95% CI, 11.7%-12.6%] at
W1 vs 19.5% [95% CI, 18.9%-20.0%]
at W2). Still, at W2, passersby had the
highest levels of symptoms (23.2%
[95% CI, 21.4%-25.0%]), while resi-
dents had the lowest (16.3% [95% CI,
15.4%-17.2%]).


TABLE 7 displays the distribution of
participant characteristics by PTS symp-
tom course (chronic, late-onset, re-
solved, no symptoms indicative of prob-
able PTSD). Among participants with
PTS measured at W1 and W2, 9.6%
(95% CI, 9.3%-9.8%) had chronic
symptoms, 9.5% (95% CI, 9.3%-
9.8%) had late-onset symptoms, and


Table 1. Asthma Diagnosed Before September 11 and Incident Diagnoses of Asthma Since September 11, 2001, by WTCHR Wave 1
Characteristics and Event-Related Exposures (continued)


Wave 1 Characteristic
Adult Participants,


Wave 2 Survey, No.a


Pre–September 11
Asthma, No.
(% [95% CI])


Participants Asthma-Free
Prior to Event, No.


Newly Diagnosed Asthma
Since Event, No.


(% [95% CI])


Lower Manhattan residents
Evacuation of home


Did not evacuate 2302 275 (11.9 [10.6-13.3]) 1941 183 (9.4 [8.1-10.7])


Evacuated 4281 548 (12.8 [11.8-13.8]) 3646 261 (7.2 [6.3-8.0])


Damage to home
None 4744 582 (12.3 [11.3-13.2]) 4030 293 (7.3 [6.5-8.0])


Damage without heavy layer of dust 795 104 (13.0 [10.7-15.4]) 675 61 (9.0 [6.9-11.2])


Heavy layer of dust with or without
damage


1043 135 (12.9 [10.9-15.0]) 883 91 (10.3 [8.3-12.3])


Lower Manhattan office workers
No office damage 11 850 1475 (12.4 [11.9-13.0]) 10 165 790 (7.8 [7.3-8.3])


Damage without heavy layer of dust 2289 274 (12.0 [10.6-13.3]) 1962 175 (8.9 [7.7-10.2])


Heavy layer of dust with or without
damage


1602 206 (12.9 [11.2-14.5]) 1349 171 (12.7 [10.9-14.5])


Abbreviations: CI, confidence interval; WTCHR, World Trade Center Health Registry.
aDoes not sum to total because of missing values (1 [sex], 264 [smoking status], 1781 [dust cloud exposure]).
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4.7% (95% CI, 4.5%-4.9%) had symp-
toms that had resolved. Participants
with chronic symptoms had signifi-
cantly higher mean PCL scores at W1
than those whose symptoms later re-
solved (56.5 vs 50.9, t=26.6, P� .001).
Also, participants with late-onset PTS
symptoms reported significantly higher
mean PCL scores at W1 than those who
never screened positive (32.9 vs 24.8,
t=72.8, P� .001). At W2, participants
with chronic symptoms had signifi-
cantly higher scores than those with
late-onset symptoms (59.5 vs 52.9,
t=32.8, P � .001), and those whose


symptoms resolved continued to have
higher scores than those who never
screened positive (33.6 vs 25.4, t=50.3,
P� .001).


Across eligibility groups, passersby
had the highest prevalence of chronic
PTS symptoms (13.2% [95% CI, 11.8%-
14.7%]), and office workers had the
highest prevalence of resolved symp-
toms (6.1% [95% CI, 5.7%-6.5%]). Res-
cue/recovery workers had the highest
prevalence of late-onset symptoms
(10.8% [95% CI, 10.4%-11.2%]).


With regard to mental health diag-
noses, 13.6% (95% CI, 13.2%-13.9%)


of all participants previously free of
PTSD reported receiving a PTSD diag-
nosis from a mental health profes-
sional since September 11, 14.0%
(95% CI, 13.6%-14.3%) reported
receiving a depression diagnosis, and
7.4% (95% CI, 7.2%-7.7%) reported
receiving both. A much higher pro-
portion of those with chronic PTS
symptoms reported that they had
received a professional diagnosis for
PTSD (46.1% [95% CI, 44.6%-
47.6%]) than those with late-onset
symptoms (28.6% [95% CI, 27.2%-
30.0%]) or resolved symptoms


Table 2. Symptoms, Severity, Treatment History, and Quality of Life Among WTCHR Registrants With Asthma, by Time of Diagnosis


Characteristic


No. (% [95% CI])


New Asthma Diagnosis Since September 11


Pre-Event
Asthma


Diagnosis No AsthmaaTotal
Early Diagnosis


(2001-2003)
Late Diagnosis


(2004-2006)


Undetermined
Date of


Diagnosis


Total adults, No. 4098 1382 1101 1615 5123 36 126


New-onset respiratory symptoms since wave 1
Wheezing 3151


(76.9 [75.6-78.2])
1240


(89.7 [88.1-91.3])
627


(56.9 [54.0-59.9])
1284


(79.5 [77.5-81.5])
2787


(54.4 [53.0-55.8])
11 099


(30.7 [30.2-31.2])


Shortness of breath 3219
(78.6 [77.3-79.8])


1260
(91.2 [89.7-92.7])


658
(59.8 [56.9-62.7])


1301
(80.6 [78.6-82.5])


2734
(53.4 [52.0-54.7])


12 672
(35.1 [34.6-35.6])


Persistent cough 2757
(67.3 [65.8-68.7])


1087
(78.7 [76.5-80.8])


586
(53.2 [50.3-56.2])


1084
(67.1 [64.8-69.4])


1983
(38.7 [37.4-40.0])


11 835
(32.8 [32.3-33.2])


None 421
(10.3 [9.3-11.2])


36
(2.6 [1.8-3.4])


237
(21.5 [19.1-24.0])


148
(9.2 [7.8-10.6])


1740
(34.0 [32.7-35.3])


17 784
(49.2 [48.7-49.7])


Respiratory symptoms in last 30 d (wave 2)
Wheezing 2513


(61.3 [59.8-62.8])
879


(63.6 [61.1-66.1])
650


(59.0 [56.1-61.9])
984


(60.9 [58.5-63.3])
2221


(43.4 [42.0-44.7])
5170


(14.3 [13.9-14.7])


Shortness of breath 2943
(71.8 [70.4-73.2])


1034
(74.8 [72.5-77.1])


771
(70.0 [67.3-72.7])


1138
(70.5 [68.2-72.7])


2530
(49.4 [48.0-50.8])


8727
(24.2 [23.7-24.6])


Persistent cough 2057
(50.2 [48.7-51.7])


748
(54.1 [51.5-56.8])


544
(49.4 [46.5-52.4])


765
(47.4 [44.9-49.8])


1407
(27.5 [26.2-28.7])


7955
(22.0 [21.6-22.4])


None 688
(16.8 [15.6-17.9])


205
(14.8 [13.0-16.7])


181
(16.4 [14.3-18.6])


302
(18.7 [16.8-20.6])


1988
(38.8 [37.5-40.1])


22 597
(62.6 [62.1-63.0])


Severity and treatment (wave 2)
Had asthma attack


in last 12 mo
2406


(58.7 [57.2-60.2])
850


(61.5 [58.9-64.1])
661


(60.0 [57.1-62.9])
895


(55.4 [53.0-57.8])
2282


(44.5 [43.2-45.9])
NA


Used an inhaler
for asthma
in last 12 mo


2659
(64.9 [63.4-66.3])


908
(65.7 [63.2-68.2])


760
(69.0 [66.3-71.8])


991
(61.4 [59.0-63.7])


2604
(50.8 [49.5-52.2])


NA


Visited ED 2
or more times
in last 12 mo


494
(12.1 [11.1-13.1])


181
(13.1 [11.3-14.9])


113
(10.3 [8.5-12.1])


200
(12.4 [10.8-14.0])


411
(8.0 [7.3-8.8])


NA


Quality of life (wave 2)
Physical health


not good �14 d
1170


(28.6 [27.2-29.9])
442


(32.0 [29.5-34.4])
293


(26.6 [24.0-29.2])
435


(26.9 [24.8-29.1])
787


(15.4 [14.4-16.3])
3897


(10.8 [10.5-11.1])


Poor health
prevented
activities �14 d


1019
(24.9 [23.5-26.2])


403
(29.2 [26.8-31.6])


239
(21.7 [19.3-24.1])


377
(23.3 [21.3-25.4])


664
(13.0 [12.0-13.9])


3282
(9.1 [8.8-9.4])


Both 730
(17.8 [16.6-19.0])


295
(21.3 [19.2-23.5])


174
(15.8 [13.6-18.0])


261
(16.2 [14.4-18.0])


400
(7.8 [7.1-8.5])


1904
(5.3 [5.0-5.5])


Abbreviations: CI, confidence interval; ED, emergency department; NA, not applicable.
aNine hundred seventy-five persons had missing information on asthma status.
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(22.2% [95% CI, 20.4%-24.0%]), and
one-third of individuals with chronic
symptoms reported dual diagnoses of
PTSD and depression. Twenty-one
percent of participants (95% CI,
20.5%-21.3%) reported seeing a men-
tal health professional in the past 12
months, and 14.2% (95% CI, 13.9%-
14.5%) reported taking prescription
medication for a mental health condi-
tion. Participants with chronic PTS
symptoms were more likely to report
receiving any form of mental health
care in the last 12 months than those
with late-onset PTS symptoms (53.4%
[95% CI, 51.9%-54.9%] vs 41.9%
[95% CI, 40.4%-43.4%]).


Of the W2 participants, 18.3% (95%
CI, 17.9%-18.7%) reported poor men-
tal health on at least 14 of 30 days prior
to W2, and 10.5% (95% CI, 10.3%-
10.8%) reported limited activity ow-
ing to poor health. Quality of life was
worst for participants with chronic and
late-onset PTS symptoms: 60.9% (95%
CI, 59.4%-62.4%) with chronic symp-
toms and 48.3% (95% CI, 46.8%-
49.8%) with late-onset symptoms re-
ported 14 or more days of poor mental
health in the 30 days prior to W2.


After adjusting for a pre-event diag-
nosis of depression and demographic
and survey characteristics (TABLE 8,
TABLE 9, and TABLE 10), intense dust
cloud exposure was associated with cur-
rent PTS symptoms indicative of prob-
able PTSD at W2 across groups (rescue/


recovery workers: 32.4% vs 14.2%;
adjusted OR, 1.5 [95% CI, 1.3-1.6]; resi-
dents: 29.8% vs 10.1%; adjusted OR, 2.0
[95% CI, 1.6-2.4]; office workers: 26.8%
vs 12.2%; adjusted OR, 1.7 [95% CI,
1.5-1.9]; and passersby: 33.1% vs
14.8%; adjusted OR, 1.8 [95% CI, 1.4-
2.3]). Witnessing horror was also as-
sociated with PTS symptoms (ad-
justed ORs ranged from 1.3 [95% CI,
1.2-1.5] in rescue/recovery workers
[25.1% vs 12.9%] to 2.2 [95% CI, 1.7-
2.8] in residents [19.4% vs 7.2%,]), as
was sustaining an injury. The risk for
PTS symptoms was greater for partici-
pants who reported loss of a spouse,
other family member, coworker, or ac-
quaintance as a result of the terrorist
attack, with the loss of a spouse asso-
ciated with greatest risk (eg, 50.0% vs
13.4%; adjusted OR, 3.6 [95% CI, 1.6-
8.1] among office workers).


Regarding peri-event risk factors for
PTS symptoms at W2, rescue/recovery
workerswhoworkedlongerperiods(�90
days) were at increased risk (28.3% vs
16.3%; adjusted OR, 1.6 [95% CI,
1.4-1.8]).Also,workerswhobeganwork
onSeptember11wereatgreaterriskthan
those who arrived after September 18
(28.0%vs12.4%;adjustedOR,1.3 [95%
CI, 1.1-1.5]). Residents who reported
heavydustinthehomewereathigherrisk
for PTS symptoms than those who re-
portednodamageornoheavydust layer
(28.5%vs12.3%;adjustedOR,2.2 [95%
CI, 1.8-2.6]). Among office workers, a


heavylayerofdust intheworkplacesimi-
larly increasedrisk (33.8%vs16.4%;ad-
justed OR, 2.0 [95% CI, 1.8-2.3]).


Postevent risk factors produced the
greatest risks for PTS symptoms at W2.
Job loss related to the event produced
adjusted ORs ranging from 2.4 (95% CI,
1.9-3.1 [36.1% vs 11.7%]) among resi-
dents to 4.6 (95% CI, 4.0.-5.3 [56.4%
vs 16.1%]) among rescue/recovery
workers. Social support was also in-
versely related to risk. The greatest
effect was observed among rescue/
recovery workers who reported no
sources of social support compared with
those who reported 4 or 5 sources
(49.7% vs 9.9%; adjusted OR, 6.9 [95%
CI, 5.7-8.3]).


Figure 2. Asthma Newly Diagnosed Since
the September 11, 2001, World Trade
Center Terrorist Attack, by Year of Diagnosis
(n=2483)
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Table 3. Multivariable Analysis of Dust Cloud Exposure and Asthma Diagnosed Since September 11, 2001, by WTCHR Eligibility Group


Risk Factor


Rescue/Recovery Workers
and Volunteers


(n = 19 161)


Lower Manhattan
Residents
(n = 5594)


Lower Manhattan
Office Workers


(n = 13 489)


Passersby
on September 11


(n = 1913)


Asthma,
No. (%)a


Crude OR
(95% CI)


Adjusted
OR


(95% CI)b
Asthma,
No. (%)a


Crude OR
(95% CI)


Adjusted
OR


(95% CI)b
Asthma,
No. (%)a


Crude OR
(95% CI)


Adjusted
OR


(95% CI)b
Asthma,
No. (%)a


Crude OR
(95% CI)


Adjusted
OR


(95% CI)b


Total adults 2347
(12.2)


445
(8.0)


1137
(8.4)


164
(8.6)


Dust cloud exposure
None 1208


(9.6)
1 [Ref] 1 [Ref] 217


(7.2)
1 [Ref] 1 [Ref] 303


(6.2)
1 [Ref] 1 [Ref] 56


(7.0)
1 [Ref] 1 [Ref]


Some 200
(12.3)


1.3
(1.1-1.5)


1.0
(0.8-1.2)


76
(7.3)


1.0
(0.8-1.3)


1.0
(0.8-1.3)


185
(7.5)


1.1
(0.9-1.4)


1.1
(0.9-1.3)


33
(8.4)


1.2
(0.7-1.8)


1.2
(0.7-1.8)


Intense 807
(19.1)


2.1
(1.9-2.3)


1.5
(1.4-1.7)


130
(10.1)


1.4
(1.1-1.8)


1.4
(1.1-1.8)


599
(10.5)


1.7
(1.4-1.9)


1.5
(1.3-1.7)


68
(10.3)


1.5
(1.0-2.1)


1.4
(1.0-2.0)


Abbreviations: CI, confidence interval; OR, odds ratio; Ref, reference group; WTCHR, World Trade Center Health Registry.
aPercentages are strata-specific prevalences of postevent asthma by eligibility group.
bOdds ratios are adjusted for mode of recruitment at wave 1, mode of interview at wave 2, sex, age group, race/ethnic group, income, current smoking, and other exposure factors


shown in Tables 4 and 5.
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Co-occurrence of postevent asthma
and PTS symptoms at W2 was com-
mon. Among enrollees with postevent
asthma, 36% (95% CI, 34.4%-37.5%
[n=1367/3800]) had PTS symptoms;
among enrollees with these symptoms
at W2, 19% (95% CI, 18.2-20.0
[n=1367/7164]) reported a new diag-
nosis of asthma after September 11.


eTables 5-8 present the full models,
as well as models stratified by recruit-
ment mode (self- vs list- identified) for
diagnosed asthma and PTS symp-
toms. Stratification shows that recruit-
ment mode did not modify observed
effects.


Estimated Burden in Directly
Exposed Adults
Applying reported outcome rates from
the W2 survey results to the potential
universe of approximately 409 000 ex-
posed persons, roughly 25 500 adults
(range, 17 400-40 000) are estimated to
have experienced postevent asthma, and
61 000 (range, 43 000-88 600) are esti-
mated to have experienced symptoms in-
dicative of probable PTSD at W2.


COMMENT


This longitudinal study of more than
46 000 enrollees demonstrates that large
numbers of individuals reported ad-


verse health conditions 5 to 6 years af-
ter the September 11, 2001, WTC
attack. Respiratory health effects, while
most apparent among rescue/recovery
workers, also affected residents, office
workers, and passersby, and our esti-
mates suggest that more than 25 000 di-
rectly exposed adults may have re-
ceived new asthma diagnoses since the
event. The burden of mental health
trauma was larger and developed late
for many. While pathogenesis mecha-
nisms may have varied, the 2 condi-
tions frequently co-occurred and shared
common event-related risk factors, such
as intense exposure to the dust cloud,
timing and duration of rescue and re-
covery work, and sustaining damage to
home or workplace. Efforts to address
ongoing event-related health conse-
quences require coordinated physical
and mental health care.35


In our cohort, the annualized rate of
asthma diagnoses in the 4 months im-
mediately following the attacks was at
least 6 times higher than the esti-
mated annual national adult rate of
0.5% for 2002,36 and in subsequent
years it remained at least 2 times higher
than national estimates. By contrast, the
3-year asthma diagnosis rate from 2004-
2006 in those with no symptoms at W1
was 1.3%, similar to what would be ex-
pected if the terrorist event had not hap-
pened. Thus, there appears to have been
a sizable increased risk of asthma in this
directly exposed cohort. Indeed, early
postevent asthma diagnoses in the reg-
istry population are underestimated
here, because they exclude the 40% of
new diagnoses with unknown date of
diagnosis but with W1 characteristics
suggesting that they were largely early
cases and mostly event-related.


Several factors were associated with
postevent asthma. Rates were nearly as
high in passersby as in persons who re-
turned to live or work in the area, sug-
gesting that much postevent asthma re-
sulted from intensive respiratory
exposure to particulates and fumes re-
leased by the collapse of the WTC tow-
ers, similar to occupational exposures
that can result in reactive airways dys-
function syndrome.37,38 However, these


Table 4. Multivariable Analysis of Days Worked and Time of Arrival as Risk Factors for
Asthma Diagnosed Since September 11, 2001, Among World Trade Center (WTC)
Rescue/Recovery Workers and Volunteers (n = 19 161)a


Risk Factor Asthma, No. (%)
Crude OR
(95% CI)


Adjusted OR
(95% CI)


No. of days worked at any WTC site
1-7 548 (9.1) 1 [Reference] 1 [Reference]


8-30 646 (12.0) 1.3 (1.2-1.5) 1.3 (1.1-1.4)


31-90 466 (15.0) 1.7 (1.5-2.0) 1.4 (1.3-1.6)


�90 533 (17.3) 2.0 (1.8-2.3) 1.9 (1.6-2.1)


Time of arrival
September 11, on pile 600 (20.5) 3.0 (2.7-3.5) 2.2 (1.9-2.6)


September 11, other WTC site 330 (12.9) 1.8 (1.5-2.0) 1.4 (1.2-1.6)


September 12-17, any WTC site 941 (12.4) 1.7 (1.5-1.9) 1.6 (1.4-1.8)


September 18, 2001, to June 2002,
any WTC site


422 (7.8) 1 [Reference] 1 [Reference]


Abbreviations: CI, confidence interval; OR, odds ratio.
aSee notes a and b in Table 3.


Table 5. Multivariable Analysis of Home/Office Evacuation and Damage as Risk Factors for
Asthma Diagnosed Since September 11, 2001, Among Lower Manhattan Residents and
Office Workersa


Risk Factor
Asthma,
No. (%)


Crude OR
(95% CI)


Adjusted OR
(95% CI)


Residents (n = 5594)
Evacuation of home


Evacuated 261 (7.2) 1 [Reference] 1 [Reference]


Did not evacuate 183 (9.4) 1.4 (1.1-1.6) 1.4 (1.1-1.7)


Damage to home
None 293 (7.3) 1 [Reference] 1 [Reference]


Damage without heavy
layer of dust


61 (9.0) 1.3 (1.0-1.7) 1.3 (1.0-1.8)


Heavy layer of dust with
or without damage


91 (10.3) 1.5 (1.1-1.9) 1.5 (1.1-1.9)


Office workers (n = 13 489)
No office damage 790 (7.8) 1 [Reference] 1 [Reference]


Damage without heavy
layer of dust


175 (8.9) 1.2 (1.0-1.4) 1.1 (0.9-1.3)


Heavy layer of dust with
or without damage


171 (12.7) 1.7 (1.4-2.1) 1.5 (1.3-1.8)


Abbreviations: CI, confidence interval; OR, odds ratio.
aSee notes a and b in Table 3.
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data also suggest that ongoing expo-
sure to WTC dust (and the chemicals
or allergens in it) introduced addi-
tional risks. Risk of asthma increased
with length of time worked at the site.
Residents who did not evacuate were
at higher risk than those who did. Those
who reported a heavy layer of dust in
their home or office had higher asthma
diagnosis rates, independent of dust
cloud exposure.


While symptoms varied substan-
tially among those who reported
asthma, the data suggest that asthma
associated with intense dust cloud
exposure may be more severe than
new asthma occurring for other rea-
sons. This finding persisted when
controlling for demographic and


socioeconomic factors or when
restricted to list-identified enrollees
only, who may have been less affected
by self-selection biases.


While dust cloud exposure and heavy
layer of dust in the home or office were
risk factors for early and late postevent
asthma, our analysis suggests that risk
for new diagnosis of asthma associ-
ated with WTC exposures has waned,
although it may not be over. The epi-
demic curve flattened for 3 years fol-
lowing 2002. The increase in 2006 is
likely attributable to recall bias associ-
ated with W2 administration. The as-
sociation with dust cloud exposure has
decreased over time, and asthma de-
veloping later in previously symptom-
free persons appears to be occurring at


a rate comparable to what would be ex-
pected had there been no September 11
disaster, about 0.5% per year. Simi-
larly, in a longitudinal study of rescue/
recovery workers, the prevalence of spi-
rometric abnormalities did not increase
over the 5-year interval, and the change
in lung function was compatible with
normal aging.16


In addition, the high prevalence of
wheezing, shortness of breath, and
cough at W1 among persons with a late
postevent diagnosis of asthma sug-
gests that many may already have de-
veloped event-related asthma early but
had a delayed diagnosis. Given that ap-
parent late diagnoses of probable event-
related asthma continued to occur
through 2006 and a sizable number of


Table 6. PTSD Diagnosed Before September 11, 2001, and Event-Related Posttraumatic Stress Symptoms Since September 11, by World
Trade Center Health Registry Wave 1 Characteristics and Event-Related Exposures


Wave 1 Characteristic
Wave 2, PTSD-Free
Prior to Event, No.a


September 11–Related Probable PTSD, No. (% [95%CI])


Total Wave 1 PTSD Wave 2 PTSD


Total adults 43 032 10 242 (23.8 [23.4-24.2]) 6141 (14.3 [13.9-14.6]) 8212 (19.1 [18.7-19.5])


Source of interview
Self-identified 31 814 8232 (25.9 [25.4-26.4]) 4972 (15.6 [15.2-16.0]) 6627 (20.8 [20.4-21.3])


List-identified 11 218 2010 (17.9 [17.2-18.6]) 1169 (10.4 [9.9-11.0]) 1585 (14.1 [13.5-14.8])


Sex
Male 26 610 5860 (22.0 [21.5-22.5]) 3154 (11.9 [11.5-12.2]) 4891 (18.4 [17.9-18.8])


Female 16 422 4382 (26.7 [26.0-27.4]) 2987 (18.2 [17.6-18.8]) 3321 (20.2 [19.6-20.8])


Age at interview, y
18-24 1382 270 (19.5 [17.4-21.6]) 144 (10.4 [8.8-12.0]) 211 (15.3 [13.4-17.2])


25-44 20 939 4935 (23.6 [23.0-24.1]) 2848 (13.6 [13.1-14.1]) 4002 (19.1 [18.6-19.6])


45-64 18 883 4748 (25.1 [24.5-25.8]) 2964 (15.7 [15.2-16.2]) 3784 (20.0 [19.5-20.6])


�65 1828 289 (15.8 [14.1-17.5]) 185 (10.1 [8.7-11.5]) 215 (11.8 [10.3-13.2])


Race/ethnicity
Non-Hispanic white 30 468 6093 (20.0 [19.5-20.4]) 3253 (10.7 [10.3-11.0]) 5058 (16.6 [16.2-17.0])


Non-Hispanic black 4248 1325 (31.2 [29.8-32.6]) 960 (22.6 [21.3-23.9]) 941 (22.2 [20.9-23.4])


Hispanic 4820 1888 (39.2 [37.8-40.5]) 1329 (27.6 [26.3-28.8]) 1484 (30.8 [29.5-32.1])


Asian 2227 515 (23.1 [21.3-24.9]) 316 (14.2 [12.7-15.6]) 388 (17.4 [15.8-19.0])


Other 1269 421 (33.2 [30.6-35.8]) 283 (22.3 [20.0-24.6]) 341 (26.9 [24.4-29.3])


Total household income at interview, $
�25 000 3201 1284 (40.1 [38.4-41.8]) 965 (30.1 [28.6-31.7]) 1028 (32.1 [30.5-33.7])


25 000-�50 000 7531 2374 (31.5 [30.5-32.6]) 1598 (21.2 [20.3-22.1]) 1838 (24.4 [23.4-25.4])


50 000-�75 000 8567 2126 (24.8 [23.9-25.7]) 1259 (14.7 [13.9-15.4]) 1681 (19.6 [18.8-20.5])


75 000-�150 000 14 740 2973 (20.2 [19.5-20.8]) 1501 (10.2 [9.7-10.7]) 2492 (16.9 [16.3-17.5])


�150 000 5025 715 (14.2 [13.3-15.2]) 375 (7.5 [6.7-8.2]) 575 (11.4 [10.6-12.1])


Missing 3968 770 (17.9 [16.7-19.1]) 443 (11.2 [10.2-12.1]) 598 (15.1 [14.0-16.2])


Eligibility groups
Rescue/recovery workers


and volunteers
20 294 4656 (22.9 [22.4-23.5]) 2465 (12.1 [11.7-12.6]) 3950 (19.5 [18.9-20.0])


Lower Manhattan residents 5852 1248 (21.3 [20.3-22.4]) 770 (13.2 [12.3-14.0]) 954 (16.3 [15.4-17.2])


Lower Manhattan office workers 14 718 3712 (25.2 [24.5-25.9]) 2494 (16.9 [16.3-17.6]) 2814 (19.1 [18.5-19.8])


Passersby 2087 610 (29.2 [27.3-31.2]) 402 (19.3 [17.6-21.0]) 484 (23.2 [21.4-25.0])
Abbreviations: CI, confidence interval; PTSD, posttraumatic stress disorder.
aRestricted to 43 032 persons without a pre-event diagnosis of PTSD and with complete PTSD measures at both wave 1 and wave 2.
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additional registrants with respiratory
symptoms at W1 also reported recent
respiratory symptoms at W2 but no
asthma diagnosis, it is likely that late
diagnoses of event-related asthma will
continue but diminish in the future.
Continued tracking may help deter-
mine the extent to which late diag-
noses continue to occur and can help
clarify the observed increase in 2006.
It also remains unclear whether asthma
associated with exposure to the dust
cloud will remain more severe than
other postevent asthma.


Our findings on the prevalence of
event-related current PTS symptoms also
shed new light on the long-term men-
tal health effects of the WTC disaster.


Prevalences among exposed groups were
considerably higher than those previ-
ously reported in serial cross-sectional
studies of the general population within
6 months after September 11.20 To our
knowledge, only 1 study of New York
City adults (n=2752) used a longitudi-
nal study design.24 The authors of that
study found a 14% prevalence of prob-
able PTSD up to 4 years postevent, simi-
lar to our results. Our estimates are also
comparable to long-term findings on
highly exposed individuals from other
studies of terrorist events. Probable
PTSD prevalences were 17% and 19%
among survivors 1 to 3 years after a mass
shooting in Texas,39 31% among survi-
vors 3 years after the Oklahoma City


bombing,40 and 31% among civilian sur-
vivors 2 to 3 years after the 1995-1996
bombings in France.41 Few studies have
tracked PTS symptoms in directly ex-
posed individuals for more than 3 years
postevent.


Results from W1 and W2 surveys
clarified the course of PTS symptoms
among highly exposed groups. Roughly
10% of participants were categorized as
having chronic symptoms, and another
10% developed late-onset symptoms.
One in 20 (4.7%) had symptoms at W1
that resolved to levels not indicative of
probable PTSD. Higher PCL scores atW1
were correlated with greater risk of chro-
nicity, suggesting that the magnitude of
PCL scores warrants attention.42


Table 7. September 11–Related Posttraumatic Stress Symptoms, Comorbidity, Mental Health Care Utilization, and Quality of Life


Characteristic


No. (%)


Wave 2,
PTSD-Free
Pre-Eventb


September 11–Related Probable PTSD Status at Wave 2a


Chronic Late-Onset Resolved None


Total adults 43 032 4111 4101 2030 32 790


Eligibility group
Rescue/recovery workers


and volunteers
20 294


(47.2 [46.7-47.6])
1759


(42.8 [41.3-44.3])
2191


(53.4 [51.9-55.0])
706


(34.8 [32.7-36.9])
15 638


(47.7 [47.2-48.2])


Residents 5852
(13.6 [13.3-13.9])


476
(11.6 [10.6-12.6])


478
(11.7 [10.7-12.6])


294
(14.5 [13.0-16.0])


4604
(14.0 [13.7-14.4])


Lower Manhattan office workers 14 718
(34.2 [33.8-34.7])


1596
(38.8 [37.3-40.3])


1218
(29.7 [28.3-31.1])


898
(44.2 [42.1-46.4])


11 006
(33.6 [33.1-34.1])


Passersby 2087
(4.9 [4.6-5.1])


276
(6.7 [5.9-7.5])


208
(5.1 [4.4-5.7])


126
(6.2 [5.2-7.3])


1477
(4.5 [4.3-4.7])


Mental health diagnoses since September 11
PTSD 5831


(13.6 [13.2-13.9])
1896


(46.1 [44.6-47.6])
1172


(28.6 [27.2-30.0])
451


(22.2 [20.4-24.0])
2312


(7.1 [6.8-7.3])


Depression 6010
(14.0 [13.6-14.3])


1933
(47.0 [45.5-48.5])


1276
(31.1 [29.7-32.5])


424
(20.9 [19.1-22.7])


2377
(7.2 [7.0-7.5])


Both depression and PTSD 3188
(7.4 [7.2-7.7])


1375
(33.4 [32.0-34.9])


747
(18.2 [17.0-19.4])


236
(11.6 [10.2-13.0])


830
(2.5 [2.4-2.7])


Mental health care utilization �12 mo
Seen professional 8980


(20.9 [20.5-21.3])
1944


(47.3 [45.8-48.8])
1504


(36.7 [35.2-38.1])
480


(23.6 [21.8-25.5])
5052


(15.4 [15.0-15.8])


Prescription medication 6104
(14.2 [13.9-14.5])


1541
(37.5 [36.0-39.0])


1103
(26.9 [25.5-28.3])


336
(16.6 [14.9-18.2])


3124
(9.5 [9.2-9.8])


Any mental health care 10 480
(24.4 [23.9-24.8])


2196
(53.4 [51.9-54.9])


1719
(41.9 [40.4-43.4])


577
(28.4 [26.5-30.4])


5988
(18.3 [17.8-18.7])


Both 4604
(10.7 [10.4-11.0])


1289
(31.4 [29.9-32.8])


888
(21.7 [20.4-22.9])


239
(11.8 [10.4-13.2])


2188
(6.7 [6.4-6.9])


Quality of life �30 d
Poor mental health �14 d 7875


(18.3 [17.9-18.7])
2502


(60.9 [59.4-62.4])
1981


(48.3 [46.8-49.8])
439


(21.6 [19.8-23.4])
2953


(9.0 [8.7-9.3])


Limited activity �14 d 4537
(10.5 [10.3-10.8])


1564
(38.0 [36.6-39.5])


1067
(26.0 [24.7-27.4])


206
(10.1 [8.8-11.5])


1700
(5.2 [4.9-5.4])


Both 3163
(7.4 [7.1-7.6])


1384
(33.7 [32.2-35.1])


899
(21.9 [20.7-23.2])


132
(6.5 [5.4-7.6])


748
(2.3 [2.1-2.4])


Abbreviations: CI, confidence interval; PTSD, posttraumatic stress disorder.
aChronic indicates a positive screen result at both wave 1 and wave 2; late-onset, a negative result at wave 1 and a positive result at wave 2; resolved, a positive result at wave 1 and a


negative result at wave 2; and none, a negative result at both wave 1 and wave 2.
bRestricted to 43 032 persons without a pre-event diagnosis of PTSD with complete PTSD measures at both wave 1 and wave 2.
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Participants with chronic or late-
onset PTS symptoms were most
likely to report postevent mental


health care utilization and diagnoses,
although the former reported poorer
quality of life. These results highlight


the importance of ongoing mental
health surveillance after disasters.
Rescue/recovery workers were most


Table 8. Multivariable Analysis of Risk Factors of September 11–Related Probable PTSD at WTCHR Registry Wave 2 by Eligibility Groupa


Charac-
teristic


Rescue/
Recovery Workers and


Volunteers
(n = 20 294)


Lower Manhattan
Residents (n = 5852)


Lower Manhattan
Office Workers


(n = 14 718)


Passersby
on September 11


(n = 2087)


PTSD at
Follow-
up, No.


(%)
Crude OR
(95% CI)


Adjusted
OR


(95% CI)b


PTSD at
Follow-
up, No.


(%)
Crude OR
(95% CI)


Adjusted
OR


(95% CI)b


PTSD at
Follow-
up, No.


(%)
Crude OR
(95% CI)


Adjusted
OR


(95% CI)b


PTSD at
Follow-
up, No.


(%)
Crude OR
(95% CI)


Adjusted
OR


(95% CI)b


Pre-event mental health diagnosis (depression)
Yes 204


(23.0)
1.2


(1.1-1.5)
1.5


(1.2-1.8)
147


(25.3)
1.9


(1.5-2.3)
1.8


(1.4-2.3)
244


(26.6)
1.6


(1.4-1.8)
1.8


(1.5-2.1)
48


(25.7)
1.2


(0.8-1.6)
1.2


(.8-1.8)
No 3746


(19.3)
1 [Ref] 1 [Ref] 807


(15.3)
1 [Ref] 1 [Ref] 2570


(18.6)
1 [Ref] 1 [Ref] 436


(23.0)
1 [Ref] 1 [Ref]


Dust cloud exposure
None 1887


(14.2)
1 [Ref] 1 [Ref] 316


(10.1)
1 [Ref] 1 [Ref] 650


(12.2)
1 [Ref] 1 [Ref] 128


(14.8)
1 [Ref] 1 [Ref]


Some 347
(20.0)


1.4
(1.2-1.6)


1.0
(.8-1.1)


160
(14.6)


1.3
(1.1-1.6)


1.0
(.8-1.3)


377
(14.1)


1.1
(0.9-1.2)


1.0
(0.9-1.2)


85
(19.9)


1.2
(.9-1.6)


1.1
(.8-1.5)


Intense 1446
(32.4)


2.7
(2.5-2.9)


1.5
(1.3-1.6)


403
(29.8)


3.3
(2.8-3.8)


2.0
(1.6-2.4)


1672
(26.8)


2.4
(2.2-2.7)


1.7
(1.5-1.9)


240
(33.1)


2.4
(1.9-3.0)


1.8
(1.4-2.3)


Witnessed traumatic or horrific event on September 11
Yes 2639


(26.1)
2.4


(2.2-2.6)
1.3


(1.2-1.5)
846


(19.4)
3.1


(2.5-3.8)
2.2


(1.7-2.8)
2726
(20.2)


3.3
(2.6-4.1)


2.1
(1.6-2.6)


460
(23.9)


1.8
(1.1-2.8)


1.5
(.9-2.4)


No 1306
(12.9)


1 [Ref] 1 [Ref] 107
(7.2)


1 [Ref] 1 [Ref] 83
(7.2)


1 [Ref] 1 [Ref] 24
(15.1)


1 [Ref] 1 [Ref]


Sustained injury on September 11
Yes 1125


(36.5)
2.9


(2.7-3.2)
1.9


(1.7-2.1)
156


(41.8)
4.2


(3.4-5.2)
1.9


(1.4-2.4)
774


(39.5)
3.4


(3.1-3.8)
2.3


(2.0-2.6)
114


(47.7)
3.6


(2.8-4.8)
2.3


(1.7-3.2)
No 2825


(16.4)
1 [Ref] 1 [Ref] 798


(14.6)
1 [Ref] 1 [Ref] 2040


(16.0)
1 [Ref] 1 [Ref] 370


(20.0)
1 [Ref] 1 [Ref]


Loss/death of other on September 11
None 1002


(12.3)
1 [Ref] 1 [Ref] 407


(11.9)
1 [Ref] 1 [Ref] 717


(13.4)
1 [Ref] 1 [Ref] 177


(16.1)
1 [Ref] 1 [Ref]


Spouse 57
(47.5)


6.0
(4.2-8.6)


2.7
(1.8-4.0)


4
(80.0)


28.5
(3.2-254.7)


30.9
(2.9-


327.6)


18
(50.0)


6.2
(3.2-11.9)


3.6
(1.6-8.1)


4
(80.0)


20.1
(2.2-181.0)


13.5
(1.2-


150.5)
Other family


member
196


(29.0)
2.7


(2.3-3.2)
2.2


(1.8-2.6)
33


(31.1)
3.2


(2.1-4.9)
2.9


(1.8-4.7)
135


(30.8)
2.7


(2.2-3.4)
2.9


(2.3-3.7)
26


(40.6)
3.4


(2.0-5.8)
3.4


(1.8-6.1)
Coworker 1206


(24.3)
2.1


(1.9-2.3)
1.5


(1.3-1.9)
78


(25.3)
2.4


(1.8-3.2)
2.2


(1.6-3.0)
779


(24.8)
2.0


(1.8-2.3)
2.2


(1.9-2.4)
72


(34.8)
2.7


(1.9-3.7)
2.9


(2.0-4.2)
Acquaintance 1372


(22.8)
2.0


(1.8-2.1)
1.7


(1.5-1.8)
405


(21.3)
1.9


(1.7-2.1)
1.8


(1.6-2.9)
1112
(19.9)


1.5
(1.4-1.7)


1.7
(1.5-1.9)


195
(28.6)


2.0
(1.6-2.5)


2.0
(1.5-2.6)


Postevent job loss
None 2612


(16.1)
1 [Ref] 1 [Ref] 399


(11.7)
1 [Ref] 1 [Ref] 1715


(15.4)
1 [Ref] 1 [Ref] 247


(18.6)
1 [Ref] 1 [Ref]


Event-related 602
(56.4)


6.7
(5.9-7.6)


4.6
(4.0-5.3)


163
(36.1)


3.5
(2.9-4.3)


2.4
(1.9-3.1)


630
(42.7)


4.0
(3.6-4.5)


2.8
(2.4-3.2)


88
(56.1)


5.3
(3.8-7.4)


4.9
(2.7-5.9)


Not related 455
(32.9)


2.5
(2.2-2.9)


2.4
(2.1-2.7)


123
(21.5)


1.7
(1.4-2.1)


1.7
(1.4-2.2)


420
(21.6)


1.5
(1.3-1.7)


1.6
(1.4-1.8)


61
(28.8)


1.7
(1.2-2.3)


1.6
(1.1-2.2)


Postevent social support sources
None 350


(49.7)
9.0


(7.7-10.7)
6.9


(5.7-8.3)
78


(37.3)
4.6


(3.3-6.3)
4.8


(3.3-7.1)
176


(46.4)
6.4


(5.1-8.0)
5.3


(4.1-6.8)
36


(54.6)
6.1


(3.6-10.4)
4.3


(2.3-7.8)
1 or 2 2251


(24.7)
3.0


(2.7-3.3)
2.4


(2.2-2.7)
552


(17.4)
1.6


(1.4-1.9)
1.7


(1.4-22.1)
1719
(22.7)


2.2
(1.9-2.4)


2.0
(1.8-2.3)


267
(26.0)


1.8
(1.4-2.3)


1.6
(1.2-2.1)


3 653
(19.2)


2.2
(1.9-2.4)


1.8
(1.6-2.0)


138
(15.9)


1.4
(1.1-1.8)


1.3
(1.0-1.7)


405
(16.4)


1.4
(1.3-1.7)


1.4
(1.2-1.6)


75
(21.8)


1.4
(1.0-2.0)


1.2
(.8-1.8)


4 or 5 696
(9.9)


1 [Ref] 1 [Ref] 186
(11.6)


1 [Ref] 1 [Ref] 514
(12.0)


1 [Ref] 1 [Ref] 106
(16.3)


1 [Ref] 1 [Ref]


Abbreviations: CI, confidence interval; OR, odds ratio; PTSD, posttraumatic stress disorder; Ref, reference group; WTCHR, World Trade Center Health Registry.
aAnalyses restricted to persons without a pre-event diagnosis of PTSD and with complete PTSD measures at both wave 1 and wave 2.
bOdds ratios are adjusted for mode of recruitment at wave 1, mode of interview at wave 2, sex, age group, race/ethnic group, income, and other factors in this table and in Tables 9


and 10.
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likely to have delayed symptoms,
consistent with other reports on res-
cue workers’ development of prob-
able PTSD after experiencing subsyn-
dromal reactions.43


Our findings on pre-event, peri-
event, and postevent risk factors are con-
sistentwith researchon thementalhealth
impacts of disasters,44,45 although few
studies have explored9,12,27 detailed peri-
event experiences by exposure group. In-
tense dust cloud exposure, injury, and
personally witnessing horror were more
strongly associated with long-term PTS


symptom risk than were any eligibility
group–specific exposures. However,
postevent experiences were the stron-
gest risk factors; the effects of job loss and
low social support were consistent with
findings from studies of the postevent
general population and from veteran
studies.24,46,47 These findings confirm the
general understanding that, over time,
evaluation and treatment of individuals
with long-term PTSD must address so-
cial factors that moderate predisaster and
peri-disaster experiences. The role of
postevent resource loss is also impor-


tant for planning interventions for fu-
ture disasters.48


Approximately one-quarter (24.4%)
of participants reported accessing men-
tal health care in the year prior to W2.
However, at least half (52.4%) with
chronic or late-onset PTS symptoms re-
ported no mental heath care utiliza-
tion in the year prior to W2, and many
did not report a diagnosis of PTSD.
Given that untreated PTSD can be de-
bilitating, policy makers and mental
health professionals must better un-
derstand and address barriers to care.49


It is important to recognize that re-
silience is the most commonly ob-
served reaction, even among direct sur-
vivors. Nearly 8 of 10 participants
(76.2%) did not screen positive for
stress symptoms indicative of prob-
able PTSD at W1 or W2, similar to those
with high event exposure in the gen-
eral population.50 Researchers have also
identified positive outcomes related to
disaster, including personal ability to
handle crises effectively, reprioritiza-
tion of goals and values, and commu-
nity closeness.51


The voluntary nature of the WTC
HealthRegistrymayhaveresulted insys-
tematic underrepresentation of some
populations.Toaddress the fact thatpar-
ticipants who volunteered may not have
been representative of the true exposed
population, we adjusted for self- vs list-
identification to account for potential
self-selection bias and also examined
findings among list-identified enroll-
ees alone. Residual self-selection bias,
even among list-identified partici-
pants, may nonetheless have influ-
enced observed disease rates. We found
that multimode data gathering affected
absolute estimates of symptoms of PTSD
but not asthma prevalence and had little
impact on multivariable-adjusted esti-
matesof theassociationbetweenrisk fac-
tors and either outcome. Prevalences
remained high, and all major indepen-
dent associations between September 11
exposures and either asthma or PTS
remained statistically significant. Per-
sonswithPTSsymptomsatW1were less
likely to complete the W2 survey, poten-
tially related to avoidance tendencies,


Table 9. Multivariable Analysis of Days Worked and Time of Arrival as Risk Factors for
September 11–Related Probable PTSD at WTCHR Wave 2 Among Rescue/Recovery Workers
and Volunteers (n = 20 294)a


Risk Factor
PTSD at Follow-up,


No. (%)
Crude OR
(95% CI)


Adjusted OR
(95% CI)


No. of days worked at any WTC site
1-7 1061 (16.3) 1 [Reference] 1 [Reference]


8-30 978 (17.2) 1.1 (1.0-1.2) 1.1 (1.0-1.2)


31-90 736 (22.7) 1.5 (1.4-1.7) 1.3 (1.1-1.4)


�90 898 (28.3) 2.0 (1.8-2.2) 1.6 (1.4-1.8)


Time of arrival
September 11, on pile 847 (28.0) 2.8 (2.5-3.1) 1.3 (1.1-1.5)


September 11, other WTC site
location


632 (23.3) 2.2 (1.9-2.4) 1.2 (1.1-1.4)


September 12-17, any WTC site 1662 (20.8) 1.9 (1.7-2.0) 1.4 (1.3-1.6)


September 18, 2001, to June 2002,
any WTC site


717 (12.4) 1 [Reference] 1 [Reference]


Abbreviations: CI, confidence interval; OR, odds ratio; PTSD, posttraumatic stress disorder; WTC, World Trade Center;
WTCHR, WTC Health Registry.


aSee notes a and b in Table 8.


Table 10. Multivariable Analysis of Home or Office Evacuation and Damage as Risk Factors
for September 11–Related Probable PTSD at WTCHR Wave 2 Among Lower Manhattan
Residents (n = 5852) and Office Workers (n = 14 718)a


Risk Factor
PTSD at Follow-up,


No. (%)
Crude OR
(95% CI)


Adjusted OR
(95% CI)


Residents
Evacuation of home


Did not evacuate 307 (16.1) 1 [Reference] 1 [Reference]


Evacuated 645 (16.4) 1.0 (0.9-1.2) 1.0 (0.8-1.2)


Damage to home
None 518 (12.3) 1 [Reference] 1 [Reference]


Damage without heavy
layer of dust


167 (23.8) 2.2 (1.8-2.7) 1.9 (1.5-2.4)


Heavy layer of dust with
or without damage


267 (28.5) 2.8 (2.4-3.4) 2.2 (1.8-2.6)


Office workers
No office damage 1823 (16.4) 1 [Reference] 1 [Reference]


Damage without heavy
layer of dust


493 (23.1) 1.5 (1.4-1.7) 1.5 (1.3-1.7)


Heavy layer of dust with
or without damage


498 (33.8) 2.6 (2.3-2.9) 2.0 (1.8-2.3)


Abbreviations: CI, confidence interval; OR, odds ratio; PTSD, posttraumatic stress disorder; WTCHR, World Trade Center
Health Registry.


aSee notes a and b in Table 8.
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suggesting the possibility of underesti-
mation, whereas persons with asthma,
the less common of the 2 health condi-
tionsexamined,wereslightlymore likely
to complete W2. Notably, however, Sep-
tember 11 experiences were not associ-
ated with participation.


The registry’s asthma data are self-
reported, with no objective measures of
airway dysfunction or validation of di-
agnosis by review of medical records.
However, nationally validated ques-
tions were used. In addition, reported
symptoms and quality of life were con-
sistent with reported asthma diagnosis.
Similarly, although the PCL is a widely
used measure for self-report of PTS, it is
not a clinical assessment and excludes
information necessary for a PTSD diag-
nosis. Specifically, the checklist lacks
questions to ascertain actual or per-
ceived life threat (Diagnostic and Statis-
tical Manual of Mental Disorders [Fourth
Edition] criterion A), duration of dis-
turbance (criterion E), or significant im-
pairment in social, occupational, or other
functioning (criterion F). Thus, we re-
iterate that registry instruments mea-
suredstress symptoms indicativeofprob-
able PTSD, not PTSD itself. Furthermore,
lack of information on intervening life
stressors and traumatic events made it
difficult to fully describe the etiology of
late-onset symptoms compared with
chronic and resolved symptoms, par-
ticularly with respect to timing of symp-
tom onset. Despite these limitations, our
findings document longitudinal symp-
tom course, largely unexplored in Sep-
tember 11 literature.


Exposure assessments also were sub-
ject to a few limitations. First, the
absence of information on new trau-
mas and environmental exposures
after the event may have resulted in
an overestimate of disease associated
with September 11 exposures. Sec-
ond, assessment of exposure occurred
2 to 3 years after the event, and symp-
tomatic persons may have recalled
event-related exposures differently from
asymptomatic persons. To improve the
measurement of dust cloud exposure,
we augmented self-report of dust cloud
exposure with individual reports of


exact location and experiences, such as
being covered with dust from head to
toe. Significant graded associations
between asthma and exposure vari-
ables (dust cloud exposure, home and
office heavy dust, and others) provide
face validity for our findings.


CONCLUSIONS
Acute intense exposures as well as pro-
longed exposures resulted in a large
burden of asthma and PTS symptoms
5 to 6 years after the September 11,
2001, WTC terrorist attack. Care
through federally funded Centers of Ex-
cellence for persons with September 11–
related physical and mental condi-
tions exists, as do September 11–
specific clinical guidelines, which call
for coordinated treatment of physical
and mental health conditions.35 Fol-
lowing future disasters, we recom-
mend short- and long-term interven-
tions, including immediate outreach,
screening, and evidence-based treat-
ments. For example, there was out-
reach and active referral to mental
health treatment after the 2005 Lon-
don bombings.52 Our findings con-
firm that, after a terrorist attack, men-
tal health conditions can persist if not
identified and adequately treated and
that a substantial number of exposed
persons may develop late-onset symp-
toms. Our study highlights the need for
surveillance, outreach, treatment, and
evaluation of efforts for many years fol-
lowing a disaster to prevent and miti-
gate health consequences.
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Abstract
Objective—To describe physical symptoms in those local residents, local workers, and cleanup
workers who were enrolled in a treatment program and had reported symptoms and exposure to the
dust, gas, and fumes released with the destruction of the World Trade Center (WTC) on September
11, 2001.


Methods—Symptomatic individuals underwent standardized evaluation and subsequent treatment.


Results—One thousand eight hundred ninety-eight individuals participated in the WTC
Environmental Health Center between September 2005 and May 2008. Upper and lower respiratory
symptoms that began after September 11, 2001 and persisted at the time of examination were common
in each exposure population. Many (31%) had spirometry measurements below the lower limit of
normal.


Conclusions—Residents and local workers as well as those with work-associated exposure to
WTC dust have new and persistent respiratory symptoms with lung function abnormalities 5 or more
years after the WTC destruction.


Learning Objectives


• Review the types of physical symptoms and signs found in local residents and
workers and clean-up workers exposed to conditions at the World Trade Center
(WTC) site.


• Compare and contrast the findings to those in rescue and recovery workers, and
discuss possible mechanisms of the abnormalities observed.


• Discuss the implications for disaster preparedness and health monitoring after
environmental disasters.
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The destruction of the World Trade Center (WTC) towers on September 11, 2001 resulted in
the massive release of dust, gas, and fumes with potential environmental and occupational
exposures for thousands of individuals. Adverse health effects from these exposures are well
described for rescue and recovery workers with work-related exposure.1–7 Less is known about
populations with exposure to the dust, gas, and fumes from the WTC disaster who were not
involved in rescue and recovery activities. These populations include those who were working
in the WTC towers or in the many surrounding offices, stores, and restaurants (local workers)
as well as residents of the surrounding buildings (residents). Over 360,000 local workers and
over 57,000 residents south of Canal Street in lower Manhattan alone have been estimated to
have had potential for dust and fume exposure.8 Additional work-exposed populations include
those involved in the cleanup of the surrounding area (cleanup workers).


For those not involved in rescue and recovery activities, exposure to the WTC dust, gas, and
fumes occurred in multiple ways. The collapse of the WTC towers resulted in an initial dust
cloud with estimated levels of 100,000 mcg/m3 of pulverized dust.9 People in the vicinity of
the WTC towers in lower Manhattan and western areas of Brooklyn on September 11, 2001
had potential exposure to this initial cloud of dust (dust cloud). The particles from the collapse
settled on the streets, parks, and building exteriors over southern Manhattan and Brooklyn.10


Incompletely removed dust had potential for resuspension and the fires that burned for 4 months
generated continuous particles. Local workers and residents had potential for exposure to this
more chronic exposure to outside dust. Particles entered the surrounding building interiors,
which were covered in millimeters to several centimeters of WTC dust.10,11 Local workers,
residents, and cleanup workers all had potential for indoor dust exposure during cleanup
activities of the indoor contaminants and from resuspended indoor particles. Gases and fine
particles were generated from the fires that burned in the 16-acre WTC site for the ensuing 4
months.10 Settled dust was composed of a mix of highly alkaline materials (pH, 11) consisting
of pulverized concrete, fiberglass, glass, plastics, and other building materials containing
polycyclic aromatic hydrocarbons, volatile organic compounds, lead, dioxin, and furans.12


Indoor dust was enriched for small particles.11 All these individuals therefore had potential for
complex exposures including inhalation, ingestion, and superficial contact with pulverized dust
from the initial dust cloud, inhalation and contact of persistent resuspended outdoor and indoor
dust, as well as inhalation of fine particulate matter, gas, and fumes from the fires that burned
for months.9


Most local workers returned to surrounding offices 1 week after the event when southern
Manhattan was officially reopened for business. Some residents closest to the site were
evacuated and returned over the ensuing 3 months. Many residents remained in their apartments
and were never evacuated. Although most individuals cleaned their own residence or work-
site, formal cleanup of indoor and outdoor commercial and some residential sites was
performed by workers hired specifically for the activity. These cleanup activities continued for
months.


Adverse health effects have been well described in those involved in rescue and recovery
efforts.1–5,13–15 We, and others have previously described the presence of new onset clinical
symptoms in local residents or building evacuees compared with a control population in the
initial years after September 11, 2001.8,16,17 Respiratory symptoms were associated with
prolonged exposure to the dust and fumes in a dose-response model in residents.18 There is
minimal information about the presence and persistence of symptoms in local workers,
residents or cleanup workers more than 5 years after the event. In 2005, in response to requests
from local community groups, Bellevue Hospital, an affiliate of the New York University
School of Medicine and a public hospital in New York City, began a standardized medical
program to provide treatment to local workers, residents, and cleanup workers with physical
symptoms thought to be associated with WTC exposures. Funding from the American Red
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Cross and the City of New York subsequently supported the program. We now report the
baseline clinical characteristics of the initial 1898 adults enrolled in this community clinic
program and exploratory analyses of the relationship of self-reported dust exposures to
respiratory symptoms and lung function.


Materials and Methods
Subjects


Patients presented to the Bellevue Hospital World Trade Center Environmental Health Center
(WTC EHC) in response to information about the program distributed by community-based
organizations and local news reports. The Institutional Review Board of New York University
School of Medicine approved the research database (NCT00404898) and only patients who
signed consent were used for analysis. Initial inclusion into the program was based on an initial
telephone screen to document potential exposure to WTC dust, gas, or fumes as a local worker,
resident, or cleanup worker in southern Manhattan on or in the months after September 11 and
the presence of any physical symptom that occurred or was exacerbated after September 11.
Patients who enrolled over the 33-month period from the end of September 2005 until June
2008 were included in this analysis. Although our initial funding included treatment of
individuals involved in rescue and recovery (police, construction workers etc), as federal
funding became available for these workers, we focused our program on local community
members who were not covered under federally funded programs.


Procedures
Patients responded to a multi-dimensional interviewer-administered questionnaire that queried
demographics; confirmed and characterized exposure to WTC dust via occupation, work or
residence; symptoms, including severity and temporal relationship relative to September 11,
2001; and functional status. Questionnaires were translated into Spanish, Mandarin, Cantonese,
and Polish using Bellevue Hospital Center’s remote, real-time translation system. Severity of
dyspnea was assessed using the modified Medical Research Council (MRC) dyspnea scale,
which was added after the first 823 eligible patients had enrolled in the program.19,20 A physical
examination, mental health screen, blood test, and chest x-ray (CXR) were performed.


All individuals were initially referred for spirometry, which was performed in accordance with
American Thoracic Society/European Respiratory Society standards21 on a Sensor-medics
spirometer (Yorba Linda, CA). Predicted values for forced vital capacity (FVC), and forced
expiratory volume in one second (FEV1) were derived from NHANES III (National Health
and Nutrition Education Survey).22 From October 2007 to March 2008, consecutive
individuals with lower respiratory symptoms and normal spirometry were invited to return for
methacholine challenge studies. Methacholine challenge studies were performed according to
the American Thoracic Society guidelines.23


Data Analysis
We describe the population as a whole, and grouped by potential population exposure category
defined as local worker, resident, cleanup worker, or those involved in rescue and recovery.
Residents or local workers lived or worked south of 14th street on September 11, 2001 or within
the year after the event. For purposes of analysis, individuals were classified as residents if
they were both residents and local workers. Cleanup workers were individuals hired to clean
surrounding residences, offices, churches, libraries, and schools within the year after
September 11, 2001. A small group (N = 45) of individuals could not be classified in any of
these categories and we excluded them from subsequent analyses. Symptoms were classified
as “new onset” if they were reported to have started after September 11, 2001. Symptoms were
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considered “persistent” if they occurred more than two times each week in the month prior to
entry in the treatment program.


Descriptive statistics of counts and proportions were calculated for categorical variables and
means and standard deviations were calculated for continuous variables. For each individual
analysis, missing values were excluded from the calculations. In the univariate analysis
comparing spirometry values between smokers and nonsmokers, Wilcoxon rank-sum test,
which is robust to non-normality was used. Categorical variables were analyzed using the χ2


test or the Fisher exact test if some cell numbers were small. Odds ratio (OR) and the
corresponding 95% confidence interval (CI) or P-values were reported. All statistical analyses
were conducted using SAS, version 9.1.


Results
Patient Characteristics


One thousand eight hundred ninety-eight patients ≥ 17 years of age were consecutively enrolled
and signed consents between September 2005 and May 2008. The baseline demographics of
the clinic population are shown in Table 1. The population included a large number of women
(47%) and there was a mean age of 48 years, with little variation in age among the exposure
groups. The population was racially diverse, although many individuals chose not to classify
themselves into any specific race. Almost half (42%) of the population and most of the cleanup
workers were self-reported Latino ethnicity and of these, many were from South America
including Columbia (33%) and Ecuador (20%), with fewer from the Caribbean islands of the
Dominican Republic (10%) and Puerto Rico (8%). Residents and cleanup workers tended to
have low incomes and no health insurance. Most people (77%) had a <5 pack-year (p-y) tobacco
history.


Population Exposure Categories
It has not been possible to measure or estimate the absolute or relative exposures of members
of the population to the dust, gas, and fumes that resulted from the destruction of the WTC
towers with any precision. We therefore grouped our population into exposure categories as
local workers and residents with potential non-occupational exposure to WTC dust, gas, and
fumes, or cleanup workers, rescue and recovery workers with work-related exposure (Table
1). Our population included local workers (37%), residents (20%) and cleanup workers (30%).
We initially began as a philanthropy-funded program with a target population that included
rescue and recovery workers and thus 11% of our population fit this category. A small number
of individuals (2%) could not be classified in any of these exposure categories. Because of the
potential for massive particle inhalation and ingestion from the initial dust cloud on September
11, 2001, we also characterized our population by exposure to the dust cloud. Many local
workers and residents reported exposure to this initial dust cloud.


Presence of New Onset and Persistent Symptoms
Enrollment in the WTC EHC required report of any physical symptom without a restriction as
to the type of symptom. Most symptoms that patients reported, however, related to the upper
and lower respiratory tract, and the distribution of the most common new onset and persistent
symptoms on entry is shown in Fig. 1. Dyspnea on exertion (DOE) and cough were the most
common symptoms (67% and 46%, respectively), although many described nasal or sinus
congestion (39%) and less commonly wheeze (27%) and chest tightness (28%). As previously
described for the rescue and recovery workers, gastrointestinal symptoms such as acid reflux
were also common. The pattern of symptoms was remarkably similar across all exposure
categories. Individuals with a <5 p-y tobacco history had symptoms that were similar to the
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population as a whole, with new onset and persistent DOE (66%), cough (47%), wheeze (26%),
and sinus or nasal congestion (40%).


Severity of dyspnea was assessed using the modified MRC dyspnea scale (Table 2).19 Forty-
one percent of the total population had a dyspnea score of “3” or greater corresponding to
moderate to severely disabling dyspnea.20 Ten percent had the maximal score of “5.” A
significant association was noted for dust cloud exposure and new onset and persistent DOE
(OR: 1.4, 95% CI: 1.1 to 1.8). Dust cloud exposure was also significantly associated with a
score of “3” or more on the MRC dyspnea scale in local workers (P = 0.01) and in the local
workers with a <5 p-y tobacco history (P = 0.02).


Chest X-Ray
One thousand six hundred seventy-nine patients had CXRs performed as part of their initial
evaluation. Most (90%) of these CXRs were reported as normal. Abnormalities were rare and
most commonly included descriptions of flattened diaphragms (3%), single or multiple nodules
(2%), increased bronchovascular markings (1%) or enlarged hilar or mediastinal nodes (1%).


Lung Function Studies
Spirometry results were available for 1475 of the patients (Table 3). Four hundred twenty-three
patients did not return for spirometry (N = 353) or were unable to perform studies acceptable
for analysis (N = 70). The patients with lung function studies had similar demographics and
similar exposure to WTC by-products and tobacco as those in the total population (data not
shown). The prevalence of lower respiratory symptoms did not differ significantly between
patients who had completed studies and those that did not return or could not perform studies
acceptable for interpretation.


Mean values of FVC, FEV1, and the ratio of FEV1/FVC were within normal for the total
population as well as for each exposure group. As expected for tobacco use, the presence of
≥5 p-y tobacco history was significantly associated with a reduction in FEV1 and FEV1/FVC.
Although exposure to the dust cloud was not shown to have a significant effect on lung function
in the population as a whole, there was a slight but significant reduction in pre-bronchodilator
FEV1/FVC in residents exposed to the dust cloud compared with those not exposed (75.7 vs
78.1, respectively, P = 0.03).


We subsequently classified spirometry results into normal or abnormal patterns using the lower
limits of normal (LLN), defined as values below the lower fifth percentile, derived from the
NHANES III population. Spirometry results were classified as “normal,”
“obstructed” (FEV1/FVC < LLNFEV1/FVC and FVC ≥ LLNFVC), “low FVC” (FVC <
LLNFVC and FEV1/FVC ≥ LLNFEV1/FVC), or both “obstructed and low FVC” (FEV1/FVC <
LLNFEV1/FVC and FVC < LLNFVC) in a manner similar to that previously described.4,22 Using
this type of classification, 32% of the total population and 29% of the patients with a less than
5 p-y history of tobacco use had spirometry results that were below the LLN and data are shown
for those with a less than 5 p-y tobacco history (N = 1109) (Table 4). The most common
abnormality was a “low FVC” pattern, a finding similar to that previously described for
individuals involved in rescue and recovery activities.4,15 This pattern was observed in each
of our exposure categories. We could not identify a clear relationship between exposure to the
dust cloud and the presence of abnormal spirometry pattern when classified in this manner.


To further clarify the mechanism for respiratory symptoms in our patients with normal lung
function, we sampled the population to evaluate whether these symptoms were associated with
airway hyperresponsiveness. Between the months of October 2007 and March 2008 individuals
with normal spirometry and any lower respiratory symptom defined as cough, shortness of
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breath or wheeze were consecutively referred for methacholine challenge studies. Sixty-eight
individuals completed the examination. Fifty-one percent of these patients had a PC20 ≤4 mg/
mL consistent with airway hyperreactivity.23


We examined whether patients with any of the abnormal spirometry patterns had improved
lung function after bronchodilator and data are shown for patients with <5 p-y tobacco history
(N = 319) (Table 5). There was significant improvement in FEV1 in patients with the
“obstructed” pattern (P < 0.0001) and a significant, but small improvement in FEV1 in patients
with a “low FVC” pattern (P = 0.0003). Both the FEV1 and FVC improved in response to
bronchodilator in the “obstructed and low FVC” group (P < 0.0001).


Because DOE was the most common symptom identified, we examined whether there was an
association between a severity level of “3” or more in the MRC dyspnea scale and an abnormal
spirometry pattern. A dyspnea score of “3” or more was associated with a “low FVC,” or an
“obstructed and low FVC” pattern in the total population (P = 0.0001 and P = 0.0004,
respectively) and in the population with a <5 p-y tobacco history (P = 0.005 and P = 0.05,
respectively).


Discussion
We have documented physical symptoms that developed after September 11, 2001 among local
residents and local workers as well as in cleanup workers exposed to dust, gas, and fumes from
the WTC destruction. These symptoms were present despite the passage of more than 5 years
since exposure. Upper and lower respiratory symptoms including DOE, cough, and wheeze
were particularly common. Despite the different ways in which WTC dust and fume exposure
may have occurred, the symptoms described in each of the exposure categories we defined
were strikingly similar to those that have been published for the occupationally exposed rescue
and recovery workers.3–5 The symptoms also were similar to those identified in the small
number of rescue and recovery workers in our program. Exposure to the dust cloud appeared
to increase the risk for DOE in those with non-occupational exposures. Although mean
spirometry values were normal for the population as a whole, almost one third had values below
the LLN with different patterns of abnormalities. More than half of a sampled population with
normal spirometry was hyperresponsive to methacholine, a rate that is higher than that that
described in most studies of asymptomatic individuals.24 New-onset and persistent DOE was
associated with patterns that included a reduced FVC.


We have grouped our patients by their status and potential for WTC dust, gas, and fume
exposures on September 11, 2001 as a local worker, resident, cleanup worker, rescue, and
recovery workers. Good exposure measurements for these groups are lacking due to the absence
of systematic measurements of the airborne gases and particles, particularly during the first
few days after the collapse. Exposure assessments are also limited by the few measurements
of the resuspended particles, the variation in components of the substances released over the
initial days and months, and differences in patterns of contact.10 Lioy et al10 have proposed a
model of five types of environmental and occupational exposures. This model includes
exposure to the initial pulverized building materials and jet fuel fires and the most intense
period of the WTC plume emissions. This period would correspond to the “dust cloud” period
and as expected, this exposure was most common in the local workers and was associated with
dyspnea. Additional exposure periods include outdoor exposures from September 11, 2001 to
the end of September due to the resuspension of particulate mass and the massive fires at
Ground Zero. Evacuated residents and local workers returning to their homes and work, as
well as cleanup workers, all had potential for exposure at this time. Over the ensuing months,
the fires continued and ambient particulate matter levels were noted to be elevated on particular
days. Many in our exposure categories had potential for exposure during this time as well. The
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last category described by Lioy et al includes indoor exposures. This is the least well
characterized exposure type because of non-uniformity in contamination of buildings,
differences in the amounts of dust, variations in the procedures employed to clean the dust,
and variations in the contact with settled WTC dust and smoke.12 The local workers, residents,
and cleanup workers all had potential for this type of exposure.


The chemical components of the toxins in the dust, gas, and fumes generated by the destruction
of the WTC towers support the biologic plausibility of adverse health and particularly
respiratory effects. Measurements of settled dust documented that these particles were highly
alkaline (pH 11),12 and this property alone has been shown to be associated with respiratory
effects. Occupational exposure to inhaled alkaline material induces chronic cough, phlegm,
and dyspnea as well as upper respiratory tract symptoms.25 Exposure to alkaline dusts in a
residential population has been described to produce similar symptoms.26 In vitro and animal
studies of settled WTC dust also suggest toxicity.27,28


Although lower respiratory symptoms of DOE, cough, chest tightness, and wheeze were
common, these symptoms can be due to a variety of mechanisms. Airway diseases, including
reactive airways dysfunction and irritant-induced asthma have been proposed in the responder
and firefighter populations.1,15 We and others have suggested involvement of peripheral or
small airways in some patients using physiologic techniques and high resolution computerized
tomography,29,30 and bronchiolitis obliterans has been described in a case report.31


Parenchymal diseases such as a sarcoid-like illnesses have also been described in firefighters.
Only a small number of our patients had abnormalities consistent with obvious airway or
parenchymal disease on their CXR.


Identification of lung function abnormalities may be difficult in cross-sectional studies of
populations such as ours. Many of the WTC-exposed firefighters had apparently normal lung
function, and only longitudinal measurements revealed a much greater than expected loss of
lung function.32 Lung function can also be normal in patients with asthma in the absence of
an acute exacerbation or until significant airway remodeling has occurred, and distal airway
or peripheral lung disease may not be detectable with spirometry.29,30,33 Lung function can
also be normal in early interstitial lung diseases. Although the mean spirometry values were
normal in our population, one third had measurements below their expected values. We suspect
that the symptoms in our population are due to heterogeneous mechanisms. The presence of
positive methacholine challenge studies in a sampled population with normal spirometry
suggests airway hyperreactivity consistent with irritant-induced asthma, in some, but not all
of our patients. Some of the symptoms in the patients with normal spirometry may also be due
to distal airway or peripheral lung disease, which would not be detectable with spirometry.
29,30,33 The patterns of spirometry in patients with abnormal lung function also suggest
heterogeneity in the disease. Those with an “obstructed” pattern had some response to
bronchodilator, suggesting the presence of reversible airway disease consistent with asthma.
Those with the “obstructed and low FVC” pattern had the lowest spirometry values and had
improvement in both FEV1 and FVC in response to bronchodilator, raising the possibility of
airway disease associated with air trapping. In contrast, those with a “low FVC” pattern had
minimal improvement with bronchodilator, suggesting that this abnormality might be due to
a different mechanism. Further studies are warranted for the elucidation of mechanisms of
these abnormalities.


There are several potential limitations to the interpretation of our data. This was a self-referred
population whose enrollment depended on the presence of any symptom and the potential for
exposure to WTC dust. The prevalence and incidence of persistent symptoms that developed
after September 11, 2001 remain unknown in the larger population. A recent report suggests
the possibility that approximately 120,000 local residents or building occupants may have had
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new onset or worsening respiratory symptoms and 4100 may have newly diagnosed asthma,
consistent with a 3% increase in asthma rates.34 Our data were obtained from patients who
reported exposures to WTC dust, gas, or fumes and symptoms thought to be caused by these
exposures and thus do not lend themselves to formal tests of association between exposure and
disease or symptoms. Because of the unexpected nature of the disaster, the causal relationship
between the diverse exposures WTC dust gas and fumes and the described symptoms is difficult
to determine and the absence of a specific biomarker of exposure to WTC dust, the complex
mixtures of the dust gas and fumes, and the diverse potential for exposures makes biologic
assessment of toxicologic effects difficult.10 We have used a combination of the presence of
exposure, the temporal pattern of the symptoms, and the consistency of findings to suggest a
causal relationship as suggested for occupational health risk assessments.35 The association of
a greater risk for DOE with exposure to the dust cloud suggests a relationship to a high intensity
exposure, lending further credence to causality. We do not have preexisting medical data as
many of the individuals in our program sought little or only sporadic medical care before
September 11, 2001 and measurements of lung function are not performed routinely. Our
measures are self-reported, and thus there is a risk of recall bias. This bias may be more likely
in those with potential for secondary gain, however, few in our population were eligible for
monetary reimbursement and worker’s compensation was only available to those with
occupational WTC exposure. The resemblance of the symptoms in our population to those
reported for the WTC rescue and recovery workers is consistent with a similar process of
disease.


In sum, we have described new onset and persistent respiratory symptoms in populations with
diverse potential for exposure to WTC dust, gas, and fumes including local workers and
residents. The known chemical composition of the dust and fumes and the time sequence of
occurrence of symptoms after the collapse of the WTC towers, makes an association between
the symptoms and WTC toxicant exposure likely. The similarity of symptoms and lung function
abnormalities in residents and local workers with those of cleanup and rescue and recovery
workers supports this relationship. Abnormalities in spirometry suggest heterogeneity of
disease. The presence of symptoms over 5 years after the event suggests a continued need for
provision of services and medical surveillance, which will help clarify mechanisms of disease.
The difficulties faced in determining disease causality and assessment underscore the need for
rapid monitoring of health effects in all populations in the setting of potential environmental
disasters.
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Fig. 1.
Presence of new onset and persistent symptoms in WTC EHC population (N = 1852). New
onset symptoms were defined as those with onset after September 11, 2001 and present on
entry into the program. Persistent symptoms were defined as those present at a frequency of
more than twice each week in the month preceding entry into the WTC EHC. Data presented
for total population and for local workers, residents, cleanup workers, and rescue and recovery
workers. Symptoms include cough, wheeze, DOE, chest tightness, sinus, or nasal congestion
(sinus or nasal), or symptoms of acid reflux. Data missing for 46 patients.
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TABLE 5
Bronchodilator (bd) Response in Patients With Abnormal Pattern of Spirometry


Pre bd Post bd Percentage Change


“Obstructed” (N = 67)


 FVC—L (% of predicted) 4.0 ± 1.1 (98.0 ± 12.7) 4.1 ± 1.2 (99.7 ± 14.6) 1.0


 FEV1—L (% predicted) 2.6 ± 0.7 (81.0 ± 12.9) 2.9 ± 0.8* (88.7 ± 13.6) 9.2


 FEV1/FVC 65.7 ± 5.3 70.9 ± 5.5


“Low FVC” (N = 224)


 FVC—L (% of predicted) 2.9 ± 0.7 (72.1 ± 8.2) 2.9 ± 0.7 (72.4 ± 9.5) 1.5


 FEV1—L (% predicted) 2.4 ± 0.6 (74.6 ± 9.8) 2.4 ± 0.6* (75.8 ± 11.3) 3.7


 FEV1/FVC 82.0 ± 5.7 83.0 ± 6.7


“Obstructed and low FVC” (N = 28)


 FVC—L (% of predicted) 2.7 ± 0.8 (68.1 ± 8.7) 2.9 ± 0.9* (74.4 ± 11.3) 10.2


 FEV1—L (% predicted) 1.6 ± 0.6 (52.5 ± 8.9) 1.9 ± 0.6* (61.1 ± 10.7) 18.7


 FEV1/FVC 61.0 ± 9.0 64.9 ± 9.3


*
P ≤ 0.0003 compared with pre bd value.
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Childhood leukemia is the most common 
childhood cancer, and the etiology is poorly 
understood (Buffler et al. 2005; Ross and 
Spector 2006). Acute lymphocytic leukemia 
(ALL) accounts for about 80% of child-
hood leukemias in most Western countries 
(Dalmasso et al. 2005; Kroll et al. 2006; Ries 
et al. 2004); incidence peaks at 2–5 years of 
age, indicating that early-life exposures are 
important. Incidence of ALL is highest in 
industrialized countries (Ross and Spector 
2006) and rose significantly over the period 
1975–2004 in the United States, Europe, 
and Japan (Dalmasso et al. 2005; Kroll et al. 
2006; Nishi et al. 1996; Ries et al. 2004), 
suggesting that environmental exposures or 
lifestyle changes may play an etiologic role.


Organochlorine insecticides [e.g., DDT 
(dichlorodiphenyltrichloroethane) and chlor-
dane] and polychlorinated biphenyls (PCBs) 
became common environmental contaminants 
after World War II because of their wide-
spread use, persistence in the environment, 
and bioaccumulation through the food chain. 
Because of concerns about detrimental effects 
on the environment and human health, uses 


of DDT, PCBs, and chlordane were banned 
in the United States in 1972, 1977, and 1988, 
respectively. However, these chemicals persist 
indoors in carpets, where they are protected 
from degradation by sunlight, moisture, and 
microorganisms. Ingestion of house dust is 
an important route of chemical exposure for 
young children, who spend most of their time 
indoors and frequently put their hands in their 
mouths (Bradman et al. 1997; Lanphear et al. 
1996; Thornton et al. 1990; Wilson et al. 
2001). Concentrations of organochlorines in 
serum, breast milk, and dietary sources have 
decreased substantially since the 1970s (Furst 
2006; Schecter et al. 2005); as a result, indoor 
sources can be a major contributor to exposure 
for children living in older homes, where these 
chemicals are frequently detected.


Epidemiologic studies have implicated 
residential and parental exposure to pesti-
cides as risk factors for childhood leukemia. 
However, specific pesticides were not identi-
fied in most studies, which relied primarily 
on self-reports about pesticide use. PCBs are 
considered probable human carcinogens and 
cause perturbations of the immune system 


(Hertz-Picciotto et al. 2008). PCB congeners 
commonly found in blood, adipose tissue, 
and house dust have been associated with 
increased risk of adult non-Hodgkin lym-
phoma (NHL) in cohort and case–control 
studies (Colt et al. 2005; De Roos et al. 2005; 
Engel et al. 2007). In this report, we evalu-
ated the hypothesis that persistent organo-
chlorine chemicals may increase the risk of 
childhood leukemia, and we used residential 
carpet dust as an indicator of exposure. No 
previously published population-based study 
has evaluated residential exposure to these 
chemicals and risk of childhood leukemia.


Methods
Study population. We conducted a popula-
tion-based case–control study of childhood 
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Residential Exposure to Polychlorinated Biphenyls and Organochlorine 
Pesticides and Risk of Childhood Leukemia
Mary H. Ward,1 Joanne S. Colt,1 Catherine Metayer,2 Robert B. Gunier,3 Jay Lubin,1 Vonda Crouse,4 
Marcia G. Nishioka,5 Peggy Reynolds,3 and Patricia A. Buffler2


1Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of Health, Department of Health and 
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Background: Incidence of childhood leukemia in industrialized countries rose significantly during 
1975–2004, and the reasons for the increase are not understood.


Objectives: We used carpet dust as an exposure indicator to examine the risk of childhood leukemia 
in relation to residential exposure to persistent organochlorine chemicals: six polychlorinated biphe-
nyl (PCB) congeners and the pesticides α- and γ-chlordane, p,p′-DDT (dichlorodiphenyltrichloro-
ethane), p,p′-DDE (dichlorodiphenyldichloroethylene), methoxychlor, and pentachlorophenol.


Methods: We conducted a population-based case–control study in 35 counties in northern and 
central California in 2001–2006. The study included 184 acute lymphocytic leukemia (ALL) cases 
0–7 years of age and 212 birth certificate controls matched to cases by birth date, sex, race, and 
Hispanic ethnicity. We collected carpet dust samples from the room where the child spent the most 
time before diagnosis (similar date for controls) using a specialized vacuum.


Results: Detection of any PCB congener in the dust conferred a 2-fold increased risk of ALL [odds 
ratio (OR) = 1.97; 95% confidence interval (CI), 1.22–3.17]. Compared with those in the lowest 
quartile of total PCBs, the highest quartile was associated with about a 3-fold risk (OR = 2.78; 95% 
CI, 1.41–5.48), and the positive trend was significant (p = 0.017). Significant positive trends in 
ALL risk were apparent with increasing concentrations of PCB congeners 118, 138, and 153. We 
observed no significant positive associations for chlordane, DDT, DDE, methoxychlor, or pen-
tachlorophenol. The associations with PCBs were stronger among non-Hispanic whites than among 
Hispanics despite similar distributions of PCB levels among controls in each racial/ethnic group.


Conclusions: Our findings suggest that PCBs, which are considered probable human carcinogens 
and cause perturbations of the immune system, may represent a previously unrecognized risk factor 
for childhood leukemia.


Key words: childhood cancer, dust, leukemia, organochlorine compounds, pesticides, polychlori-
nated biphenyls. Environ Health Perspect 117:1007–1013 (2009).  doi:10.1289/ehp.0900583 avail-
able via http://dx.doi.org/  [Online 27 January 2009]
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leukemia in northern and central California 
(Northern California Childhood Leukemia 
Study), which included 17 counties in the 
San Francisco Bay area and 18 counties in 
the Central Valley. As described previously 
(Chang et al. 2006; Ma et al. 2004, 2005), 
cases ≤ 14 years of age were rapidly ascer-
tained from the nine major pediatric clinical 
centers in the study area, and controls, indi-
vidually matched to cases on age, sex, race, 
Hispanic ethnicity, and maternal residence in 
the 35-county study area, were selected from 
California birth certificate files. A detailed in-
home interview that included residential and 
parental occupational history (tier 1) was con-
ducted with the child’s primary caretaker after 
consent was obtained. Beginning with cases 
diagnosed in December 1999 (and a similar 
reference date for controls), cases and con-
trols ≤ 7 years of age who were living at the 
home they occupied at the time of diagnosis 
were eligible for a second interview (tier 2). 
During the eligibility period for tier 2 par-
ticipation, the participation rate in the main 
study among families of cases < 8 years of age 
was 86%. Among households of potential 
controls, 9% could not be located and 21% 
refused before eligibility could be determined. 
Of the 606 controls determined to be eligible 
for the main study, 536 (88.5%) participated.


In the tier 2 interview, we obtained 
detailed information on home and garden 
pesticide use, inventoried pesticides in storage, 
and collected carpet dust samples. We lim-
ited eligibility to younger cases and controls 
so that the carpet dust sample would reflect 
exposures over a substantial portion of the 
child’s life. We also took a global positioning 
system measurement of the home location and 
determined whether the residence was located 
in an urban, suburban, or rural area based on 
the 2000 U.S. census block characteristics 
(U.S. Census Bureau 2002). We mapped crop 
fields within 1,500 m if the home was located 


in an agricultural area. Among 244 cases and 
305 controls eligible for a tier 2 interview 
through March 2006, 225 cases (92%) and 
244 controls (80%) participated. The primary 
reason for nonparticipation was refusal.


We collected dust samples using a special-
ized vacuum, the high-volume small-surface 
sampler (HVS3; Cascade Stack Sampling 
System, Venice, FL), from December 2001 
through March 2006. Because of the longer 
time period involved in identifying, enrolling, 
and interviewing birth certificate controls in 
the main study, the time between the refer-
ence date and dust collection was less for cases 
{median [interquartile range (IQR)] years: 
cases, 0.96 (0.76–1.38); controls, 1.55 (1.24–
1.97)}. As previously described (Colt et al. 
2008), we asked parents to identify the room 
where the child had spent the most time, 
while awake, during the year before diagnosis 
or reference date. We took the HVS3 sam-
ple in that room if there was a carpet or area 
rug measuring at least 9 ft2 that was present 
before the reference date. Most samples were 
taken in the living room or family room. A 
total of 203 cases and 212 controls met the 
eligibility requirements for sampling and had 
adequate dust (~ 0.25 g) collected for analy-
sis by at least one of the analytic methods 
(described below). A total of 22 cases and 32 
controls either had no eligible carpet or the 
dust amount collected was too little for analy-
sis. We present results for ALL (n = 184), 
which constituted 91% of the leukemia cases.


Laboratory methods. Details of the carpet 
dust sample shipping, processing, and chemi-
cal analyses have been described previously 
(Colt et al. 2008). Briefly, we sieved dust sam-
ples and retained the fine fraction (< 150 µm). 
We used a hexane:acetone extraction method 
for α- and γ-chlordane (hereafter chlordane), 
p,p′-DDE (dichlorodiphenyldichloroethyl-
ene; hereafter DDE), p,p′-DDT (hereafter 
DDT), dieldrin, lindane, methoxychlor, and 


six PCB congeners (105, 118, 138, 153, 170, 
and 180). We used an acid herbicide extrac-
tion method to measure pentachlorophenol. 
Detection and quantification were by gas 
chromatography/mass spectrometry in the 
multiple ion detection mode. Quality con-
trol samples included duplicates, the same 
duplicate spiked with 250 ng of each analyte, 
and a solvent method blank. We spiked car-
bon-13–labeled surrogate recovery standards 
(SRS) representing all major classes of ana-
lytes into all samples before extraction to aid 
in identification and as a check on method 
performance. All sample batches contained 12 
samples, including one duplicate and at least 
four case and four control samples; laboratory 
personnel were blind to case or control status.


Mean sample recoveries (without SRS 
correction) ranged from 85% for PCB‑105 
to 118% for methoxychlor. The relevant 
SRS recovery averages ranged from 82% to 
111% in the quality control samples. Results 
were similar when we used SRS-corrected 
and -uncorrected concentrations; therefore, 
we report the uncorrected concentrations. 
Table 1 shows the method detection limits 
(DLs), detection frequencies, and distributions 
of organochlorine chemical concentrations 
among controls. Spearman rank correlations 
between concentrations of the PCB congeners 
were significant (p < 0.05) and ranged from 
0.20 for PCB‑105 and PCB‑180 to 0.71 for 
PCB‑153 and PCB‑180. PCB congeners 118, 
138, 153, and 180 were moderately correlated 
with chlordane, DDE, DDT, methoxychlor, 
and pentachlorophenol; correlations ranged 
from 0.18 for PCB‑118 and methoxychlor to 
0.40 for PCB‑138 and methoxychlor.


Statistical analysis. The organochlorine 
concentrations distributed log normally, and 
analyses were based on the natural log of the 
concentration, our primary exposure metric. 
We also calculated the chemical loading, an 
estimate of the amount of chemical per square 
meter of carpet, by multiplying the concen-
tration of the chemical by the dust loading 
(amount of fine dust collected divided by the 
sampled area). The dust loadings were simi-
lar among cases and controls: cases, median, 
0.8  g/m2 (IQR, 0.3–2.6 g/m2); controls, 
1.1 g/m2 (IQR, 0.4–2.7 g/m2).


For chemicals that were detected in a 
minimum of 24% of samples, we used a sin-
gle imputation method (Lubin et al. 2004) 
that selects a value from the modeled log-
normal distribution to assign values for sam-
ples that were below the method DL. We 
used the LIFEREG procedure in SAS (ver-
sion 9.1; SAS Institute Inc., Cary, NC) to 
derive chemical-specific models that included 
parameters significantly associated with 
the concentrations of the chemical in the 
house dust samples among controls; we used 
these predictive models to “fill in” imputed 


Table 1. Percent detections and concentrations (ng/g) of persistent organochlorine compounds measured 
in carpet dust, among controls (n = 212).a 


	 Method DL		  Geometric	 Geometric	 Arithmetic	 Arithmetic 
Compound	 (ng/g)	 Percent > DL	 mean (ng/g)b	 SD	 mean (ng/g)b	 SD


Total PCBs	 —	 64.6	 5.63	 4.65	 16.23	 32.05
PCB-105	 1	 11.3	 —	 —	 —	 —
PCB-118	 1	 29.2	 0.3	 13.0	 3.69	 9.87
PCB-138	 1	 48.1	 1.0	  6.9 	  6.84	  17.10
PCB-153	 1	 48.6	 1.0	 5.7	 5.77	 17.50
PCB-170	 2	 7.1	 —	 —	 —	 —
PCB-180	 2	 36.8	  1.2	 3.5	 3.81	 11.28
α-Chlordane	 2	 94.8	 9.7	 4.1	 33.22	 91.35
γ-Chlordane	 2	 95.3	 11.3	 3.9	 35.94	 90.72
DDE	 2	 81.6	 9.4	 4.3	 23.82	 42.93
DDT	 10	 56.6	 16.0	 7.9	 78.82	 169.49
Lindane	 10	 5.7	 —	 —	 —	
Dieldrin	 50	 6.6	 —	 —	 —	
Methoxychlor	 10	 23.6	 36.4	 4.2	 31.34	 183.88
Pentachlorophenol	 5	 93.9	 77.0	 3.2	 199.27	 707.87
aDust samples taken with the HVS3 vacuum in the room where the child spent the most time. bCalculated assuming a log 
normal distribution and using the LIFEREG procedure in SAS. 
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concentrations for measurements below the 
DL. Older homes had higher concentrations 
of all of the organochlorine chemicals; there-
fore, we included housing age in all impu-
tation models. We included other factors 
significantly associated with concentrations 
of specific chemicals in the respective models: 
race/ethnicity for DDE (higher in Hispanic 
homes) and chlordane (lower in homes of 
non-Hispanic nonwhites); age for pentachlo-
rophenol (lower in homes of children < 1 year 
of age compared with homes with children 
5–7 years of age); year of the dust sampling 
(2001–2006) for DDE and chlordane (lower 
concentrations in later years); season of dust 
sampling for DDT and chlordane (lower 
concentrations in the summer and fall com-
pared with winter); residence within 1,500 m 
of crops for DDE (higher compared with res-
idences without crops within 1,500 m) and 
pentachlorophenol (lower compared with 
residences without crops within 1,500 m); 
maternal age for pentachlorophenol (higher 
in homes of mothers ≥ 30 years of age); and 
whether the child was breast-fed > 6 months 
for the PCB congeners (higher compared 
with homes of children never breast-fed or 
breast-fed < 6 months).


For analyses of pentachlorophenol, chlor-
dane, and total PCBs (sum of all congeners), 
we categorized the distribution into quartiles 
based on measured and imputed values among 
controls because few homes had no detections. 
For the other chemicals that were detected in 
> 20% of homes, the reference group was 
those with no detectable concentration, and 
we categorized detected concentrations by 
tertiles or the median of the detected concen-
tration among controls. We calculated odds 
ratios (ORs) and 95% confidence intervals 
(CIs) using unconditional logistic regression. 
We conducted tests for trend by including 
the continuous variable (values below the 
DL were based on one imputation) in the 
regression models. We adjusted all analyses 
for age, sex, and race/ethnicity (non-Hispanic 
white, Hispanic, non-Hispanic other race), 
which were study matching factors. We 
also adjusted for confounding factors that 
resulted in changes to the ORs of ≥ 10%. 
For the PCBs these included the age of the 
home (built before 1980, 1980 or later) 
and whether and for how long the mother 
breast-fed the child (never/< 6 months, ≥ 6 
months). For the other organochlorines, we 
adjusted for income (< $30,000, $30,000–
$59,000, ≥ $60,000) and the year and season 
of the dust sampling. We evaluated potential 
effect modification by breast-feeding status 
and maternal age, because breast-feeding is 
a source of exposure to persistent organo-
chlorine chemicals for infants, and older 
mothers are more likely to have higher serum 
concentrations.


Results
Because of the study design, cases and con-
trols who were eligible for the tier 2 inter-
view had moved less frequently than all study 
participants < 8 years of age. This additional 
eligibility requirement and, to a lesser extent, 
refusals by some eligible participants resulted 
in some differences in sociodemographic fac-
tors between the tier 2 study population in 
these analyses and the main study participants 
< 8 years of age. Tier 2 participants included a 
greater percentage of children that were non-
Hispanic whites (39% vs. 34% among cases; 
48% vs. 41% among controls), a lower per-
centage of Hispanic children (39% vs. 46% 
among cases; 32% vs. 41% among controls), 
and a greater percentage of children from 
higher-income (≥ $60,000) households (41% 
vs. 35% among cases; 59% vs. 50% among 
controls). Tier 2 cases and controls did not 
differ significantly by sex, age, race/ethnicity, 


urbanicity of their residence, breast-feeding 
status and duration, or mother’s age at their 
birth (Table 2). Fewer controls than cases 
lived in households with incomes < $60,000, 
and more controls lived in single-family 
homes and were interviewed in the spring or 
fall. The duration of residence in the inter-
view home before diagnosis/reference date was 
similar for cases and controls [median (IQR): 
cases, 2.5 years (1.5–3.8 years); controls, 2.4 
years (1.6–4.1 years)] and represented a sig-
nificant portion of the child’s lifetime for 
most cases and controls.


Detection of any of the measured PCB 
congeners in the dust conferred a 2-fold 
increased risk of ALL (OR = 1.97; 95% CI, 
1.22–3.17). Compared with those in the low-
est quartile of total PCBs, the highest quartile 
was associated with an almost 3‑fold risk (OR 
= 2.78; 95% CI, 1.41–5.48), and the positive 
trend was significant (p = 0.017) (Table 3). 


Table 2. Characteristics of ALL cases and controls with HVS3 dust samples collected in tier 2 of the 
Northern California Childhood Leukemia Study, 2001–2006 [no. (%)].


	 Cases	 Controls	  


Characteristic	 (n = 184)	 (n = 212)	 p-Valuea


Sex	
Male	 106 (57.6)	 117 (55.2)	 0.628
Female	 78 (42.4)	 95 (44.8)	
Age (years)	
0–1	 4 (2.2)	 9 (4.3)	 0.338
> 1–2	 23 (12.5)	 27 (12.8)	
> 2–5	 101 (54.9)	 126 (59.7)	
> 5–7	 56 (30.4)	 50 (23.2)	
Age (mean ± SD)	  4.0 ± 1.8	 3.8 ± 1.8	
Race/ethnicity	
Hispanic	 71 (38.6)	 68 (32.1)	 0.161
Non-Hispanic white	 71 (38.6)	 102 (48.1)	
Non-Hispanic other race	 42 (22.8)	 42 (19.8)	
Household income (US$)	
< 30,000	 43 (23.4)	 32 (15.1)	 0.002
30,000–59,999	 65 (35.3)	 55 (25.9)	
≥ 60,000	 76 (41.3)	 125 (59.0)	
Age of the residence			 
≥ 1980	 93 (50.5)	 116 (54.7)	 0.449
1950–1979	 38 (20.6)	 44 (20.8)	
< 1950	 25 (13.6)	 31 (14.6)	
Unknown	 28 (15.2)	 21 (9.9)	
Residence type			 
Single family	 148 (80.4)	 185 (87.3)	 0.064
Townhouse/apartment/mobile home/other	 36 (19.6)	 27 (12.7)	
Residence location			 
Urban	 133 (72.3)	 159 (75.0)	 0.145
Suburban	 27 (14.7)	 19 (9.0)	
Rural	 21 (11.4)	 32 (15.1)	
Unknown	 3 (2.0)	 2 (1.0)	
Season of interview			 
Winter	 58 (31.5)	 36 (17.0)	 0.001
Spring	 50 (27.2)	 87 (41.0)	
Summer	 47 (25.5)	 43 (20.3)	
Fall	 29 (15.8)	 46 (21.7)	
Duration of breast-feeding			 
Never breast-fed or < 6 months	 87 (47.3)	  93 (43.8)	 0.095
≥ 6 months	 97 (52.7)	 117 (55.2)	
Unknown	  0 	  2 (0.01)	
Maternal age at birth of child (years)			 
< 30	 85 (46.2)	 106 (50.0)	 0.450
≥ 30	 99 (53.8)	 106 (50.0)	


p-Value derived from chi-square tests for categorical variables; unknown values were excluded for testing case–control 
differences for residence location and breast-feeding duration.
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Table 3. ORs (95% CIs) for ALL associated with concentrations and loadings of PCB congeners and organochlorine pesticides in carpet dust samples, 2001–2006.a 


	 Chemical concentration 	 Chemical loading
				    p-Value					     p-Value 	
Concentration (ng/g)	 Cases	 Controls	 ORb (95% CI)	 for trend 	 Loading (ng/m2)	 Cases	 Controls	 ORb (95% CI)	 trend


Total PCBsb					     Total PCBsb 				  
< 2.3	 26	 53	 1.0		  < 2.2	 56	 53	 1.0	
2.3 to < 6.0	 52	 53	 2.13 (1.14–3.97)		  2.2 to < 7.1	 38	 53	 0.73 (0.41–1.31)	
6.0 to < 15.5	 50	 53	 2.17 (1.14–4.13)		  7.1 to < 21.7	 41	 53	 0.70 (0.39–1.25)	
15.5–434.1	 56	 53	 2.78 (1.41–5.48)	 0.017	 ≥ 21.7	 47	 53	 0.82 (0.46–1.47)	 0.923
PCB-105b				     	 PCB-105b				  
< DL	 161	 188	 1.0		  < DL	 161	 188	 1.0	
> DL	 23	 24	 1.10 (0.59–2.06)		  > DL				  
1 to < 9.9	 18	 12	 1.69 (0.78–3.67)		  < 7.6	 11	 12	 0.99 (0.42–2.36)	
9.9–48.6	  5	 12	 0.50 (0.17–1.48)	 0.018	 ≥ 7.6	 12	 12	 1.22 (0.52–2.86)	 0.871
PCB-118b					     PCB-118b				  
< DL	 118	 150	 1.0		  < DL	 118	 150	 1.0	
> DL	 66	 62	 1.56 (0.98–2.48)		  > DL				  
1 to < 4.2	 21	 21	 1.62 (0.81–3.24)		  < 2.7	 27	 21	 2.04 (1.06–3.92)	
4.2 to < 8.7	 19	 20	 1.28 (0.63–2.60)		   2.7 to < 9.8	 19	 20	 1.26 (0.62–2.54)	
8.7–95.0	  26	 21	 1.78 (0.91–3.47)	 0.018	 ≥ 9.8	 20	 21	 1.37 (0.68–2.79)	 0.655
PCB-138b					     PCB-138b				  
< DL	 77	 109	 1.0		  < DL	 77	 109	 1.0	
> DL	 107	 102	 1.65 (1.07–2.53)		  > DL				  
1 to < 3.1	 26	 34	 1.20 (0.66–2.21) 		  < 2.8	 41	 34	 1.89 (1.07–3.32)	
3.1 to < 8.2	 45	 34	 2.06 (1.18–3.59)		   2.8 to < 11.8	 36	 34	 1.63 (0.92–2.90)	
8.2–144.6	 36	 34	 1.70 (0.93–3.10)	 0.026	  ≥ 11.8	 29	 34	 1.32 (0.71–2.44)	 0.690
PCB-153b					     PCB-153b				  
< DL	 81	 109	 1.0		  < DL	 81	 109	 1.0	
> DL	 103	 103	 1.67 (1.06–2.63)		  > DL				  
1.1 to < 2.8	 32	 34	 1.41 (0.77–2.60)		   1 to < 2.6	 45	 34	 2.46 (1.36–4.42)	
2.8 to < 6.2	 35	 34	 1.45 (0.80–2.64)		   2.6 to < 9.0	 26	 34	 1.15 (0.62–2.16)	
6.2–176.4	 36	 35	 1.60 (0.88–2.89)	 0.018	  ≥ 9.0	 31	 35	 1.42 (0.76–2.65)	 0.656
PCB-170b									       
< DL (< 2)	 162	 197	 1.0						    
> DL (2–67.9)	 22	 15	 2.05 (0.99–4.26)	 —					   
PCB-180b					     PCB-180b				  
< DL	 109	 134	 1.0		  < DL	 109	 134	 1.0	
> DL	 75	 78	 1.30 (0.82–2.05)		  > DL				  
2 to < 3.0	 28	 26	 1.36 (0.73–2.53)		  < 2.7	 30	 26	 1.73 (0.92–3.26)	
3.0 to < 6.1	 17	 26	 0.92 (0.45–1.87)		   2.7 to < 9.5	 17	 26	 0.80 (0.40–1.61)	
6.1–107.8	 30	 26	 1.59 (0.84–3.01)	 0.086	 ≥ 9.5	 28	 26	 1.44 (0.77–2.72)	 0.191
α-Chlordanec					     α-Chlordanec				  
< 3.5	 40	 53	 1.0		  < 3.3	 59	 53	 1.0	
3.5 to < 8.3	 44	 53	 1.18 (0.60–2.09)		   3.3 to < 10.8	 43	 53	 0.67 (0.37–1.21)	
8.3 to < 22.9	 49	 53	 1.32 (0.71–2.43)		   10.8 to < 30.4	 24	 53	 0.34 (0.18–0.66)	
22.9–1,916	 51	 53	 1.27 (0.69–2.35)	 0.098	 ≥ 30.4	 56	 53	 0.78 (0.42–1.42)	 0.286
DDEc					     DDEc				  
< DL	 39	 39	 1.0		  < DL	 39	 39	 1.0	
> DL	 145	 173	 0.87 (0.51–1.50)		  > DL				  
2 to < 9.4	 38	 58	 0.74 (0.39–1.41)		   2 to < 8.0	 53	 58	 1.10 (0.59–2.07)	
9.4 to < 21.7	 59	 57	 1.08 (0.58–2.02)		   8.0 to < 30.7	 43	 57	 0.78 (0.41–1.48)	
21.7–850.4	 48	 58	 0.83 (0.43–1.59)	 0.794	 ≥ 30.7	 47	 58	 0.69 (0.36–1.34)	 0.021
DDTc					     DDTc				  
< DL	 86	 92	 1.0		  < DL	 86	 92	 1.0	
> DL	 98	 120	 0.86 (0.56–1.32)		  > DL				  
10 to < 38.2	 34	 40	 0.85 (0.47–1.52)		  < 34.6	 41	 40	 1.12 (0.64–1.97)	
38.2 to < 117.8	 29	 40	 0.77 (0.42–1.41)		   34.6 to < 164.2	 25	 40	 0.72 (0.38–1.36)	
117.8–17,310.	 35	 40	 0.95 (0.53–1.69)	 0.709	  ≥ 164.2	 32	 40	 0.73 (0.40–1.32)	 0.165
Methoxychlorc					     Methoxychlorc				  
< DL	 150	 162	 1.0		  < DL	 150	 162	 1.0	
> DL	 34	 50	 0.79 (0.47–1.33)		  > DL				  
10 to < 18.5	 5	 17	 0.40 (0.14–1.20)		   10 to < 23.1	 8	 17	 0.67 (0.26–1.74)	
18.5 to < 61.6	 18	 16	 1.22 (0.58–2.55)		   23.1 to < 72.8	 10	 16	 0.77 (0.32–1.81)	
61.6–2360	 11	 17	 0.69 (0.29–1.62)	 0.549	  ≥ 72.8	 16	 17	 0.90 (0.42–1.94)	 0.325
Pentachlorophenolc					     Pentachlorophenolc				  
< 32.2	 38	 49	 1.0		  < 32.7	 51	 49	 1.0	
32.2 to < 75.8	 46	 50	 1.28 (0.68–2.40)		  32.7 to < 82.2	 34	 50	 0.56 (0.29–1.08)	
75.8 to < 164.7	 47	 50	 1.46 (0.78–2.74)		  82.2 to < 272.5	 43	 50	 0.78 (0.42–1.47)	
164.7–22,676	 31	 50	 0.84 (0.43–1.65)	 0.476	 ≥ 272.5	 32	 50	 0.47 (0.24–0.92)	 0.045
aCarpet dust samples taken from the room where the child spent the most time while awake. bORs adjusted for age, sex, race/ethnicity, age of home, and breast-feeding duration. cORs 
adjusted for age, sex, race/ethnicity, income, year, and season of the interview/dust collection.
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Detections of four of the six measured PCB 
congeners (118, 138, 153, and 170) were 
each associated with significant or margin-
ally significant elevated risk of ALL, with the 
highest risk observed for PCB‑170 (OR = 
2.05; 95% CI, 0.99–4.26). We found a sig-
nificant positive trend in risk with concentra-
tions of PCB‑118 (p = 0.018), PCB‑138 (p = 
0.026), and PCB‑153 (p = 0.017). When we 
measured exposure in terms of PCB loadings 
(nanograms per square meter), we observed 
no association with risk of ALL. ORs for 
some specific congeners were elevated but did 
not demonstrate significant positive trends 
with increasing loadings.


Increasing loadings of DDE and pen-
tachlorophenol were associated with signifi-
cant inverse trends in ALL risk. There were no 
other significant or noteworthy findings for 
the organochlorine pesticides. Risk estimates 
for the PCB congeners were not changed by 
adjustment for concentrations of the organo-
chlorine pesticides. The moderate to high cor-
relation between PCB congeners precluded 
mutual adjustment of the individual conge-
ners for each other. When we excluded chil-
dren 2–7 years of age who lived at their tier 2 
home for < 1 year before the diagnosis or ref-
erence date, we obtained similar results for 
both the PCBs and organochlorine pesticides. 


We observed consistently higher risks of 
ALL associated with detections of total PCBs 
and individual PCB congeners in carpet dust 
samples among non-Hispanic whites compared 
with Hispanics (Table 4). These differences 
were statistically significant for total PCBs and 
PCB-153 (p-value for interaction = 0.016 and 
0.015, respectively). We observed similar results 


in analyses by concentration of total PCBs and 
individual congeners (data not shown). ORs 
for PCB loadings tended to be higher among 
non-Hispanic whites; however, as we observed 
for all racial/ethnic groups combined, we found 
no significant trends in either group (data not 
shown). We found no significant differences by 
ethnicity for concentrations or loadings of the 
organochlorine pesticides (data not shown).


Among controls, the distribution of total 
PCBs was similar for Hispanics, non-His-
panic whites, and non-Hispanics of other 
races (Figure 1); thus, differences in house-
hold exposures are unlikely to explain the 
differences in observed risk. We evaluated 
potential confounding and effect modifica-
tion by several factors that differed between 
Hispanics and non-Hispanic whites, the two 
largest ethnic groups. Hispanics reported 
fewer hours of child care attendance, shorter 
duration of breast-feeding, younger mater-
nal age, lower income, and a greater number 
of children in the household compared with 
non-Hispanic whites. Adjustment for these 
factors in separate models by ethnicity did not 
substantially change the association with total 
PCBs in either group. We also we stratified 
our analyses by these factors. Among non-
Hispanic white children, ORs increased with 
total PCB concentrations within all strata, 
whereas among Hispanics risk was elevated 
only among children of older mothers (> 30 
years) and in households with only one or no 
other children. The ORs for individual PCB 
congeners showed a similar pattern (data not 
shown). Among all racial/ethnic groups com-
bined, we found little evidence of effect modi-
fication by these factors (data not shown).


Discussion
Our study is the first evaluation of the rela-
tionship between residential concentrations 
of PCBs and risk of ALL in children. We 
observed increased risk of ALL with increasing 
concentrations of total PCBs and with specific 
PCB congeners in dust samples taken from 
the room in which the child spent the most 
time. In contrast, dust levels of the persistent 
organochlorine pesticides DDT, DDE, chlor-
dane, methoxychlor, and pentachlorophe-
nol were not associated with increased risk. 
PCBs are probable human carcinogens and 
cause perturbations of the immune system, 
and concentrations in house dust and plasma 
have been associated with increased risk of 
adult NHL in epidemiologic studies (Colt 
et al. 2005; De Roos et al. 2005; Engel et al. 
2007). Our findings suggest that residential 
exposure to PCBs may represent a previously 
unrecognized risk factor for the development 
of ALL in young children.


The associations we observed with specific 
PCB congeners were consistently stronger 
among non-Hispanic whites compared with 
Hispanics. We were unable to explain this 
effect modification, although unmeasured fac-
tors such as cultural or biological character-
istics may have been responsible. It is also 
possible that residential dust samples were 
not an important source of exposure among 
Hispanic children in our study or that other 
unmeasured sources of exposure were more 
important, resulting in misclassification that 
would have obscured positive associations 
with risk. For example, Hispanic children 
may have spent more time away from their 
home in the care of relatives. We did not have 
information on the usual amount of time 
spent in the home or in the room where we 
conducted the dust sampling, which would 
have partly addressed this question.


Residential exposure to PCBs and child-
hood leukemia risk has not been evaluated 


Figure 1. Quantile–quantile plot of summed PCB 
concentrations for Hispanic, non-Hispanic (NH) 
white, and other racial groups. The fitted line, 
which is based on all measurement data, repre-
sents log-normally distributed data with geometric 
mean of 5.63 ng/g, geometric SD of 4.65 ng/g, and 
arithmetic mean of 16.23 ng/g.
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Table 4. ORs (95% CIs) for childhood leukemia associated with detections of total PCBs and individual PCB 
congeners in the home, for non-Hispanic whites and Hispanics.a


	 Non-Hispanic white	 Hispanic
Compound	 Cases (n)	 Controls (n)	 ORb (95% CI)	 Cases (n)	 Controls (n)	 ORb (95% CI)


Any PCB 						    
  All < DL	 7	 40	 1.0	 20	 21	 1.0
  Any > DL	 64	 62	 6.3 (2.5–16.0)	 51	 47	 1.15 (0.54–2.44)
PCB-105						    
  < DL	 60	 93	 1.0	 62	 56	 1.0
  > DL	 11	 9	 2.01 (0.78–5.21)	  9	 12	 0.71 (0.27–1.89)
PCB-118						    
  < DL	 38	 71	 1.0	 51	 50	 1.0
  > DL	  33	  31	 1.97 (1.02–3.77)	 20	 18	 0.98 (0.44–2.19)
PCB-138						    
  < DL	 24	 52	 1.0	 32	 36	 1.0
  > DL	  47	  49	 2.03 (1.07–3.87)	 39	 32	 1.39 (0.68–2.80)
PCB-153						    
  < DL	 17	 54	 1.0	 40	 36	 1.0
  > DL	  53	  49	 3.66 (1.80–7.44)	  31	 32	 0.84 (0.41–1.73)
PCB-170						    
  < DL	 60	 95	 1.0	 63	 64	 1.0
  > DL	 11	  7	 2.76 (0.97–7.80)	  8	  4	 1.91 (0.51–7.10)
PCB-180						    
  < DL	 32	 39	 1.0	 44	 48	 1.0
  > DL	 39	  40	 1.84 (0.98–3.46)	 27	 20	 1.52 (0.73–3.14)
aCarpet dust samples taken from the room where the child spent the most time while awake. bORs adjusted for age, sex, 
race/ethnicity, age of home, and breast-feeding duration.
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previously in a population-based study. A 
small study comparing bone marrow concen-
trations of PCBs in 38 children with ALL and 
15 healthy children selected from the same 
hospital found no significant differences in 
mean concentrations across the two sample 
pools (Scheele et al. 1992). That study was 
limited by a small size, measurement of PCBs 
in samples collected postdiagnosis, and use 
of a comparison group that may not have 
been representative of the general popula-
tion. Case–control and cohort studies of adult 
NHL in the general population have shown 
consistent positive associations between PCB 
concentrations and risk (Engel et al. 2007). 
A population-based case–control study mea-
suring PCBs in both house dust and plasma 
samples found increased NHL risk for both 
exposure assessment methods (Colt et  al. 
2005; De Roos et al. 2005), suggesting that 
house dust may be a good exposure indicator 
even in an older population.


We found no associations with child-
hood ALL for the organochlorine pesticides. 
Although self-reported parental occupational 
and residential exposures to pesticides have 
been associated with increased ALL risk in 
many studies (Buffler et al. 2005; Daniels 
et al. 1997; Infante-Rivard and Weichenthal 
2007; Zahm and Ward 1998), nearly all of 
them lacked information on specific pesti-
cide active ingredients. A study in Costa Rica 
(Monge et al. 2007) reported a nonsignifi-
cantly elevated risk of childhood leukemia 
associated with organochlorine pesticide use 
by the father during the pregnancy; how-
ever, results were based on small numbers, 
and ORs for specific pesticides were not pre-
sented. Among a cohort of agricultural pesti-
cide applicators, paternal preconception use 
of aldrin was associated with an elevated risk 
of all childhood cancers; however, the num-
bers were too small to evaluate specific can-
cer types (Flower et al. 2004). Occupational 
exposure to chlordane has been linked to an 
elevated risk of adult leukemia in some stud-
ies (Brown et al. 1990; Purdue et al. 2007). 
In contrast to our findings, two case series 
reported blood dycrasias and leukemias after 
professional pest control treatments of resi-
dences with chlordane (Epstein and Ozonoff 
1987; Infante et al. 1978), providing limited 
evidence that residential chlordane exposure 
may disrupt the immune system in humans.


Based on mechanistic studies, animal 
studies, and epidemiologic studies of cancer in 
adults, the International Agency for Research 
on Cancer and the U.S. Environmental 
Protection Agency consider PCBs to be 
probable human carcinogens (International 
Agency for Research on Cancer 1997; U.S. 
Environmental Protection Agency 2005). 
PCBs are thought to exert their carcinogenic 
effect through several possible mechanisms, 


depending on the specific congener and tumor 
site. These include binding to the aryl hydro-
carbon receptor, promotion of cell prolifera-
tion or inhibition of apoptosis, and toxicity 
to immune cells (Levin et al. 2005; Safe 1993; 
Tryphonas 1994; Wolff et al. 1997). All of 
the PCB congeners that we measured have 
demonstrated immunotoxic effects (Harper 
et al. 1995; Wolff et al. 1997) and, except for 
PCB‑105, were individually associated with 
elevated risk of ALL.


Children may be exposed to PCBs and 
persistent organochlorine pesticides in utero, 
through breast-feeding and other dietary 
sources, through inhalation, and through 
ingestion of house dust (Calabrese et  al. 
1989; Guvenius et al. 2003; Hooper et al. 
2007; Wilson et al. 2001). Young children 
are estimated to ingest about 100  mg of 
dust per day (Davis et al. 1990). Levels of 
PCBs and other organochlorine chemicals in 
blood, breast milk, and dietary sources have 
decreased considerably since the early 1970s 
(Furst 2006; Laden et al. 1999; Schecter et al. 
2005). Accordingly, exposure to environmen-
tal sources such as dust and soil via inges-
tion, inhalation, and dermal absorption might 
account for an increasingly large share of chil-
dren’s exposure to these chemicals. A study 
of preschool children in the United States 
found that indoor air and dietary sources 
were responsible for most exposures to PCBs 
(Wilson et  al. 2001). PCB concentrations 
in carpet dust may be a good predictor of 
indoor air concentrations because carpets act 
as a reservoir for continued volatilization, and 
chemicals absorbed to suspended particles 
can be inhaled (Butte and Heinzow 2002). 
Sources of PCBs in carpet dust, particularly in 
older homes, include paints, sealants, caulk-
ing, floor finishing products, and older light 
fixtures (Herrick et  al. 2004, 2007; Rudel 
et al. 2008).


Although PCB concentrations in carpet 
dust were associated with increased leukemia 
risk, PCB loadings were not. The loading incor-
porates the concentration and amount of dust 
collected per area of carpet sampled (i.e., con-
centration multiplied by the total dust collected 
per square meter of carpet) and is postulated to 
be a more accurate indicator of exposure for 
small children (Bradman et al. 1997; Lanphear 
et al. 1996). However, the amount of dust 
collected is likely to reflect recent vacuuming 
practices, and a single measurement of dust 
loading would not be reliable if there is a large 
variation in dust loading within a house or over 
time. Thus, incorporating the dust loading into 
the exposure metric may have introduced ran-
dom error and obscured concentration-based 
associations with risk.


Our exposure assessment method is 
a major strength of our study. We con-
ducted environmental sampling to measure 


concentrations of persistent organochlorine 
chemicals in the room in which the child 
spent the most time. Although it is desirable 
to do so, prospective or pretreatment expo-
sure measurements in blood samples are dif-
ficult to obtain because of the rarity of the 
disease and the very young age of most chil-
dren. Residential carpet dust sampling pro-
vides an alternative exposure assessment 
method that allows identification of individ-
ual compounds and is not subject to recall 
bias. Organochlorine pesticides and PCBs 
are known to persist in carpets, where they 
are protected from degradation by sunlight, 
moisture, and microbes, and most homes had 
detectable levels of these chemicals in the dust 
samples. Other strengths of our study include 
the rapid case ascertainment, population-based 
selection of controls, and high participation 
rates for the tier 2 interview.


A limitation of our study was the moder-
ate number of participants with HVS3 dust 
samples, particularly after stratifying by eth-
nicity, limiting our statistical power. Further, 
our study population was limited to those 
who had not moved since the diagnosis or ref-
erence date. If PCB and organochlorine con-
centrations were substantially different among 
those who were less residentially stable, our 
results may not be generalizable to the gen-
eral population. Another limitation, common 
to many case–control studies, was the lower 
response rates among controls compared with 
cases. Our population-based controls were 
previously shown to be comparable with all 
eligible controls with respect to maternal his-
tory of fetal loss, birth weight, birth order, 
and time since last live birth (Ma et al. 2004). 
In the present analysis, cases and controls in 
all ethnic groups were significantly different 
with respect to household income. However, 
income was not associated with PCB con-
centrations and was not a confounder in our 
analyses. Moreover, analyses stratified by 
income showed similar associations between 
PCB concentrations and ALL risk, providing 
some assurance that our findings were not 
caused by selection bias. The fact that we did 
not observe associations for other persistent 
organochlorine chemicals provides additional 
evidence against selection bias.


The positive association observed for 
PCBs and ALL could have been attributed 
to other chemicals in the home that were 
highly correlated with PCBs. Although we 
were able to rule out confounding by the 
organochlorine pesticides measured in this 
study, we did not measure concentrations of 
polybrominated diphenyl ethers (PBDEs), 
which have become common environmen-
tal contaminants because of their increased 
use as fire retardants since the 1970s. Several 
studies (Bradman et al. 1997; Furst 2006; 
She et al. 2007), including a cohort study 
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of Hispanic women with young children in 
Salinas County, California (Bradman 2007), 
found no correlation between PCB-153 and 
PBDE concentrations in maternal blood 
samples, suggesting different routes of expo-
sure for these classes of chemicals. However, 
future analyses of residential concentrations of 
organochlorine chemicals, PBDEs, and other 
pesticides will be informative.


In summary, we observed an increasing 
risk of ALL associated with increasing residen-
tial concentrations of PCBs. PCBs are consid-
ered probable human carcinogens and cause 
perturbations of the immune system. We 
found no evidence of a relationship between 
ALL risk and exposure to DDT, DDE, chlor-
dane, or pentachlorophenol. Additional stud-
ies are needed to further evaluate these highly 
suggestive findings.
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Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

[bookmark: _GoBack](Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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1.	 The Confirmation Cleaning Study concluded that “asbestos air sampling was 
a conservative method for determining if additional cleaning was required.”  
Given this conclusion and its supporting data in the Confirmation Cleaning 
Study and all other data sources, is the selection of asbestos as a surrogate 
for determining the risk from other contaminants supported?  Please provide 
a detailed response, explaining the reasoning for your yes or no answer. 


No. 


Assumptions inherent for selecting a substance as a surrogate for determining risk from 
other contaminants for a particular source of contaminants following cleaning of an area 
include at least: 1) the substance is present in the all of the distributed source material at a 
near uniform concentration ratio to other contaminants of concern; 2) the dispersion of 
the material does not cause a partitioning of surrogate and the contaminants of concern; 
3) the medium the surrogate is measured in reflects the amount of the contaminants in all 
of the media and locations where exposure could occur; and 4) the cleaning process is at 
least as effective and does not discriminate for the other contaminants compared to the 
surrogate. 


The Confirmation Cleaning Study can be used to evaluate assumption 4 and possible 3.  
It cannot be used to evaluate either assumptions 1 or 2 since it was limited to cleaning 
within a single building, so the results from that study are not representative of the 
material from the WTC disaster as a whole, but a relatively small subsection of the 
material.  Samples within a single building are also not useful for understanding whether 
there was partition of the source material while it was being dispersed.   


The Confirmation Cleaning Study examined series of contaminants of concern in the air 
and dust following a series of different cleaning protocols to determine whether each 
contaminant would be reduced to levels below its Health-Based Benchmark.  As 
indicated in our charge, the Confirmation Cleaning Document states that the PCMe 
asbestos air sampling was the most sensitive of the testing methods.  This statement is 
based on the number of times the air concentration for asbestos exceeded the Health-
Based Benchmark, causing additional cleaning compared to the other contaminants.  The 
report then states, within its Highlighted Box 7 in the Conclusion Section: “The study 
found that conducting asbestos sampling after cleaning could be used as a surrogate 
method for determining if future cleaning was needed” and presumable if the area would 
be below the Health-Based Benchmark suggested for all other contaminants.  However, 







lead in surface wipes exceeded the Health-Based Benchmark in the first post cleaning 
samples in Units 4D and 5A when the asbestos air samples did not.  Thus, if asbestos air 
levels were used as a surrogate in these two apartments, lead in dust would not had been 
adequately abated. The wipe and micro vacuum samples for asbestos did show decreases 
between the pre- and some, but not all, first post-cleaning samples. The cleanings do not 
remove all of the contaminants from the dust within the apartments, but by three 
cleanings, the air levels and the dust levels were below the Health-Based Benchmarks.   


Possible reasons for the asbestos air levels being acceptable but the lead dust levels still 
exceeding the Health-Based Benchmark is the exact mechanism for resuspension of the 
dust and the percent that is resuspended during the air sampling may discriminate across 
the particle distribution or spatially within the residence.  There may be sections of the 
residences from which the dust is not resuspended, which may have been sampled for the 
wipe sample.  Further, differences in the particle size and shape distributions for the 
different contaminants exist.  Asbestos is by definition >5µm with a minimum 5:1 aspect 
ratio, a different size and shape than the particles expected to contain lead and other 
contaminants.  These two size and shape particle groups may be made airborne to 
different degrees under the conditions of modified-aggressive air sampling. 


The Confirmation Cleaning Study compared the aggressive and modified aggressive air 
sampling procedures by measuring air concentrations in the same apartment prior to 
cleaning by first doing the modified aggressive and then the aggressive air sampling.  I 
strongly encourage that a single method be used throughout the cleanup.  Using different 
methods leaves open the possibility that community members will claim that the two 
methods produce different results and results of the modified aggressive method did not 
adequately evaluate whether the residence was clean, since the protocol currently 
suggests using the aggressive techniques when the occupants agree.  If EPA and the panel 
are convinced that the two methods are equivalent, as summarized in the Confirmation 
Cleaning Study, then I suggest that all homes be sampled under the modified aggressive 
method and this be designated in the SOP as the appropriate method, since the full 
aggressive method cannot be use for some occupied apartments without major movement 
of belongings. If the two methods are not considered equivalent then no sampling should 
be done under the modified aggressive method. 


As indicated above, one of the assumptions inherent in the choice of asbestos air 
sampling being used as a surrogate for other contaminants of potential concern, is the 
ratio of asbestos to those contaminants should be the same in dust from the WTC in all 
locations that the dust was distributed to throughout lower Manhattan.  There is concern 
that this may not be the case since asbestos was not used throughout the two buildings but 
rather was used as an insulator mainly in the North Tower up to the 40th floor (see, for 
example, Mount Sinai Pediatric Environmental Health Specialty Unit WTC Asbestos 
Fact Sheet). Thus, the debris created and the dust from the WTC would not be expected 
to be uniform for asbestos. In three samples of outdoor settled dust collected in close 
proximity to the WTC, within a week of the disaster, the levels of asbestos were 0.8, 0.8 
and 3.0%, a range of a factor of four (Lioy et al. Characterization of the Dust/Smoke 
Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after the 







Collapse of the WTC, EHP 110(7) 703-714, 2002). Due to the proximity of these 
samples to the WTC site they should be representative of the source material without 
discrimination by transport.  Further, the sample with the higher asbestos was collected 
within a block of one of the other samples and would be expected to originate from the 
same portion of the debris.  Table 1 provides the concentration and ratios to asbestos of 
several key contaminants in the two samples collected in close proximity.  The ratios 
differ between factors of 2 to >6 for these samples. 


Concentration and Ratios to Asbestos in Outdoor Dust Samples Near the WTC Site 
(Cherry St and Marker St are within one block of each other) (Lioy et al 2002) 


Cortlandt St Cherry Street Market Street 
Concentration Ratio to 


Asbestos 
Concentration Ratio to 


Asbestos 
Concentration Ratio to 


Asbestos 
Asbestos 0.8% - 0.8% - 3.0% -
Lead 142 µg/g 177 489µg/g 611 289 µg/g 96 
Flourene * 6.8 µg/g 8.5 2.6 µg/g 3.3 32.2 µg/g 10.7 
Total PAH 383 µg/g 479 218 µg/g 272 376 µg/g 125 
Dioxin 104 ng/kg 130 63ng/kg 79 103ng/kg 34 


Glass Fibers 40% 50 49% 61 37% 12 
*Flourene had the largest differences of the PAHs across the three sites. 
Cellulose makes up the difference in percent for these two samples 
Ratio taken without regard to differences in units 


The composition of the settled dust collected at various sites throughout lower 
Manhattan, suspected of having been impacted by the WTC disaster, did not contain a 
uniform amount of asbestos.  Differences in concentrations in these samples would 
reflect both differences in concentrations in the sources material and discrimination in 
particles during transport. The USGS evaluation of the asbestos distribution showed ‘an 
asymmetric distribution pattern.  More chrysotile was detected in the east-west direction 
than south… While there is a general trend, it is not exclusive, meaning that chrysotile 
was detected in all directions. It also should be noted that samples obtained next to each 
other (on the map this means a city block apart) can show different results: one has 
asbestos, another has no chrysotile above the detection limit.)’ (Clark et al, US 
Geological Survey, Open File Report OFR-01-0429 Environmental Studies of the World 
Trade Center area after the September 11, 2001 attack, http://pubs.usgs.gov/of/2001/ofr-
01-0429/). These results, which refer to the percentage of the material that was asbestos, 
indicate that differences in the ratio of other contaminants to asbestos will exist. Thus, at 
least one, if not both, of the first two assumptions on the validity of using asbestos as a 
surrogate for other compounds that are listed in the first paragraph of this response were 
violated. 


The use of asbestos as a surrogate for Synthetic Vitreous Fibers is questioned in the Final 
Report of the Public Health Investigation to Assess Potential Exposures to Airborne and 
Settle Surface Dust in Residential Areas of Lower Manhattan, September 2002, NYC 
DHMH and ATSDR-USDHHS on Page 27 where it states ‘Although the presences of 
asbestos in the dust seems to correspond to SVF, the absence of asbestos does not predict 
or correspond to a presence or absence of SVF in settled surface dust, in either indoor or 



http://pubs.usgs.gov/of/2001/ofr-01-0429/

http://pubs.usgs.gov/of/2001/ofr-01-0429/





outdoor areas of lower Manhattan.’ In Table 6 of that report, asbestos was found in 12 
(18% of the locations sampled) while SVF was found in 26 (46% of the locations 
sampled) residences.  Thus, monitoring of asbestos will not provide documentation that 
there is not potential health risk from SVF.  In The USEPA Region II World Trade 
Center Residential Dust Cleanup Program Draft Final Report, March 2004, ‘the rate of 
exceedance of the health-based benchmarks for airborne asbestos (PCMe) was very low; 
approximately 0.4% of the asbestos samples exceeded the health-based benchmark.  On a 
residence-basis, the cleanup program was successful in achieving the health-based 
benchmark for asbestos (PCMe) after the first cleaning approximately 99% of the time.  
… (for) lead wipe samples, approximately 14% of the pre-cleanup samples exceeded the 
HUD screening level of 25 µg/ft2, while approximately 3% of the post-cleanup samples 
exceeded the screening level ….  The cleanup program was successful in reducing the 
average dust lead loading in 31 of the 36 residences to below the 25 µg/ft2 screening 
level, a success rate of approximately 86%. … The cleanup program reduced the average 
dust lead leading in 21 out of the 23 residences, a success rate of approximately 91%.’  
Since the success rate for asbestos was higher than for lead and asbestos was below the 
Health-Based Benchmark after the first cleaning in all cases for this report, but lead was 
not, using asbestos as a surrogate would result in residences not being cleaned to the 
Health-Based benchmark for lead in dust for a variety of residences in lower Manhattan. 


2.	 Do other contaminants that were measured in the Confirmation Cleaning 
Study provide equally good or better surrogates for determining the risk 
from other contaminants?  If yes, please describe in detail which 
contaminants you would consider and why.  If no, provide justification for 
your response. 


Yes. 
As discussed in response to charge 1, whether lead in settle dust presented a health risk 
was not adequately represented by asbestos air concentrations.  It is not clear from the 
data whether this is because the particles containing lead and asbestos are not 
resuspended in an identical manner, more of the dust needs to be cleaned to reach the 
lead Health-Based Benchmark in dust than was needed to reach the air asbestos Health-
Based Benchmark, or if there were areas in the residence that were not cleaned 
adequately but were not resuspended yet were sampled by the wipe sample.  I therefore 
suggest that in addition to the asbestos air sample, a wipe sample for lead also be 
analyzed to validate whether the residence has been cleaned sufficiently to reduce the risk 
to all contaminants of concerned in both media: air and dust. 


A second consideration is there were dust samples from the WTC that do not contain 
asbestos but do contain other contaminants of concern.  It is not clear whether lead in 
dust would be an adequate surrogate when asbestos is not present as lead in dust comes 
from many sources and may not be indicative of WTC material.  It may be necessary to 
have an additional surrogate for air samples since asbestos has not been at measurable 
quantities in all locations where dust from WTC appears to have been deposited (see 
response to Charge 3 for one possible selection). 







  Rather than a different surrogate, I suggest that two additional species be measured.  
The first is the lead in the dust through a wipe sample.   


3. Do the reviewers know of any other contaminants associated with the World 
Trade Center that were not included in the COPC document or the Confirmation 
Cleaning Study that may serve as a surrogate for determining the risk from other 
contaminants?  If so, please provide the details regarding these contaminants and 
the reasons why they should be considered.  Provide citations for any references 
mentioned, and/or submit hard copies of the referenced documents. 


As a significant portion of the dust and air samples collected from lower Manhattan 
(outdoor 57%, Common areas 81%, Residential 82% - Table 6 and Figure 7 – Final 
Report of the Public Health Investigation to Assess Potential Exposures to Airborne and 
Settled Surface Dust in Residential Areas of Lower Manhattan, NYCDHMH and 
ATSDR-USDHHS, September 2002 and from http://www.epa.gov/wtc/bulkdust/) had 
non-detectable levels of asbestos but were in the area impacted by WTC dust.  Thus, 
asbestos does not serve as and adequate surrogate for the presence of WTC dust in all 
locations of lower Manhattan It is therefore, advisable to have an additional surrogate to 
indicate the presence of WTC dust that might require cleaning to reduce the levels of 
contaminants of concern.  It is not clear whether lead in dust, the proposed addition made 
in response to Charge 2, would be an adequate surrogate as it could be present in dust 
from many other sources and may not be indicative of WTC material.  One of the 
substances present in sample of WTC dust in high concentrations is glass fibers (Lioy et 
al. 2002) (not fiber glass or SVC). Glass fibers were produced as a result of the 
shattering and subsequent grinding of all material during the collapse of the building.  
The expected prevalence of glass fibers in the dust resulted from the entire outside of the 
buildings being covered by glass windows (600,000 sq feet of glass, Table 1 Final Report 
of the Public Health Investigation to Assess Potential Exposures to Airborne and Settled 
Surface Dust in Residential Areas of Lower Manhattan, NYCDHMH and ATSDR­
USDHHS, September 2002).  Glass fibers are not expected to be prevalent elsewhere, as 
large amounts of glass are not ground fine enough to produce fibers under most 
conditions. Glass fibers therefore have the potential to be an indicator of the presence of 
WTC materials. Its health concern is not clearly known, though glass fibers may have 
been implicated in irritation of the respiratory tract under heavy load conditions for adults 
and the “WTC Cough”. Whether there are additional concerns at lower concentrations in 
sensitive individuals (elderly and children) are unknown. 
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Good afternoon Chairman Nadler, Ranking Member Franks, and other members of the


Constitution, Civil Rights, and Civil Liberties Subcommittee. Thank you for this opportunity to


present testimony. My name is David Newman. I am an industrial hygienist with the New


York Committee for Occupational Safety and Health (NYCOSH). NYCOSH is a non-


governmental, non-profit organization that has provided technical assistance and


comprehensive training in occupational safety and health to unions, employers, government


agencies, and community organizations for over 25 years


The attacks of September 11, 2001 produced not only an initial catastrophic loss of life at the


World Trade Center (WTC) site, but also a lingering environmental disaster, with adverse


health consequences for responders at Ground Zero as well as for workers and residents in


a much larger geographic area. Because we may unfortunately be faced with a similar


situation again, it is imperative to examine and learn from government efforts to protect


public and worker health in 9/11 response efforts.


Since the tragic events of September 11, 2001 and continuing to this day, NYCOSH, in


partnership with the National Disaster Ministries of the United Church of Christ, has worked


closely with unions, employers, and community and tenant organizations at Ground Zero and


throughout Lower Manhattan. This work has included outdoor and indoor environmental


sampling, technical assistance with the design or evaluation of sampling, cleanup, and re-


occupancy protocols, and with mechanical ventilation and filtration issues. Within days of


9/11, NYCOSH produced and distributed the first fact sheets describing respiratory hazards


at Ground Zero and outlining appropriate respiratory protection. We provided technical


assistance to unions at, under, and around Ground Zero. NYCOSH, in collaboration with the


Queens College Center for the Biology of Natural Systems and the Latin American Workers


Project, operated a mobile medical unit near Ground Zero which provided medical
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screenings to hundreds of immigrant day laborers engaged in the cleanup of contaminated


offices and residences. We also provided respirators to these cleanup workers, along with


changeout filter cartridges, fit-testing, and training proper respirator use. NYCOSH also


trained additional hundreds of Lower Manhattan workers about 9/11-related occupational and


environmental health issues. NYCOSH continues to work closely with the medical centers of


excellence and with unions, employers, and tenant and community organizations to ensure


that their constituents are informed about and have access to appropriate health care for


9/11 health conditions.


In addition, I had the privilege of serving on the U.S. Environmental Protection Agency (EPA)


World Trade Center Expert Technical Review Panel. I also served on the Exposure


Assessment Working Group of the World Trade Center Worker and Volunteer Medical


Screening Program and on the Advisory Board of Columbia University’s Mailman School of


Public Health World Trade Center Evacuation Study. I currently serve on the Community


Advisory Committee of the World Trade Center Environmental Health Center at Bellevue


Hospital and on the Labor Advisory Committee of the New York City Department of Health


and Mental Hygiene’s World Trade Center Health Registry.


My testimony will focus on three issues:


1. Whether the data available to EPA and the Occupational Safety and Health


Administration (OSHA) at the time of the 9/11attacks and during subsequent recovery


operations indicated a potential for elevated risk to human health from environmental


exposures;


2. Whether the actions of EPA and OSHA were consistent with regulatory requirements


for risk assessment and protection of human health; and 


3. Whether harm to human health occurred, and whether this harm was avoidable. 


NYCOSH is well situated to comment on these issues. In addition to our 9/11 efforts, we


have provided training and technical assistance on respiratory protection, hazard
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assessment and control, confined space entry, and hazardous waste operations and


emergency response, among other topics, to employers, unions, government agencies, and


community-based organizations for several decades, often in collaboration with OSHA, the


National Institute for Occupational Safety and Health (NIOSH), the National Institute for


Environmental Health Sciences (NIEHS), the New York State Department of Labor, the New


York City Department of Environmental Protection, and the New York City Department of


Health and Mental Hygiene.


1. What data were available to EPA and OSHA at the time of the 9/11 attacks and


during subsequent recovery operations? Did these data indicate a potential for


elevated risk to human health from environmental exposures?


Although the chemical composition and extent of dispersion of WTC dust remain poorly


characterized, the current scientific literature is unambiguous as to its general character and


scope. Contaminants were dispersed over a wide area of Lower Manhattan and Brooklyn,


and for “miles beyond.” Hundreds of contaminants have been identified in air, dust, and bulk


samples.  Toxic contaminants of concern include asbestos, PCBs (polychlorinated1,2,3


biphenyls), PAHs (polycyclic aromatic hydrocarbons), manmade vitreous fibers, dioxins,


volatile organic compounds, crystalline silica, pulverized glass shards, highly alkaline


concrete dust, and lead, mercury, and other heavy metals. 


The question, however, is what did EPA and OSHA know and when did they know it?


1.A. Credible, substantive data that indicated the presence of toxic substances in 


significant quantities at the WTC site were readily available to government 


agencies prior to and on September 11, 2001.


Prior to and on 9/11, information on the documented presence of toxic substances at the


WTC site was available in government databases that itemize storage of hazardous raw 
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materials, as per the hazardous chemical storage reporting requirements of the federal


Emergency Planning and Community Right to Know Act.  These data, readily available at the4


time, indicated at a minimum the probable presence of barium, lead, chloroform, chlordane,


carbon tetrachloride, cadmium, chromium, mercury, hydrogen sulfide, arsenic, and other


toxic raw materials at the offices of the United States Customs Service, 6 World Trade


Center, and of mercury, tetrachloroethylene, PCBs, arsenic, ethane, and other toxic raw


materials at the offices of the Port Authority of New York and New Jersey, 1 World Trade


Center. The purpose of the hazardous raw materials databases is precisely to facilitate safe


emergency response and effective containment and cleanup in the event of an unanticipated


chemical release.


Additional information on hazardous in-place building materials and office furnishings was


widely known in the regulatory and public health communities. Knowledge and use of this


information was a prerequisite to appropriate preliminary risk assessment, design of safe and


effective work methods, and selection of protective equipment, including respirators.


An estimated 400 or more tons of asbestos had been utilized in sprayed-on fireproofing


during the construction of the WTC towers.  Additional unknown amounts of asbestos-5,6


containing material were used in pipe insulation. The extensive use of asbestos at the WTC


site was well documented prior to September 11, 2001. In 1971, while the WTC was still


under construction, New York City passed Local Law 49, which banned the use of sprayed-


on fireproofing that contained asbestos, effective February 25, 1972. Application of structural


fireproofing at the WTC continued with non-asbestos-based materials.  The 1993 bombing of7


the WTC again raised the issue of inadvertent releases of WTC asbestos during disaster


events, and some WTC asbestos was abated (removed). Thus, the regulatory agencies were


without doubt cognizant of the potential for the release of hundreds of thousands of pounds


of asbestos into the ambient air during the collapse of the WTC towers on September 11,


2001.
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Further essential, albeit imprecise, information about the potential for the release of


additional toxic substances should have been intuitive to any environmental or occupational


health professional. 


For example, computers and computer components contain significant amounts of lead.  It8


can be conservatively estimated that there were greater than 10,000 personal computers in


the WTC complex, each containing four or more pounds of lead, as well as numerous


mainframe computers and servers. Consequently, it is likely that at least 40,000 pounds of


lead were released into the general environment on 9/11, and very possibly a substantially


larger amount.


Similarly, fluorescent light bulbs contain tiny but environmentally significant amounts of


mercury.  Estimates of the amount of mercury in a single bulb range from 3 milligrams to 219


milligrams. The Port Authority acknowledges the presence of 500,000 fluorescent light bulbs


in the WTC complex.  It is therefore possible that the amount of mercury released from10


fluorescent light bulbs only (and not including additional sources of mercury such as electric


switches) ranged from 3 to 23 pounds. This is the approximate equivalent of 8% of the total


daily mercury emissions from all coal-fired utility boilers in the United States or 26% of the


daily mercury emissions from all municipal waste incinerators.11


1.B. Environmental sampling results obtained by government agencies subsequent


to September 11 indicated the presence of toxic substances at levels of concern


at Ground Zero as well as at other locations in Lower Manhattan, both outdoors


and indoors.


Early environmental sampling data obtained by EPA confirmed that asbestos was a


constituent of WTC dust, at levels of concern. The EPA website posted data for 143 bulk


samples of dust collected in Lower Manhattan, outside of the 16-acre collapse site. Asbestos


was detected in 76% of the samples. Twenty-six percent of the samples contained asbestos
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at levels between 1.1% and 4.49%, i.e., at levels between 110% and 449% of the level at


which legal requirements are triggered. Most of EPA’s outdoor air samples found relatively


low concentrations of asbestos or no asbestos above the detection limit of the sampling, but


the EPA website listed at least 25 12-hour samples, obtained at 10 separate locations, that


exceeded the EPA clearance standard established under the Asbestos Hazard Emergency


Response Act, the benchmark that EPA was using for 9/11 asbestos measurements.


Additionally, 12 of 21 personal air samples obtained in September 2001 by the U.S. Public


Health Service from workers sifting WTC debris at the Staten Island landfill exceeded the


OSHA Permissible Exposure Limit for asbestos.  Sixty percent of asbestos air samples12


collected at Ground Zero by the International Union of Operating Engineers’ National Hazmat


Program exceeded the EPA clearance standard established under the Asbestos Hazard


Emergency Response Act, the benchmark that EPA was using for 9/11 asbestos


measurements.  Twenty-seven percent of 177 bulk samples initially collected by EPA and13


OSHA at Ground Zero were greater than 1% asbestos, the level at which legal requirements


are triggered.  Early independent air monitoring in two Lower Manhattan apartments found14


significantly elevated indoor levels of asbestos, including results 2 to 5 times the EPA 9/11


asbestos clearance level in one apartment and 89 to 151 times the clearance level in the


other apartment.15


EPA test results for outdoor sampling for dioxin showed “unambiguous elevation” when


compared to typical urban background levels. An EPA report noted:


the concentrations to which individuals could potentially be exposed . . . within and near the W TC 


site found through the latter part of November are likely the highest ambient concentrations that 


have ever been reported. [emphasis added]
16


These findings indicated that workers and residents who returned to areas that were


reopened to the public as safe one week after 9/11 were potentially exposed to


concentrations of dioxin “nearly 6 times the highest dioxin level ever recorded in the U.S.”


The findings also indicated that the dioxin concentrations to which rescue and recovery
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workers were potentially exposed were between 100 and 1,500 times higher than the levels


of dioxin typically found in urban air.17


In another example, benzene was detected at Ground Zero in 57 of 96 air samples, at levels


from 5 to 86,000 parts per billion (ppb). (The OSHA permissible exposure limit (PEL) for


benzene exposure averaged over 8 hours is 1,000 ppb. The OSHA short term exposure limit


(STEL) for benzene exposure averaged over a 15 minute period is 5,000 ppb.) 


Even during November, readings exceeded the OSHA levels in half the tests conducted. . . .


On November 8, an EPA grab sample at the North Tower plume detected 180,000 ppb of 


benzene–180  times above [sic] the OSHA limit. Even as late as January 7, benzene 


readings were as high as 5,300 ppb.18


The United States Geological Survey (USGS) reported the results of its WTC environmental


studies to government response teams as early as September 18, 2001. USGS found that


steel beams from the WTC site were coated with fireproofing containing chrysotile asbestos


at concentrations up to 20%. It reported that in the “area around the WTC . . . potentially


asbestiform minerals might be present in concentrations of a few percent to tens of percent”


and may occur “in a discontinuous pattern radially in west, north, and easterly directions


perhaps at distances greater than 3/4 kilometer from ground zero.” USGS also found that


WTC dusts “can be quite alkaline,” reaching a pH of 11.8. The agency warned government


response teams that “cleanup of dusts and the WTC debris should be done with appropriate


respiratory protection and dust control measures.”19


2. Were the actions of EPA and OSHA consistent with regulatory requirements for


risk assessment and protection of human health?


Multiple federal statutes have applicability to the protection of public health and occupational


health during catastrophic environmental emergencies. The applicability of statutory


requirements to disaster response efforts and to subsequent cleanup operations and the


uses of agency discretionary power in the application of legal standards are central to
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assessing governmental response to 9/11.


2.A. EPA is clearly required to protect the public health against exposure to toxic 


environmental contaminants associated with catastrophic disasters.  


EPA has legal authority and responsibility to respond to a hazardous substance release that


presents or has the potential to present an imminent and substantial danger to public health.


EPA is required to assume lead authority with regard to issues of environmental health by the


National Contingency Plan, the National Response Plan, and Presidential Decision Directive


62 of 1998. 


The National Emissions Standards for Hazardous Air Pollutants (NESHAPS), section 112 of


the Clean Air Act, establishes standards for air pollutants that may cause fatalities or serious,


irreversible, or incapacitating illness.  Hazardous air pollutants regulated under the Clean20,21


Air Act are also regulated as hazardous substances under the Comprehensive


Environmental Response, Compensation, and Liability Act (CERCLA), known as Superfund.


The National Contingency Plan (NCP), part of CERCLA, is the federal plan for responding to


hazardous substance releases. The NCP assigns the authority to respond to the release of


hazardous substances to EPA. In the event of a hazardous release, the NCP requires that


the release site be assessed to characterize the source and type of the release, the


pathways of exposure, and the nature and magnitude of the threat to public health. In


addition, EPA is authorized to “enter any vessel, facility, establishment or other place,


property, or location . . . and conduct, complete, operate, and maintain any response actions.


…” Further, “the NCP applies to and is in effect when the Federal Response Plan and some


or all of its Emergency Support Functions (ESFs) are activated.” 22


The National Response Plan (NRP) mandates a comprehensive response to terrorism


incidents. (The Federal Response Plan  preceded the National Response Plan, was in effect23


on September 11, 2001, and was substantively similar to the NRP.) The NRP establishes
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protocols to protect the health and safety of the public, responders, and recovery workers.


National Response Plan Emergency Support Function #10, the Oil and Hazardous Materials


Response Annex, assigns explicit responsibility to EPA as both the primary agency and the


emergency support function coordinator in response to an actual or potential discharge or


uncontrolled release of hazardous materials.24


Presidential Decision Directive (PDD) 62 names EPA as the lead agency for responding to


the release of hazardous materials in a terrorist attack and gives EPA specific responsibility


for indoor remediation.   Shortly after 9/11, then–EPA Administrator Christine Whitman25,26


confirmed EPA’s responsibility under PDD 62: "Under the provisions of PDD 62 . . . EPA is


assigned lead responsibility for cleaning up buildings and other sites contaminated by


chemical or biological agents as a result of an act of terrorism."  27


2.B. EPA’s response actions were not consistent with its legal obligations to protect


the public health against exposure to outdoor and indoor toxic environmental 


contaminants associated with a catastrophic disaster.


EPA’s 9/11 response efforts were predicated on the agency’s contention that environmental


regulations were not applicable to natural or technological disasters or to terrorist incidents.28 


EPA minimized the issue of hazardous waste and chose not to consider the WTC site as


either a Resource Conservation and Recovery Act (RCRA)  hazardous waste site or a29


Superfund site, even though the collapse and combustion of the WTC “must have released


chemicals orders of magnitude times the reporting thresholds.”  According to an EPA30,31


senior policy analyst, this was the first major chemical or hazardous waste release in 20


years for which EPA did not conduct a site characterization for environmental hazards and


risks.  In addition, the agency did not ensure that clearance tests were conducted at the32


conclusion of the waste and debris removal project to confirm that environmental


contaminants had been effectively removed from the WTC site, and no such tests were


conducted.33
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For eight months after 9/11, EPA contended that it had no legal responsibility for assessing


or addressing indoor environmental contamination.  Indoor environmental testing and34,35


remediation in common spaces were left to building owners; testing and remediation of


private spaces were left to commercial and residential tenants.  Because government36,37


financial assistance, reoccupancy guidelines, oversight, and enforcement were not provided,


private environmental sampling and remediation efforts occurred only on an occasional,


haphazard, limited, and often ineffectual basis. The single government-sponsored indoor


cleanup effort that ultimately took place, EPA’s 2002-2003 “test or clean” program, was


modest, non-mandatory, limited to residences, and of questionable effectiveness and


scientific and technical merit. Only 18% of eligible downtown apartments were cleaned or


tested.  Approximately 1,500 Lower Manhattan buildings were excluded, including all38


schools, hospitals, firehouses, workplaces, businesses, and commercial and government


buildings—even City Hall. Most of Chinatown and other impacted communities were also


excluded. The failure of EPA to require or even encourage indoor environmental


assessments, and cleanup where warranted, in commercial and government buildings,


coupled with the agency’s limited and inadequate sampling and cleanup in residential


spaces, is likely to have subjected area workers and residents to unnecessary and avoidable


exposures.


EPA provided limited, and sometimes incorrect and hazardous, technical guidance to the


impacted public. EPA press releases counseled residential and business tenants to clean


their indoor spaces using “appropriate” equipment, following “recommended” and “proper”


procedures, without defining these terms.  EPA’s technical advice sometimes contradicted39


regulatory requirements and even common sense. In one instance EPA advised that “if dust


or debris from the World Trade Center site has entered homes or offices, people should be


sure to clean thoroughly and avoid inhaling dust while doing so.”  The same press release40


referred readers to the website of the New York City Department of Health for further


technical guidance. That website advised “residents and workers returning to homes and


offices in Lower Manhattan” to clean up WTC dust (i.e., asbestos and other toxic substances,
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in many cases) with wet rags and HEPA vacuum cleaners, in violation of federal and city


regulations. It further advised that respiratory protection was not necessary so long as these


“guidelines” were followed.  The report of the EPA Inspector General ultimately concluded41


that advice such as this “may have increased the long-term health risks for those [tenants]


who cleaned WTC dust.”42


EPA’s public statements mischaracterized or ignored sampling results. Its September 18


announcement that the “air is safe to breathe”  was not supported by the available data.43 44


EPA risk communication statements were altered to conform to political directives from the


White House. “Guidance for cleaning indoor spaces and information about the potential


health effects from WTC debris were not included in EPA’s issued press releases. . . .


Reassuring information was added . . . and cautionary information was deleted” after


intervention by the White House Council on Environmental Quality.  Other government45


agencies also issued inaccurate risk communication statements. EPA’s unsupported


assurances of lack of risk had the unfortunate effect of giving a green light to employers and


workers not to use respiratory protection and to landlords, employers, and government


agencies that remediation of contaminants was not necessary.


2.C. OSHA is clearly required to ensure that workers are protected against avoidable


harmful exposures at their places of employment, including workers engaged in 


disaster rescue and recovery efforts.


OSHA in general is legally mandated to “assure safe and healthful working conditions for


working men and women,” in part by “providing an effective enforcement program.”46


Specifically, OSHA is legally mandated to enforce standards that limit worker exposure to


toxic and hazardous substances;  afford workers workplaces “free from recognized47


hazards”;  require assessment of the hazards to which workers may be exposed;  require48 49


the use of appropriate respiratory protection against “occupational diseases caused by


breathing air contaminated with harmful dusts, fogs, fumes, mists, gases, smokes, sprays, or
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vapors;”  protect worker safety and health at cleanup operations involving hazardous50


substances at uncontrolled hazardous waste sites;  and protect the health of workers’51


families by preventing transport home of hazardous chemicals and substances on workers’


clothing.52


2.D. OSHA’s response actions were not consistent with its legal obligations to


protect workers against avoidable harmful exposures at their places of


employment, including disaster and recovery efforts.


The OSHA Respiratory Protection Standard requires that employers provide respirators,


training, fit-testing, and medical evaluation when “necessary to protect the health of the


employee.”  OSHA did not enforce the Respiratory Protection Standard, nor was it able to53


assure effective respiratory protection for workers in the absence of enforcement. The


percentage of workers “on the pile” observed to be wearing respirators ranged from 20 to 50


percent; the percentage of immigrant day laborers and unionized building maintenance


workers who wore respirators while cleaning up dust and debris outside Ground Zero was


virtually zero.  As a result, tens of thousands of workers suffered avoidable and illegal54,55


exposures to highly toxic contaminants, including a robust array of carcinogens. Many are


today experiencing persistent, disabling respiratory illnesses, and some are dying.


The OSHA Hazardous Waste Operations and Emergency Response (Hazwoper) Standard is


“arguably the most proactive standard for protecting workers during disasters.”  Hazwoper56


provides an integrated framework for chemical spill and disaster response through


requirements for site characterization and analysis, worker training and qualification, worker


protection, environmental and medical monitoring, handling of hazardous waste, and


emergency preparedness and response. Hazwoper is routinely invoked in less hazardous


situations. For example, EPA-required removals of leaking underground fuel storage tanks


are conducted in accordance with Hazwoper.  Even though the WTC site contained leaking57


fuel storage tanks, as well as myriad additional chemical releases, the Hazwoper standard
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was “purposely and thoroughly avoided during the rescue and recovery operations at Ground


Zero.”58


OSHA and other agencies allowed the rescue phase to be artificially prolonged for 10


months  even though building collapse victims who are not extricated within 12 to 48 hours59


have a very low survival rate, which declines to virtually zero after 4 days.  The60,61


inappropriately extended rescue phase facilitated government avoidance of responsibility and


enforcement.


OSHA asserted that the Federal Response Plan required it to emphasize “consultation,


guidance, and technical assistance.”  However, the FRP did not exclude enforcement. The62


problem with the consultation approach was not that it was inappropriate but rather that it


was ineffective. OSHA chose to operate under a zero enforcement policy which ultimately


facilitated rapid debris removal at the expense of protection of worker health. At no time did a


collaborative approach preclude enforcement where appropriate, apart from the initial hours


and days when rescue of live victims was theoretically possible. In fact, as EPA has pointed


out, OSHA standards are “applicable in catastrophic emergencies. . . . There are no


exemptions for emergencies in the [OSH] Act.”  Moreover, because the inadequacy of63


respiratory protection at the site was self-evident and prolonged, federal and city agencies,


including FEMA and NYC Department of Health, as well as unions, repeatedly requested


OSHA enforcement, to no avail.


(Although OSHA has argued that it used discretionary authority when it opted for non-


enforcement at Ground Zero, automatic non-enforcement in disaster response is now official


OSHA policy, as codified in its 2003 National Emergency Management Plan. )64


3. Did exposure to WTC-derived contaminants result in harm to human health, and


was this exposure and harm avoidable?
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Within days of the attacks, EPA declared Lower Manhattan’s air “safe to breathe”  and65


OSHA announced that “it is safe for New Yorkers to go back to work.”  EPA maintained until66


recently that “short-term health effects dissipated for most once the fires were put out [and]


there is little concern about any long-term health effects.”  Unfortunately, there is67


considerable evidence to the contrary. It is now well-established that a large and increasing


number of people who were exposed to 9/11 contaminants, primarily rescue and recovery


workers but also area workers and residents, are suffering serious and persistent adverse


health outcomes.


The incidence and persistence of 9/11-induced respiratory illness among response workers


and area workers is extensively documented in the scientific literature, including among


rescue, recovery, and service workers,  firefighters,68,69 70  ,71,72,73 transit workers,  and immigrant74


day laborer cleanup workers at buildings outside Ground Zero.  Although there is no75


question that, in general, those working on the pile experienced more severe exposures and


health impacts than did community residents, students, and workers, it is of note that


adverse health impacts have also been documented among these latter groups.       76,77,78,79,80


 


Because Ground Zero workers and other exposed populations may have been exposed at


varying levels to a robust array of carcinogens, including asbestos, dioxins, silica, benzene,


PAHs, and PCBs, there is concern for the potential development of late-emerging cancers.81


It as yet unknown whether or when 9/11-derived exposures will produce late-emerging


diseases, but it is prudent and scientifically appropriate to anticipate the possibility. While the


latency period for solid tumors is 10 to 50 years, the latency period for hematolgic and


lymphatic malignancies can be as short as 4 to 5 years.  Although neither the World Trade82


Center Medical Monitoring Program nor the scientific literature has yet reported the


occurrence of 9/11-related cancers, the Monitoring Program has begun the process of


verification of self-reported cases among responder and recovery worker patients.83
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We now know that there is an association between the chronology of firefighters’ 9/11-related


exposures and the severity of their adverse health effects; i.e., those caught in the dust cloud


and/or those responding at the WTC site in the first hours or days tend to have higher


incidences and greater severities of health impacts. Presumably, the intensity and duration of


exposure and the lack of access to appropriate respiratory protection were significant factors


in this association. These early exposures were unavoidable. However, the failure of OSHA


to effectively require the use of respiratory protection by recovery and cleanup workers at


and around Ground Zero, and the failure to enforce clearly applicable OSHA standards, such


as the Respiratory Protection and the Hazwoper Standards, subjected workers to


unnecessary and avoidable exposures, with the result that many are now experiencing


persistent, disabling respiratory illnesses. Similarly, the failure of EPA to provide, require, or


even encourage indoor environmental assessments, and cleanup where warranted, in


commercial and government buildings, coupled with the agency’s limited and inadequate


sampling and cleanup in residential spaces, is likely to have subjected area workers and


residents to additional unnecessary and avoidable exposures.


Thank you for your concern about these issues.
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EXECUTIVE SUMMARY 


In its role as an Environmental Consultant, the Louis Berger Group, Inc. (Berger) was retained 
and authorized by the Lower Manhattan Development Corporation (LMDC) to conduct an Initial 
Building Characterization Study (the Study) at the building located at 130 Liberty Street (the 
Building), which is scheduled for cleaning and deconstruction.  The Building is a 40-story, 
approximately 1.4 million square foot (SF) office building, with two basement levels, located in 
Lower Manhattan, one block south of the World Trade Center (WTC) site.  Until 1999, the 
Building, which was built between 1973 and 1974, was owned by the Banker’s Trust 
Corporation.  In 1999, Deutsche Bank acquired the Building and owned it until August 31, 2004, 
when it was sold to LMDC. 


The events of September 11, 2001, which caused the destruction of the WTC Towers, physically 
destroyed portions of the interior and exterior of the Building and exposed it to a combination of 
soot, dust, dirt, debris, and contaminants.  Deutsche Bank, the owner of the Building on 
September 11, 2001, disputed with its property insurance carriers about the extent of the damage 
to the Building, and whether or not it could be reoccupied.  Deutsche Bank took the position that 
the damage to the Building was so severe and the contamination so extensive that the Building 
could not be reoccupied and thus must be demolished and replaced.  The insurance carriers took 
a contrary stance that the Building’s damage and contamination were similar to other buildings 
in the area and as such could safely and effectively be cleaned and reoccupied.  The differences 
in opinion between Deutsche Bank and its insurers led to litigation.  In preparation for litigation, 
both Deutsche Bank and its insurers performed environmental investigations of the Building to 
determine the nature and extent of the contamination. 


In late 2003, Governor George Pataki appointed Senator George Mitchell to mediate the dispute 
between Deutsche Bank and its insurance carriers in order to progress with the planned WTC 
Memorial and Redevelopment Plan.  With the support and assistance of LMDC, Senator 
Mitchell resolved the dispute, which allowed LMDC to acquire the Building in anticipation of its 
cleaning and deconstruction, with a commitment by Deutsche Bank’s insurers to cover any 
required costs in excess of an agreed upon amount.  The Building, as part of the WTC Memorial 
and Redevelopment Plan, is scheduled for cleaning and methodical deconstruction. 


To ensure a safe and timely cleaning and deconstruction effort, LMDC retained Berger to 
perform an independent environmental investigation of the Building.  The investigation included 
the inspection, sampling, and analysis of suspect asbestos-containing materials (ACM) and 
potentially contaminated dust, as well as visual observations of the presence of mold on exposed 
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surfaces.  Because LMDC was not the owner of the Building prior to August 31, 2004, the initial 
investigation was limited to the accessible portions of the Building. 


The results of the sampling and testing performed for this Initial Building Characterization Study 
revealed levels of contaminants that must be addressed in the deconstruction of the Building.   


Approximately 2,000 bulk samples of suspect building materials were collected and analyzed for 
asbestos using the Polarized Light Microscopy (PLM) and/or Transmission Electron Microscopy 
(TEM).  The majority of samples tested negative for asbestos, including spray-on fire-proofing, 
wall-board, roofing materials, and most thermal insulation for piping and ducts.  Other building 
materials tested contained greater than one percent asbestos and are considered ACM.  
Altogether, an approximate total of 155,000 SF of flooring and wall materials and 95,000 linear 
feet (LF) of caulk, insulation, and sealant materials were identified as ACM. 


The dust was sampled throughout the Building and analyzed for five Contaminants of Potential 
Concern (COPCs) designated by the United States Environmental Protection Agency (EPA) as 
being associated with WTC dust (i.e., asbestos, dioxins, lead, polycyclic aromatic hydrocarbons 
(PAHs), and crystalline silica), as well as other contaminants suspected of being present in the 
Building, including polychlorinated biphenyls (PCBs) and heavy metals (barium, beryllium, 
cadmium, chromium, copper, manganese, mercury, nickel, and zinc). 


A total of 815 bulk samples of the settled dust were collected and analyzed at a laboratory via 
PLM analysis.  The PLM analysis is specified by the EPA, the New York City Department of 
Environmental Protection (NYCDEP), and the New York State Department of Labor (NYSDOL) 
for quantifying asbestos in bulk dust samples.  Although trace amounts of asbestos were 
identified in some of the samples, there were no samples that contained greater than one percent 
asbestos via PLM analysis.  


In addition to PLM testing, the Study also included TEM analysis of the dust for asbestos.  The 
EPA (AHERA) and New York State Department of Health (NYSDOH) recognize TEM to be a 
more precise methodology; PLM is not the best analytical technique available to determine 
concentrations of asbestos fibers in WTC dust.  Friable WTC dust in concentrations less than or 
equal to 1% asbestos still have a significant potential to generate elevated airborne 
concentrations when disturbed.  Forty supplemental screening samples of the settled dust were 
collected from porous and non-porous surfaces and analyzed for asbestos using TEM.  The 
results revealed detectable levels of asbestos that must be addressed in the deconstruction of the 
Building.  The highest concentrations of asbestos were identified in the first and second floors, 
fifth floor mechanical room, and 40th/41st floor mechanical room.     
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In addition to the asbestos samples, 844 bulk samples of the settled dust were also analyzed for 
four other COPCs designated by the EPA as being associated with WTC dust (i.e., dioxins, lead, 
PAHs, and crystalline silica), as well as other contaminants suspected of being present in the 
Building, including PCBs and heavy metals (barium, beryllium, cadmium, chromium, copper, 
manganese, nickel, zinc, and mercury).  The results revealed detectable levels of these 
contaminants that must be addressed in the deconstruction of the Building.   


Detectable levels of silica, PAHs, dioxins, PCBs, and heavy metals, including mercury were 
identified in dust above and below the suspended ceilings (with the area above the suspended 
ceilings also being referred to as the “plenum”).  The levels of the contaminants in the dust 
samples vary throughout the Building.  These findings are consistent with studies conducted 
previously by others revealing the highly variable nature of contaminant levels in WTC dust.  
The variations in contaminant levels found are consistent with the level of disturbance that has 
occurred within the Building since September 11, 2001, including the cleaning of the “Gash 
Area.”    


The EPA has published residential background levels (estimated pre-existing levels) and 
residential benchmark levels (potential health-based cleanup target levels) for many of these 
contaminants in WTC-related reports.  While these levels are not directly applicable to a 
commercial deconstruction project, these studies can be used to put the results of this Study into 
relative context.  The specific analytes consistently found at levels above the available criteria 
were asbestos (levels in dust exceed in 24 of the 31 floors tested [77%]), dioxin (exceeds in 123 
of 125 samples [99%]), lead (exceeds in 121 of 125 samples [97%]), quartz (exceeds in 111 of 
118 samples [94%]), PAHs (exceeds in 100 of 125 samples [80%]), chromium (exceeds in 38 of 
125 samples [30%]), and manganese (exceeds in 26 of 125 samples [21%]).  Nickel, beryllium, 
and PCBs did not exceed available criteria in any of the samples tested.  PCB levels were 
compared to the EPA spill cleanup criteria.  All other analytes (cristobalite, barium, cadmium, 
copper, zinc, and mercury) exceeded available criteria in less than 5% of the samples tested.       


In addition to the sampling of dust, a preliminary screening for mercury vapor was performed 
subsequent to LMDC’s acquisition of the Building.  The screening was performed to evaluate 
potential worker health and safety issues associated with mercury vapor because of its unique 
characteristic as a heavy metal that vaporizes at room temperature.  Based on the measurements 
obtained from a direct-read screening device, there were no detectable mercury vapor levels in 
the open spaces within the Building. 


Further testing is necessary to completely develop the cleaning and deconstruction plan.  To this 
end, LMDC and Berger are currently working to develop and implement a supplemental 
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investigation program that, at a minimum, will involve obtaining access to previously 
inaccessible surfaces and interstitial spaces—including the curtain wall, interior walls, the 
exterior of the Building, and cell systems and raceways within the concrete slabs–for testing of 
all of the constituents addressed in the Initial Building Characterization Study (asbestos and 
other analytes as well as visual inspection for mold).  Berger also recommends additional testing 
to characterize waste materials to be removed from the Building for handling, transportation, 
storage, and disposal or recycling.  The additional information provided from this supplemental 
testing and inspection program will be shared with the deconstruction contractor, regulatory 
authorities, and the public, as part of the finalization and implementation of the cleaning and 
deconstruction plan. 


Based on the results of this Study, Berger offers the following recommendations:    


• LMDC should continue to maintain a health and safety plan and external air 
monitoring program.  LMDC should review and modify its health and safety plan and 
external air monitoring program as appropriate to address all of the conditions 
identified in this Study; 


• LMDC should continue to review and address the potential for release of 
contaminants from the Building;  


• LMDC should further develop and implement an emergency action plan for the 
Building; 


• LMDC should conduct further testing as recommended in this Study; 


• LMDC should further develop its plan for cleaning and deconstruction and address 
the contaminants identified in this Study and in the further testing;   


• LMDC should continue to consult with all appropriate regulatory agencies (e.g., 
NYCDEP, NYSDOL, EPA, New York State Department of Environmental 
Conservation (NYSDEC), and Occupational Safety and Health Association (OSHA)) 
in order to prepare specific cleaning, deconstruction, and environmental monitoring 
protocols; 


• In connection with the deconstruction plan, LMDC should further develop 
appropriate site-specific health and safety plan documents (including establishing the 
organizational and procedural safeguards to be implemented to ensure the protection 
of site workers and the surrounding community); 
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• In connection with the deconstruction plan, LMDC should further develop 
appropriate work and site operations plan documents to cover such items as work 
area controls/limitations, decontamination facilities, engineered containment and 
control systems, monitoring programs, emergency/contingency plans, waste 
management, and assurances that the work will comply with all applicable federal, 
state, and local regulations; 


• LMDC should file appropriate notifications and obtain necessary permits, including 
the Asbestos Control Program 7 (ACP-7), from the appropriate regulatory agencies; 


• As currently contemplated, LMDC should engage a contractor with a NYSDOL 
asbestos handling license, as necessary, to perform the work; and 


• LMDC should conduct appropriate monitoring and quality assurance/quality control 
inspections throughout the cleaning and deconstruction process. 
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1.0 INTRODUCTION 


In its role as an Environmental Consultant, the Louis Berger Group, Inc. (Berger) was contracted 
and authorized by the Lower Manhattan Development Corporation (LMDC) to conduct an Initial 
Building Characterization Study  (the Study) at the building located at 130 Liberty Street (the 
Building), which is scheduled for cleaning and deconstruction.  The Building is a 40-story, 
approximately 1.4 million square foot (SF) office building, with two basement levels.  The 
Building is located in Lower Manhattan, one block south of the World Trade Center (WTC) site. 
Until 1999, the Building, which was built between 1973 and 1974, was owned by the Banker’s 
Trust Corporation.  In 1999, Deutsche Bank acquired the Building and owned it until August 31, 
2004, when it was sold to LMDC. 


As a part of the proposed reconstruction of the WTC site, the Building is scheduled to be cleaned 
and methodically deconstructed, including, but not limited to, removal and disposal of all interior 
walls, stairs, ceilings, floor coverings, Mechanical, Electrical, and Plumbing (MEP) items, 
exterior skin, superstructure concrete, and structural steel.  The Building will be deconstructed.  
As a safety precaution, the deconstruction will not utilize explosion/implosion devices as is often 
the case with conventional building demolition.  Conducting this initial Study was the initial step 
in the development of the cleaning and deconstruction plan. 


The overall intent and objective of the Study was to provide an initial characterization of any 
hazardous substances of concern that are present in the Building that should be taken into 
account during the cleaning and deconstruction process.  The characterization determined the 
presence of asbestos-containing materials (ACM) in the building materials, various analytes of 
concern in dust, and mold on exposed surfaces.  The analytes to which this Study refer include: 
(1) five Contaminants of Potential Concern (COPCs) designated by the United States 
Environmental Protection Agency (EPA) as associated with WTC dust (i.e., asbestos, dioxins, 
lead, polycyclic aromatic hydrocarbons (PAHs), and crystalline silica); and (2) other 
contaminants suspected of being present in the Building and of potential concern (i.e., 
polychlorinated biphenyls (PCBs) and heavy metals (barium, beryllium, cadmium, chromium, 
copper, manganese, mercury, nickel, and zinc)).  Fibrous glass, otherwise known as Man-Made 
Vitreous Fibers (MMVF), is also included in the list of six COPCs designated by the EPA.  
MMVF is known to be prevalent throughout the Building in the fiberglass insulation materials 
and its presence in the dust is assumed.  Moreover, any procedures designed to address asbestos 
will also adequately address MMVF in the Building.  Therefore, Berger did not analyze dust 
samples for MMVF. 
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The Study was used to facilitate and refine any further contaminant delineation studies that 
might be appropriate.  Moreover, the Study will serve as a reference document in support of the 
overall building cleaning and deconstruction project.   


Based on this Study, and in anticipation of further testing that is currently contemplated, 
decisions will be made regarding preparing an appropriate cleaning, deconstruction, and project 
monitoring program; a health and safety plan; the development and implementation of 
engineering controls to contain the work zone (i.e., to ensure no exposure to the surrounding 
community during the cleaning and deconstruction); handling methods for the disposal or 
recycling of materials generated by the cleaning and deconstruction activities; and a waste 
characterization, handling, and management plan.  Testing will be an ongoing process, which 
will occur throughout the cleaning and deconstruction process, as necessary.   


1.1 Background 


The events of September 11, 2001, which caused the destruction of the WTC Towers, physically 
destroyed portions of the interior and exterior of the Building.  The massive debris generated 
from the collapse of the WTC South Tower broke approximately 1,500 windows and opened a 
gash (“Gash Area”) in the Building’s exterior, thereby exposing portions of the interior of the 
north side of the Building.  The debris demolished the plaza in front of the Building, thus 
exposing the basement and sub-basement (Basement A and Basement B) areas and rupturing a 
diesel fuel tank located in the basement, the contents of which burned.  The ruptured fuel tank 
caused the concrete in the basement levels to become saturated with Diesel Range Organics 
(DROs), as was discovered during studies conducted by Deutsche Bank.  In addition, a 
combination of soot, dust, dirt, debris, and contaminants settled in and on the Building.  The 
Gash Area and broken windows exposed the interior of the Building to the elements, which may 
have caused some further impacts after the initial exposures and events of September 11, 2001. 


Subsequent to September 11, 2001, operations were undertaken to clear debris from the plaza, 
lobby, and interior spaces in the Gash Area.  A porous geosynthetic mesh or “netting” was hung 
on the outside of the Building for further protection and safety.  The immediate Gash Area was 
cleaned in accordance with New York City Department of Environmental Protection (NYCDEP) 
and New York City Department of Health (NYCDOH) protocols to permit the construction of 
columns, beams, and floor decks to stabilize the Gash Area.  Once the initial cleaning and 
stabilization measures were in place, office furniture, equipment, and other non-attached items in 
the Building were removed and disposed of by Deutsche Bank.  Since September 11, 2001, 
several study activities were also undertaken to assist Deutsche Bank and its property insurance 
carriers to understand the extent and impacts of the WTC-related contamination. 
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Deutsche Bank, the owner of the Building on September 11, 2001, disputed with its property 
insurance carriers about the extent of the damage to the Building, and whether or not it could be 
reoccupied.  According to Deutsche Bank, the Building could not be reoccupied and had to be 
demolished and replaced.  Deutsche Bank’s property insurance carriers took a contrary position. 
 They asserted that, like other buildings in the area, this Building could be safely and effectively 
cleaned and reoccupied.  As a result of these conflicting positions, Deutsche Bank became 
engaged in a dispute with two of its insurers concerning the cost to repair or, if necessary, 
replace the Building.  This dispute became protracted and eventually resulted in litigation, 
indefinitely threatening to prevent the repair or replacement of the Building.   


LMDC first became involved with the Building as a result of the Deutsche Bank dispute with its 
insurers in order to expedite its timely and safe deconstruction.  The delay caused by Deutsche 
Bank’s litigation with its insurers was neither in New York City's interest nor the interest of the 
residents and workers of Lower Manhattan.  The delay also prevented the cleanup of the dust in 
the Building.  Accordingly, in late 2003, Governor Pataki appointed Senator George Mitchell to 
mediate the dispute between the insurers and Deutsche Bank.  With the active support and 
involvement of LMDC, Senator Mitchell resolved the dispute, permitting LMDC to acquire the 
Building in its present condition.   


As a result of divergent opinions from Deutsche Bank and its insurers concerning the source, 
nature, and extent of the contamination in the Building, LMDC retained Berger to conduct its 
own independent environmental investigation of the Building.  An impartial environmental 
investigation was particularly important because the competing studies prepared by Deutsche 
Bank and its insurers were conducted to support their respective legal positions.  Accordingly, 
LMDC retained Berger to collect its own samples for analysis by an independent laboratory. 


1.2 Previous Environmental Studies 


Several studies concerning WTC-related contaminants have been performed by, or with the 
review of, the federal, state, and local regulatory authorities in the aftermath of the events of 
September 11, 2001.  In particular, the EPA has been responsible for many studies, and most 
importantly those associated with the development of the EPA’s list of COPCs, as discussed 
above.  These studies were used in large part by Berger, albeit not exclusively, to develop the list 
of constituents to be included in the initial sampling and analysis program.   


Berger also reviewed the studies performed by others with regard to the Building during the 
execution of this Study.  Because the data gathered by Deutsche Bank and its insurers was 
obtained in the litigation context, LMDC retained Berger to conduct independent third party 
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testing, rather than adopt the results of either Deutsche Bank or its insurers.  Berger believes that 
such independent testing is likely to be the most unbiased presentation of the results. 


The data that Deutsche Bank and its insurers collected was germane to reoccupying the Building, 
as opposed to deconstructing it.  LMDC will deconstruct the Building; it will not be reoccupied.  
The purpose of the study performed by Berger was to create a safe building deconstruction 
program, unlike the assessments by Deutsche Bank and its insurers that were for other purposes. 
 Berger did refer to both Deutsche Bank and its insurers’ data to aid in developing the list of 
analytes used for this Study and to determine suitable locations for testing.  Berger also 
performed a qualitative comparison of the results from this Study with those of Deutsche Bank 
and its insurers.  Additional testing was performed as a result of this comparison.   


1.3 Purpose and Objectives 


The purpose and objectives of the Study was to provide information to LMDC and its 
contractors and consultants for the development of its cleaning and deconstruction plan by 
providing quantitative information about hazards in the Building.  The Study included tests 
necessary to make determinations regarding: (1) appropriate safety precautions for worker and 
public health and safety; (2) appropriate cleaning and disposal procedures; and (3) compliance 
with applicable federal, state, and local regulations. 


The Study was conducted as the first step in the cleaning and deconstruction process.  While 
important, the initial characterization study is not the only step in the testing process, and 
additional environmental testing will be undertaken in the future, as recommended in this report.  


Following the Building characterization, the cleaning and deconstruction plan will be created in 
compliance with applicable statutes, rules, and regulations.  The cleaning and deconstruction 
plan will be submitted to applicable regulators for review, comment, and approval. 


This initial characterization of ACM, WTC Dust (including asbestos, silica, PAHs, dioxin, 
PCBs, and heavy metals, including mercury), and mold is intended to assist in determining what 
measures and protocols may be required in support of the 130 Liberty Street cleaning and 
deconstruction plan.  In particular, the results of the Study are intended to provide reference 
information allowing for informed decisions to be made regarding appropriate cleaning and 
deconstruction methods.  These decisions include the development and implementation of 
engineering controls to contain the work zone (i.e., to ensure no exposure to the surrounding 
community during the cleaning and deconstruction) and appropriate methods for the disposal or 
recycling of materials generated by the cleaning and deconstruction activities.  Using the 
available characterization results, LMDC, its consultants, and the selected deconstruction 
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contractor can develop and implement appropriate deconstruction protocols and safety 
precautions for the cleaning and deconstruction process to ensure the health and safety of 
workers and the residents of the surrounding community.  Section 5.0 sets forth conclusions and 
recommendations, outlining the series of tasks that are expected to follow this Study.  Such tasks 
include preparing an appropriate project cleaning and deconstruction plan; monitoring program; 
a health and safety plan; and a waste characterization, handling, and management plan.  


1.4 Scope of Work 


To facilitate the development of the 130 Liberty Street Cleaning and Deconstruction Plan, 
LMDC authorized Berger to undertake this Study . 


To meet these objectives, the following specific tasks were performed to complete the Study: 


Task 1: Preparation of a Sampling and Analysis Plan (SAP), Quality Assurance 
Project Plan (QAPP), and Site-Specific Health and Safety Plan (HASP); 


Task 2: Asbestos Building Inspection and Material Survey; 


Task 3: Dust Characterization for Asbestos; 


Task 4: Dust Characterization for Other Analytes, Including Silica, PAHs, Dioxins, 
PCBs, and Heavy Metals, including Mercury; and 


Task 5: Visual Inspection for the Presence of Mold on Exposed Surfaces. 


Task 1 consisted of the preparation of plans outlining the inspection, sampling, testing, and 
health and safety procedures that were used to implement the Study.  These planning documents 
included a SAP, QAPP, and HASP.  Additionally, an initial site survey was performed to verify 
the physical condition of the Building, to evaluate available access, and to assess whether 
assumptions made in the plans were appropriate. 


For Task 2, the asbestos inspection and bulk sampling were conducted using the guidelines 
established by the EPA in the Guidance for Controlling Asbestos-Containing Materials in 
Buildings, Office of Pesticides and Toxic Substances, DOC #560/5-85-024 and 40 C.F.R. Part 
763, Asbestos Hazard Emergency Response Act (AHERA).  Bulk samples of suspected ACMs 
were analyzed by Polarized Light Microscopy (PLM) and/or Transmission Electron Microscopy 
(TEM), as prescribed in the New York State Department of Health (NYSDOH) Environmental 
Laboratory Approval Program (ELAP) Methods 198.1 and 198.4.  The results were compared to 
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the criteria set by the EPA’s National Emissions Standard for Hazardous Air Pollutants 
(NESHAP) 40 C.F.R. Part 61, Subpart M.   


For Task 3, samples were analyzed by PLM with dispersion staining according to the method 
specified in the EPA Interim Method of the Determination of Asbestos in Bulk Insulation 
Samples, Appendix A, Subpart F, 40 C.F.R. Part 763; and NYSDOH ELAP Method 198.1.  
Supplemental screening samples of the settled dust were collected from porous and non-porous 
surfaces and analyzed for asbestos using TEM in accordance with ASTM Standard D 5755-95, 
“Microvacuum Sampling and Indirect Analysis of Dust by Transmission Electron Microscopy for 
Asbestos Fiber Concentration.”  Porous surfaces include suspended ceiling tiles and carpet.  
Non-Porous surfaces included concrete, floor tiles, and wall boards.  This method describes the 
procedures for collecting non-airborne dust samples.  


For Task 4, an initial site survey was conducted and six general sampling zones were identified.  
The zones were based on the amount of visible dust present and the means by which dust was 
forced into the Building and settled on many of its surfaces on September 11, 2001.  Dust may 
have entered the Building through the Heating, Ventilation, and Air Conditioning (HVAC) 
systems or through penetrations in the Building’s exterior (e.g., the Gash Area and any other 
broken windows).  Once inside the Building, dust may have been circulated by the HVAC 
system, vertical shafts, or broken windows.  This dust was sampled from representative locations 
and tested using EPA-approved testing methods. 


To determine a sample location plan that would be representative of the Building as a whole, six 
(6) zones were identified as follows: 


• Zone 1 - Mechanical Rooms on the 5th, 6th, 40th, and 41st Floors to include the air intakes, 
fan rooms, and air handling units of the HVAC system (Figure 1). 


• Zone 2 - Office Space located at or below the 24th Floor that may have been subjected to 
dust entering the Building through the Gash, HVAC system (and possibly circulated 
through the HVAC system), vertical shafts, or broken windows (Figure 2). 


• Zone 3 - Office Space located above the 24th Floor that may have been impacted by dust 
distributed through the HVAC system, vertical shafts, or broken windows (Figure 3). 


• Zone 4 - Gash Area that was cleaned by Deutsche Bank subsequent to September 11, 
2001 to permit structural work to be performed (Figure 4). 
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• Zone 5 - Roof Area that may have been impacted by the settling or adhesion of dust to 
the exterior surfaces (Figure 5). 


• Zone 6 - Exterior façade building materials1 (Figure 6). 


With regard to dust in particular, the sampling strategy was based on the premise that WTC dust 
infiltrated parts of the Building in varying degrees resulting in distinct zones of contamination, 
as described above.  As a result, the number of samples that would be representative of each 
zone was determined and based in part upon some of the information identified in previous 
studies of the Building.  Once these preliminary determinations were made, the specific floor 
locations were selected. This sampling-by-zone approach resulted in selecting a specific number 
of samples for a specific number of floors as described in Section 2.0, Methodology.  This 
sampling approach was deemed to be representative of the dust concentrations in the Building, 
and therefore, samples were not collected from every floor.  Furthermore, more detailed floor-
by-floor sampling was also unnecessary assuming the likely deconstruction approach will 
include engineering controls and monitoring that will be applied to each floor regardless of the 
exact level of contamination on that floor. 


Task 5 was a limited task consisting of the visual inspection of only the interior exposed surfaces 
of the Building for the presence of mold impacted-surfaces.  Because mold growth can only 
occur in the presence of moisture, any water-damaged materials were also to be identified as part 
of this task.  


The remainder of this document is divided into four sections.  Section 2.0 describes the general 
methodology, which is followed by a presentation of results and findings in Sections 3.0 and 4.0, 
respectively.  The conclusions and recommendations from this Study are presented in Section 
5.0.  Attached as appendices (in separate volumes) are the Task 1 Planning Documents 
(including the SAP, QAPP, and HASP) in Appendix A; Data Summary Tables (including 
asbestos and other analytes) in Appendices B and C; Asbestos Bulk Sample Location Plans (for 
Tasks 2 and 3) in Appendices D and E; and Final Laboratory Analytical Reports (for Tasks 2 
through 4) in Appendices F through H. 


 


                                                 
1 The sampling for Zone 6 was limited to readily accessible exterior areas on the ground floor of the Building, with 
limited samples taken adjacent to locations of suspected ACM building material samples.  Further sampling of upper 
levels of the Building’s exterior is planned, but was not part of this initial Study. 
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2.0 METHODOLOGY 


The following subsections present the methodologies for implementation of the Asbestos 
Building Inspection and Material Survey, the Dust Characterization for Asbestos, the Dust 
Characterization for Other Analytes, and the Visual Mold Inspection.  These tasks were 
implemented in accordance with the SAP, QAPP, and HASP prepared for the Study (included in 
Appendix A, a separate volume) and the initial site survey that was performed to verify the 
assumptions made in these plans.  Berger holds a valid NYSDOL Asbestos Handling License 
(License # 03-0940).   


2.1 Asbestos Building Inspection and Material Survey  


For this task, guidelines used were established by the EPA in the publication Guidance for 
Controlling Asbestos-Containing Materials in Buildings, Office of Pesticides and Toxic 
Substances, DOC #560/5-85-024 and 40 C.F.R. Part 763, AHERA.  The AHERA guidelines 
represent the most up-to-date inspection and sampling protocol available, and as such were 
utilized during the inspection and bulk sampling.  For the purposes of this inspection, suspect 
ACM were placed in three material categories: thermal systems insulation, surfacing materials, 
and miscellaneous materials.  The locations within the Building were inspected physically, 
functional space-by-functional space and Homogeneous Area-by-Homogeneous Area, to 
determine the presence of ACM.  AHERA defines a Homogeneous Area as suspect material of 
similar age, appearance, function, and texture.   


The inspection included the following tasks: 


1. Visual determination of the extent of visible and accessible suspect materials and 
conditions of the material; 


2. Collection of samples of suspect building materials and analysis for asbestos content; 


3. Determination of friability and condition of suspect materials through a physical “Hand 
Pressure” test; 


4. Assessments of suspect friable and non-friable materials and locations; 


5. Quantification of the amount of suspect friable and non-friable materials in their 
respective locations; 
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6. Identification of all suspect materials sampled on the appropriate building floor plan 
diagram with the sample number; and 


7. Preparation of an Asbestos Field Survey Data Sheet/Chain of Custody record, which 
accompanied the samples to the laboratory. 


Protocols associated with the Asbestos Building Inspection and Material Survey are discussed in 
further detail in the following subsections.  These include inspection procedures, bulk sampling 
procedures, physical condition assessment, bulk sample submission and retention, and laboratory 
analytical procedures and methodologies. 


2.1.1 Physical Inspection Procedures 


All accessible locations within the Building, including the Roof, were inspected physically, 
functional space-by-functional space (room-by-room) and Homogeneous Area-by-Homogeneous 
Area, to determine the presence of ACM.  A limited inspection was also conducted on the 
exterior façade of the Building.  All suspect material in each functional space, including above 
the suspended ceiling (the plenum), was categorized by Homogeneous Area prior to bulk 
sampling.  This task included, but was not necessarily limited to, the following: 


1. Conducting a thorough on-site visual inspection of the Building, including areas above 
the suspended ceiling (the “plenum”).  Inspections were scheduled and coordinated with 
the Building Representative and conform to the approved work schedule.  During the 
inspection, Berger identified and documented the condition of the suspected material 
based on functional area usage, and other factors deemed appropriate; 


2. Indicating all areas of homogeneous material, without regard to the results of subsequent 
laboratory bulk analysis, either on a set of building floor plans, on schematic drawings, or 
in tabular form; 


3. Identifying the functional spaces on the drawings; and 


4. Completing the Asbestos Field Survey Data Sheet/Chain of Custody Form for each 
homogeneous material, and listing all functional spaces where ACM is suspected to be 
present. 


Based on the results of the physical inspection, final sample locations were identified and 
suspect ACM samples were collected according to the procedures described in the next section. 
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2.1.2 Bulk Sampling Procedures 


Berger conducted bulk sampling of all friable and non-friable suspected ACMs in compliance 
with the requirements of AHERA for bulk sampling (40 C.F.R. 763.86) and consistent with the 
SAP and the QAPP.  Over 2,000 samples of suspect ACM were collected for analysis as part of 
the Study.  All sample locations were clearly identified on Building floor plans (Appendix D) 
and marked with an identification number corresponding to the respective sample number 
written on the Asbestos Field Survey Data Sheet/Chain of Custody Form (Appendix F), which 
accompanied the samples to the laboratory.  A minimum of one side-by-side quality control 
sample was collected for each grouping of 20 samples or part thereof. 


Bulk sampling was conducted in the following manner: 


1. Berger collected representative bulk samples of all materials suspected to contain 
asbestos.  Sample locations were determined using the EPA's simplified random 
sampling method (EPA 560/5-85-030a).  All sample locations were indicated on 
drawings or floor plans.  Each sample location was identified by a unique number that 
permits the cross-referencing of sample information.   


2. Bulk samples were collected from materials in each Homogeneous Area to determine the 
asbestos content and to identify the complete content matrix of the material.  
Homogeneity was based on, but not necessarily limited to, the following criteria: 


o Visual appearance; 


o Texture; and 


o Use (including but not limited to: ceilings, floors, walls, mechanical equipment, 
ceiling tiles, floor tiles, pipe wrapping, elbow materials, valve material on 
structural members, decks, beams, and duct work). 


3. With two exceptions, at least three samples of each suspect material were collected and 
analyzed before concluding that there was no asbestos in the material.  The exception 
was a single sample of thermal system insulation, including patching, or miscellaneous 
material that meets the following size restrictions: the thermal system insulation is of less 
than six LF or six SF and the miscellaneous material is less than 160 SF or 260 LF in 
total quantity.  Otherwise, the numbers of samples to be collected for each Homogeneous 
Area were as follows:  


o Surfacing material on ceilings, walls, and structural members:  
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a. Less than 1,000 SF = at least three samples; 


b. Between 1,000 SF and 5,000 SF = at least five samples; 


c. Greater than 5,000 SF = at least seven samples; 


d. At least one additional sample for each additional 10,000 SF up to a total 
of nine samples; and, 


e. At least one sample for each patched area.  


o Thermal system insulation such as pipe work, valves, elbows, and ductwork:  


a. At least one bulk sample from each Homogeneous Area of patched 
thermal system insulation if the patched section is less than six LF or six 
SF; 


b. At least three bulk samples from each Homogeneous Area of thermal 
system insulation equal to or greater than six LF or six SF; and 


c. At least one sample of valve material, hanger, and elbow mud for each 
insulated line of varying diameter and visible appearance. 


o Miscellaneous materials:  


a. Miscellaneous materials include ceiling and floor tiles, linoleum or vinyl 
floor coverings, baseboards and similar material, and their adhesives and 
were collected as follows: at least one sample for an area containing up to 
160 SF or 260 LF of suspect material; at least three samples for an area of 
260 - 5,000 SF or between 160 – 1,000 LF of suspect material; and at least 
one additional sample for each 5,000 SF or 1,000 LF or part thereof of 
material, to a total of nine samples. 


b. Roofing, built-up roof (BUR) systems as well as other types of suspected 
roof ACM were also sampled as follows: three samples of each layer for a 
homogeneous roof area up to 10,000 SF and one additional sample for 
each additional 10,000 SF, or part thereof, to a total of nine samples. 


4. Quality Assurance/Quality Control (QA/QC) samples: one random split sample for every 
20 samples, or part thereof, was collected and submitted for analysis. 
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2.1.3 Physical Condition Assessment 


The EPA AHERA specifies that a physical assessment of all friable suspect material must be 
performed during the inspection.  The suspect materials were assessed to determine the potential 
hazards and the hazards ranked according to severity.  The physical condition assessment 
consisted of determining:  


• The condition of the suspect ACM; and 


• The cause of damage and potential for future disturbance. 


 


AHERA lists seven categories by which to assess the current condition and potential for damage 
as follows: 


1. Damaged or Significantly Damaged Friable Thermal System Insulation; 


2. Damaged Friable Surfacing Material; 


3. Significantly Damaged Friable Surfacing Material; 


4. Damaged or Significantly Damaged Friable Miscellaneous Material; 


5. ACM with potential for damage;  


6. ACM with the potential for significant damage; and 


7. Any remaining Friable ACM or Friable Suspected (assumed) ACM. 


A rank of “1,” means the material is in “poor” condition and requires top priority for abatement 
response action.  A result of “5” would indicate material in “fair” condition with “moderate” 
potential for future damage.  It would have a high priority for abatement response action.  A rank 
of “7” indicates material in “good” condition with “low” potential for future damage.  These 
areas would have a low abatement response priority. 


The second step in the assessment process was to determine the potential for future damage or 
deterioration for material classified as good or fair.  The potential for future damage was 
classified as High, Moderate, or Low.  Factors considered included the potential for physical 
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contact and the influence of environmental factors such as vibration, air erosion, the likelihood 
of water damage, etc. 


The third step was to determine the friability rating and to classify the material as Friable ACM 
or Non-Friable ACM.  “Friable ACM,” as defined by NYSDOL and EPA, is any material that 
contains more than one percent asbestos and can be crumbled, pulverized, or reduced to powder 
by hand pressure.  In New York City, the definition of “Friable ACM” is any material that 
contains more than one percent asbestos and can be crumbled, pulverized, or reduced to powder 
by hand pressure and/or mechanical means (NYCDEP Title 15 Regulations).  For this study, the 
EPA/NYSDOL definition of friability was used.  It refers to a material’s likeliness to release 
airborne fibers.  There is a greater possibility that a friable material will release fibers into the air 
when disturbed than will a non-friable material (e.g., floor tiles, roofing materials, etc.) thereby 
causing a potential hazard.   


The assessment process defines the extent of the damaged condition as follows: 


• If the extent of the damage is roughly ten percent of the material and is evenly distributed 
throughout the material, then the material is considered significantly damaged; and/or 


• If the extent of the damage is roughly 25 percent of the material and is localized, then the 
material is considered significantly damaged. 


 


2.1.4 Bulk Sample Submission and Retention 


Berger was responsible for transmittal of the samples to the laboratory and for assuring that the 
laboratory analyzed each sample identifying the type and amount of asbestos and other 
components present in accordance with the QAPP.  


Field personnel completed Asbestos Field Survey Data Sheet/Chain of Custody Form for all 
samples submitted to the laboratory.  Following completion, the sampling personnel signed and 
dated the form and submitted the samples to the laboratory.  Each person, in succession, that 
took possession of the samples then signed and dated the form, providing documentation that the 
samples were under the control of a designated person at all times.  The Asbestos Field Survey 
Data Sheet/Chain of Custody Forms with all signatures are provided with the final reports from 
the laboratory (Appendix F).  The bulk sample submission protocols are summarized as follows: 
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1. Berger submitted the bulk samples to a Laboratory that is accredited by National 
Voluntary Laboratory Accreditation Program (NVLAP) under the National Institute of 
Standards & Technology and the NYSDOH ELAP. 


2. The samples were submitted to the laboratory for analysis promptly upon completion of 
the survey.  Berger prepared and retained documentation that accurately reflected all 
changes in the chain of custody and location of each sample.  Documentation indicated 
all persons who took custody of samples and the period of time in each person's custody, 
as well as to whom the samples were relinquished.  There were no unaccounted periods 
of time with regard to each sample. 


3. Berger had the laboratory analyze each sample and identify the type and amount of 
asbestos present as well as other components, in accordance with the QAPP. 


4. Bulk samples were retained by the laboratory with the chain of custody documentation. 


5. QA/QC was used to monitor the performance of the analytical laboratory.  A duplicate 
sample was collected immediately adjacent to the related bulk sample for every 20th bulk 
sample collected.  It was labeled and numbered independently in a manner such that the 
laboratory personnel, if the same laboratory was used for the analysis, could not have 
discerned the QC sample(s). 


6. Samples were hand delivered to the analytical laboratory in an appropriate and suitable 
manner. All packaging and labels complied with Federal Department of Transportation 
(DOT) regulations as provided in 49 C.F.R. 171-178. 


2.1.5 Laboratory Analytical Procedures and Methodologies 


Laboratory analytical services using Polarized Light Microscopy (PLM) and Transmission 
Electron Microscopy (TEM) methods were performed by Amerisci Laboratories, Inc. located at 
117 East 30th Street, New York, New York.  Amerisci Laboratories is accredited by NVLAP 
(Accreditation Number 200546-0) under the National Institute of Standards & Technology 
(NIST); the NYSDOH ELAP (Accreditation Number 11480), and the American Industrial 
Hygienist Association (AIHA) (Accreditation Number 1028). 


Bulk samples of suspect ACM were analyzed by PLM Method 198.1 and/or TEM Method 198.4 
as described in NYSDOH ELAP for the criteria set by the NESHAP, 40 C.F.R. Part 61.  They 
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were also analyzed on a “Positive-Stop” basis using both the PLM and TEM methods.  A 
summary description of the analyses conducted is as follows: 


Polarized Light Microscopy (PLM) Methods 


Samples were analyzed by PLM with dispersion staining according to the method specified in 
the EPA Interim Method of the Determination of Asbestos in Bulk Insulation Samples, Appendix 
A, Subpart F, 40 C.F.R. Part 763; and NYSDOH ELAP Method 198.1.  This is a standard of 
analysis in optical mineralogy and the currently accepted method for the determination of 
asbestos in friable bulk samples.  Friable ACM is any material that contains more than one 
percent asbestos and can be crumbled, pulverized, or reduced to powder by hand pressure.  A 
suspect material is immersed in a solution of known refractive index and subjected to 
illumination by polarized light.  The resulting characteristic color display enables mineral 
identification. 


The NYSDOH has revised the PLM Stratified Point Counting Method.  The new method, 
Polarized Light Microscopy Methods for Identifying and Quantitating Asbestos in Bulk Samples 
can be found as Item 198.1 in the ELAP Certification manual.  The State of New York ELAP has 
determined that analysis of non-friable, organically bound material (NOB) is not reliably 
performed by PLM.  Therefore, if PLM analysis of an NOB yields a negative result, TEM must 
be performed to further confirm the result.  All samples were initially analyzed by PLM.  
Samples that produced a negative PLM result and were classified as an NOB were then re-
analyzed utilizing the TEM methodology. 


Transmission Electron Microscopy (TEM) Methods 


Detection of asbestos fibers in NOBs such as floor tile, mastics, roofing materials, and window 
caulking/glazing, is often extremely difficult because of the small fibers used during 
manufacture, their subsequent mixing and coating with an organic matrix (vinyl, asphalt, etc.) 
and potential combination during sample preparation.  To address this problem, specialized 
sample preparation (gravimetric reduction per Chatfield, 1991) and analysis by TEM is required. 


The use of TEM addresses the principle that the limit of an optical microscope’s ability to detect 
objects is affected by the wavelength of light, which is the source for PLM analysis.  The 
electron microscope used in TEM analysis is inherently superior to the optical microscope for 
detecting very small fibers.  TEM’s extremely short wavelength, coupled with simple image 
presentation, yields resolvable images of even the smallest asbestos fibers.  Furthermore, 
identification of chrysotile or amphibole crystalline structure can be consistently produced via 
the electron-diffraction capabilities of modern TEMs.  Accordingly, the TEM’s resolution of up 
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to 20,000x magnification provides the most reliable method for detecting and quantifying 
asbestos fibers in NOBs and is considered the only method that can be used to report true 
negative results from PLM analysis of NOB samples as per the New York State Department of 
Health Environmental Laboratory Approval Program Guidelines (NYSDOH-ELAP). 


Positive Stop Procedures for PLM and TEM Analysis 


In accordance with EPA guidelines, samples are categorized into “homogeneous groups” by 
material type.  The number of samples to be taken for each group is dictated by the type and 
quantity of the material.  All samples within the homogeneous group must be less than one 
percent asbestos in order to classify the material as “non-asbestos.”  Conversely, the positive 
result of any one sample dictates that the homogeneous group be classified as ACM.  Thus, when 
the individual samples of each homogeneous group are analyzed, the laboratory discontinues 
analysis when asbestos has been identified in one of the samples.  These subsequent samples, 
which have not yet been analyzed, are reported as Not Analyzed/Positive Stop (NA/PS) and the 
homogeneous material is classified as an ACM.  NA/PS procedures are economically beneficial 
by reducing analytical cost for repetitive analysis. 


2.2 Dust Characterization for Asbestos 


The guidelines used for the dust characterization for asbestos were established by the EPA in the 
Guidance for Controlling Asbestos-Containing Materials in Buildings, Office of Pesticides and 
Toxic Substances, DOC #560/5-85-024 and 40 C.F.R. Part 763, AHERA.  Berger collected 
representative bulk samples of the settled dust.  To determine the asbestos content from the 
following locations, each floor was divided into separate functional areas as follows: 


• Random locations under the suspended ceiling (plenum); 


• Random locations above the suspended ceiling (plenum); and 


• The exterior netting on the Building. 


 


Sample locations were determined using the EPA's simplified random sampling method (EPA 
560/5-85-030a).  All sample locations were documented on floor plans (Appendix E) and well as 
Asbestos Air Sample Logs/Chain of Custody Forms.  Each sample location was identified by a 
unique number, which permitted the cross-referencing of sample information throughout the 
report.  The documentation (consisting of Floor Plans and Air Sample Logs/Chain of Custody 
Forms) was deemed to be sufficient to locate and ascertain the extent of settled dust throughout 
the Building.  Each floor was divided into two separate functional spaces: above the suspended 
ceiling (or plenum) and under the suspended ceiling.  Each floor was divided into a grid with 
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nine sections, the sections were numbered starting from Section 1 in the south west corner, 
Section 2 in the next section east, Section 3 in the south east corner, and Section 4 in the west 
central area, counting east from the west wall in each section.  The 9th Section was in the 
northeast corner.  The areas were numbered using the floor number followed by the section 
number.  Area 1 was the southeast section of the floor.  For example, the area in the southeast 
corner of the 1st Floor was called Area 01-01.  The Areas 01-01 through 42-09 included every 
section of the Building; samples collected above and under the suspended ceiling were be 
labeled separately to identify where the samples were collected. 


The dust samples were analyzed by PLM with dispersion staining according to the method 
specified in the EPA Interim Method of the Determination of Asbestos in Bulk Insulation 
Samples, Appendix A, Subpart F, 40 C.F.R. Part 763; and NYSDOH ELAP Method 198.1.  This 
is a standard of analysis in optical mineralogy and the currently accepted method for the 
determination of asbestos in friable bulk samples.  Supplemental screening samples of the settled 
dust were collected from porous and non-porous surfaces and analyzed for asbestos using TEM 
in accordance with ASTM Standard D 5755-95, “Microvacuum Sampling and Indirect Analysis 
of Dust by Transmission Electron Microscopy for Asbestos Fiber Concentration.”  Porous 
surfaces include suspended ceiling tiles and carpet.  Non-Porous surfaces included concrete, 
floor tiles, and wall boards.  This method describes the procedures for collecting non-airborne 
dust samples. 


2.2.1 Physical Inspection Procedures 


All accessible locations within the Building were inspected physically, functional space-by-
functional space (room-by-room) and Homogeneous Area-by-Homogeneous Area to determine 
the presence of settled dust above and below the suspended ceiling (the plenum).  The settled 
dust in each functional area listed above was categorized as a separate Homogeneous Area prior 
to sampling. Random sampling was conducted according to the protocol described in the SAP.  
All sampling information was documented on the Asbestos Air Sample Logs/Chain of Custody 
Form.  This task included, but was not necessarily limited to, the following: 


1. Conducting a thorough on-site visual inspection of the Building, including areas above 
the suspended ceiling.  


2. Each floor was subdivided into two Homogeneous Areas, one above the plenum and one 
below the plenum.  Each Homogeneous Area was then subdivided into nine sections and 
one sample was collected from each of the nine sections on each floor, resulting in 
approximately 18 samples per floor.  Samples were taken from over 800 locations, 
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including porous and non-porous surfaces, and on mechanical equipment, based on the 
amount of dust found on each for each sample area.  In areas where there was no 
discernable difference in accumulation, samples were collected from the lowest level 
where dust could be sampled. 


3. Berger conducted sampling of all dust suspected to be asbestos-containing in compliance 
with the requirements of EPA’s AHERA for bulk sampling (40 C.F.R. 763.86).  A 
minimum of one side-by-side quality control sample was collected for each grouping of 
20 samples.  All sample locations were clearly identified on copies of the Building 
schematic diagrams (drawings or floor plans) and marked with an identification number 
corresponding to the respective sample number. 


2.2.2 Bulk Sampling Procedure 


Berger conducted bulk sampling of the settled dust in compliance with the requirements of 
AHERA for bulk sampling (40 C.F.R. 763.86) and consistent with the SAP and the QAPP.  A 
minimum of one side-by-side quality control sample was collected for each grouping of 20 
samples or part thereof.  All sample locations were clearly identified on building floor plans and 
marked with an identification number corresponding to the respective sample number written on 
the Asbestos Air Sample Logs/Chain of Custody Form, which accompanied the samples to the 
laboratory. 


For areas with significant dust accumulation, the dust was wetted, scraped and placed into a 
sample container.  For areas with minimal dust accumulation the same procedure was followed 
except that the sample area was larger.  Sample locations in each section of the Building were 
determined by the inspector in the field.  Samples were collected from horizontal surfaces in the 
section from areas that contained visible dust. 


The following procedures were used in collection of forty (40) additional samples of the settled 
dust using the ASTM Standard D 5755-95 Microvacuum technique: 


1. A sampling template of 100 square centimeters (cm2) was used at sample locations; 


2. The flow rate of the pump with the cassette attached was set above 2 liters per minute; 


3. Vacuuming began inside the template and passes were made for the entire sampling time 
and intersected at right angles, sampling continued until there was no visible dust or for a 
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minimum of 2 minutes, and debris or particles greater than 1 mm in diameter were 
avoided; and 


4. Upon completion of sampling at a location, the cassette was sealed by turning the 
cassette upright, turning off the pump, and sealing the top of the cassette. 


The TEM samples were collected at random locations throughout the building to include porous 
and non-porous surfaces from above the plenum and below the plenum (for a total of 40 
samples). 


 


2.2.3 Laboratory Analytical Procedures and Methodologies 


Laboratory analytical services using PLM and TEM methods were performed by Amerisci 
Laboratories, Inc. located at 117 East 30th Street, New York, New York.  Amerisci Laboratories 
is accredited by NVLAP (Accreditation Number 200546-0) under the National Institute of 
Standards & Technology (NIST); the NYSDOH ELAP (Accreditation Number 11480), and the 
American Industrial Hygienist Association (AIHA) (Accreditation Number 1028).  Descriptions 
of the analyses conducted are as follows: 


Polarized Light Microscopy (PLM) Method 


Samples were analyzed by PLM with dispersion staining according to the method specified in 
the EPA Interim Method of the Determination of Asbestos in Bulk Insulation Samples, Appendix 
A, Subpart F, 40 C.F.R. Part 763; and NYSDOH ELAP Method 198.1.  This is a standard of 
analysis in optical mineralogy and the currently accepted method for the determination of 
asbestos in friable bulk samples.  Friable ACM is that material which may be crumbled, 
pulverized, powdered, crushed or exposed asbestos which is capable of being released into the 
air by hand pressure.  A suspect material is immersed in a solution of known refractive index and 
subjected to illumination by polarized light.  The resulting characteristic color display enables 
mineral identification. 


Transmission Electron Microscopy (TEM) Method 


The dust samples were analyzed using the NYSDOH ELAP Method 198.4.  The use of TEM 
addresses the principle that the limit of an optical microscope’s ability to detect objects is 
affected by the wavelength of light, which is the source for PLM analysis.  The electron 
microscope used in TEM analysis is inherently superior to the optical microscope for detecting 
very small fibers.  TEM’s extremely short wavelength, coupled with simple image presentation, 
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yields resolvable images of even the smallest asbestos fibers.  Furthermore, identification of 
chrysotile or amphibole crystalline structure can be consistently produced via the electron-
diffraction capabilities of modern TEMs.  Accordingly, the TEM’s resolution of up to 20,000x 
magnification provides the most reliable method for detecting and quantifying asbestos fibers as 
per the NYSDOH ELAP. 


2.3 Dust Characterization for Other Analytes 


This task involved the characterization of contaminants other than asbestos in dust samples.  
Specific analytes included: (1) COPCs designated by the EPA as associated with WTC dust (i.e., 
asbestos, dioxins, lead, PAHs, and crystalline silica); and (2) other contaminants suspected of 
being present in the Building and of potential concern (i.e., PCBs, heavy metals, and mercury).  
In addition, this section discusses the methods used for an evaluation of the presence of mercury 
vapor, which was later added to the scope of work.  It should be noted that for carpets, settled 
dust was evaluated by sampling and analyzing the carpet itself; as such, any chemicals present in 
the manufacturing or installation of the carpet will be represented in the results. 


Sampling efforts were accomplished in accordance with applicable standards and a systematic, 
targeted sampling design to collect representative surficial samples from building components 
and other areas with the highest likelihood of being contaminated.  The methods utilized are 
presented in the SAP and QAPP and are summarized in this section.  The following subsections 
describe in further detail the initial site survey, sample location identification, and methods of 
sample collection and analysis. 


2.3.1 Initial Site Survey 


An initial site visit was made to the Building prior to performing the sampling.  The Project 
Team, consisting of the Task Manager and each of the Task Coordinators, performed the initial 
site survey.  The Project Team visited representative floors in each of the zones to gain 
familiarity with the entry/security procedures and Building lay-out, as well as to determine 
representative areas to sample.  A general knowledge of the key features of the Building and the 
varying degree of dust accumulation were noted during the survey.  During the site survey, it 
was noted that the Gash Area (Zone 4) was previously cleaned.  It was also noted that 
Mechanical areas on the 5th, 40th, and 41st Floors (Zone 1) had appreciably greater dust 
accumulation on various surfaces compared to surfaces on office floors.  This information was 
utilized during the development of the final sampling strategy to aid in selection of the floors that 
would be most appropriate for sample collection. 
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2.3.2 Sample Location Identification 


A sampling strategy representative of the Building was developed following the initial site 
walkthrough, which identified six general sampling zones based on the amount of visible dust 
present and methods by which dust was thrust into the Building on September 11, 2001.  Dust 
may have entered the Building in the following ways: (1) through the HVAC System and broken 
windows, which allowed falling debris, dust, and fumes to infiltrate the Building; and (2) 
contaminants produced as a result of combustion of building materials, building contents, fuel 
oil, and jet fuel that may have blown into the Building by prevailing winds.  For this study, the 
six zones identified are illustrated on Figures 1 through 6 and consist of the following: 


• Zone 1:  Mechanical Rooms on the 5th  and 40th floors that include the air intakes, fan 
rooms, and air handling units of the HVAC system (Figure 1). 


• Zone 2:  Office Space located at or below the 24th Floor that may have been subjected to 
dust entering the Building through the Gash Area, HVAC system (and possibly circulated 
through the HVAC system), vertical shafts, or broken windows (Figure 2). 


• Zone 3:  Office Space located above the 24th Floor that may have been impacted by dust 
distributed through the HVAC system, vertical shafts, or broken windows (Figure 3). 


• Zone 4:  Gash Area that was cleaned subsequent to September 11, 2001 to permit 
structural work to be performed (Figure 4). 


• Zone 5:  Roof Area that may have been impacted by the settling or adhesion of dust to 
the exterior surfaces (Figure 5). 


• Zone 6:  Exterior Façade that may have been impacted by the settling or adhesion of dust 
to the exterior surfaces of the Building (Figure 6). 


 


The sampling strategy was based on the areas susceptible to WTC dust that infiltrated parts of 
the Building in varying degrees resulting in distinct zones of contamination, as described above. 
 Specific floor locations were selected following a determination of the number of samples that 
would be representative of each zone, which was based on information identified in previous 
studies of the Building.  This approach resulted in selecting a specific number of samples for a 
specific number of floors as outlined in Table 1.  As a result of this approach, samples were not 
collected from each floor.  
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In Zones 1, 2, and 3, a total of thirty-two, thirty-nine, and thirty-eight sample locations were 
identified, respectively.  In Zone 4, nine (9) sample locations were identified including two 
samples that were collected from the exterior netting used to contain the damage and debris 
caused by the collapse of the WTC.  In Zone 5, four (4) sample locations were identified and 
each location chosen was based upon the extent of visible dust and/or the representativeness of 
the sample location.  In Zone 6, three (3) sample locations were identified on the Exterior 
Façade.  Within each zone, sample locations were selected so that approximately one quarter of 
the samples were collected from floor surfaces (both carpeted and uncarpeted), one quarter of the 
samples were collected from horizontal surfaces (ledges), one quarter of the samples were 
collected from HVAC interior ductwork, and one quarter of the samples were collected from 
above the suspended ceiling (plenum).  Table 1 presents a summary of the number of samples 
collected by zone. 


 
TABLE 1 


TASK 4 – NUMBER OF SAMPLE LOCATIONS BY ZONE 


Zone 1 Number of Sample Locations 
5th Floor 18 
40th Floor 14 


Zone 1 Total 32 
Zone 2 Number of Sample Locations 


2nd Floor 6 
4th Floor 8 
10th Floor 4 
12th Floor 4 
14th Floor 6 
18th Floor 8 


Basement (Level A/B) 2 
Basement (Vault) 1 


Zone 2 Total 39 
Zone 3 Number of Sample Locations 


25th Floor 4 
27th Floor 2 
31st Floor 4 
35th Floor 2 
39th Floor 7 
40th Floor 12 
41st Floor 7 


Zone 3 Total 38 


Zone 4 Number of Sample Locations 


7th Floor 1 
10th Floor 1 
12th Floor 1 
15th Floor 1 
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TABLE 1 (continued) 
TASK 4 – NUMBER OF SAMPLE LOCATIONS BY ZONE 


17th Floor 1 
22nd Floor 1 
24th Floor 1 


Netting (Floors 17 & 24) 2 
Zone 4 Total 9 


Zone 5 Number of Sample Locations 


Roof 4 
Zone 5 Total 4 


Zone 6 Number of Sample Locations 


Exterior Façade 3 
Zone 6 Total 3 


 


2.3.3 Sample Collection and Analysis 


Samples were collected using wipe, vacuum, and/or bulk sampling techniques and analyzed for 
silica, PAHs, dioxins, PCBs, heavy metals (barium, beryllium, cadmium, chromium, copper, 
lead, manganese, nickel, and zinc), and mercury.  Silica analysis was performed by Analytics 
Corporation, located in Richmond, Virginia, under NYSDOH ELAP (Accreditation Number 
11386), and AIHA (Accreditation Number 100531).  Severn Trent Laboratories, Inc. located in 
Shelton, Connecticut, performed dioxin analysis, under NYSDOH ELAP (Accreditation Number 
15681).  Laboratory analysis of the remaining analytes was performed by Severn Trent 
Laboratories, located in Sacramento, California, under NYSDOH ELAP (Accreditation Number 
10602).  Table 2 presents a summary of the sample collection methods by analyte and the 
number of samples collected. 


TABLE 2 
SAMPLE COLLECTION AND ANALYSIS PARAMETERS 


Analytical 
Parameter 


Analytical 
Method Sampling Media Number of 


Samples 
Number of QC 


Samples 
Total Number 


of Samples 
Silica in Dust XRD Wipe/Vacuum 117 17 134 


PAHs 8270C Wipe/Bulk 125 17 142 
Dioxin 8290 Wipe/Bulk 126 17 143 
PCBs 8082 Wipe/Bulk 125 17 142 


Heavy Metals 6010B Wipe/Bulk 125 17 142 
Mercury 7471A Wipe/Bulk 125 17 142 


Notes: XRD per Modified NIOSH Method 7500 
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Additional sample collection information is provided in Table 3, which shows the sample matrix, 
analytical method, sample preservation, holding time and sample container requirements by 
analyte. 


 
TABLE 3 


SAMPLE COLLECTION REQUIREMENTS 


Analytical 
Parameter Sample Matrix Analytical 


Method Sample Preservation 
Holding 


Time 
(days)(1) 


Sample 
Container 


Silica in Dust Wipe or vacuum           
(PW PVC) 


NIOSH 
7500 


Modified 
None N/A Glass Jar 


PAHs Gauze w/hexane; bulk 8270 Refrigerate / keep 
dark 14/40 Glass Jar 


Dioxin Gauze w/ hexane; 8290 Refrigerate / keep 
dark 14/40 Glass Jar 


PCBs Gauze w/hexane; bulk 8082 Refrigerate 14/40 Glass Jar 
Heavy 
Metals 


Gauze w/deionized water; 
bulk 6010B None 180* Glass Jar 


Mercury Gauze w/deionized water; 
bulk 7471A Refrigerate 28* Glass Jar 


Notes: 
N/A = Not applicable 
(1) 14/40 = 14 days to sample extraction/40 days to extract analysis 
* Metals and Mercury samples must be digested and analyzed within the stated holding times 
 


All wipe, vacuum, and bulk samples were immediately placed in dedicated glass sample jars 
prior to being placed in chilled coolers and recorded on a Chain of Custody Form.  Samples were 
preserved according to the specific method requirements and delivered to the laboratory within 
24 hours of collection. 


Micro-Vacuum Sampling Methods 


A micro-vacuuming method was employed to collect silica and the other COPCs from within the 
zones described above for certain sampling substrates (e.g., carpeting).  A pre-weighed polyvinyl 
chloride (PVC) cassette (for silica) was connected to a three-foot length run of Tygon tubing 
(with a 45º angle cut into the sample intake portion) on the sampling side and a pump set at a 
flow rate of 10.0 liters per minute on the intake side.  Using a template, samples were collected 
within a ten-centimeter-by-ten-centimeter area for a period of approximately two minutes.  
Appropriate personal protective equipment (PPE), including coveralls, gloves, boots, and a High 
Efficiency Particulate Arrestance (HEPA) filtered respirator were worn by sampling technicians 
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at all times.  Samples were placed in a sealed bag and kept cold during collection, holding, and 
submittal periods to the approved analytical laboratory.   


Bulk Dust Sampling Methods 


Bulk sampling methods were used to collect dust for a determination of percentages of various 
silica species, i.e., crystalline versus amorphous.  A clean laboratory scoop was utilized to collect 
representative samples from non-porous surfaces where extensive dust was present. Appropriate 
PPE, including coveralls, gloves, boots, and HEPA filtered respirators were worn by sampling 
technicians at all times.  At least two such samples were collected from each zone.  Samples 
were placed in a sealed bag and kept cold during collection, holding, and submittal periods to the 
approved analytical laboratory.   


Bulk Carpeting Sampling Methods 


A bulk sampling method was employed to collect dioxin and PAH samples from carpet.  A clean 
cutting tool was utilized to remove a ten-centimeter-by-ten-centimeter area using a pre-cut 
template.  Sample locations were determined utilizing the above-described protocol.  
Appropriate PPE, including coveralls, gloves, boots, and a HEPA filtered respirator were worn 
by sampling technicians at all times.  Samples were placed in a sealed bag and kept cold during 
collection, holding, and submittal periods to the approved analytical laboratory.   


Wipe Sampling Methods 


A wipe sampling method was employed to collect PCBs, PAHs, and metals (including mercury) 
within the zones described above.  This was the default sampling method when there was an 
absence of carpeting.  Individual samples (per suitable wipe/matrix/container) for each of these 
analytes were collected from within a ten-centimeter-by-ten-centimeter area template.  PCBs and 
PAHs were collected on sterile gauze pad treated with a 4:1 acetone/hexane mixture, while 
metals were collected on a sterile gauze pad treated with deionized water.  Appropriate PPE, 
including coveralls, gloves, boots, and HEPA filtered respirators were worn by sampling 
technicians at all times.  Samples were placed in a sealed bag and kept cold during collection, 
holding, and submittal periods to the approved analytical laboratory. 
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Sample Identification and Labeling 


Each sample was assigned a unique identification number: 


WXYYSZZV =  Example identification number 
W   = Analyte group (C for Chemical) 
X   = Sampler # 
YY   = Floor # 
S   = Sample (constant) 
ZZ    = Sample number 
V   = Sampling event (e.g., A = 1st time, B = 2nd time, if required) 


 


The sample container was labeled with the sample identification number, date of collection, and 
the sampler’s initials. 


Sampling Documentation 


The information necessary to relate sample locations for reporting purposes were documented in 
bound field log books.  The following information was completed for each sample collected:  


• Client and Facility information; 


• Sample identification number; 


• Date/time sampled; 


• Sampler; 


• Room/area from where the sample was taken; 


• Equipment/area number, if applicable; 


• Description of areas/items sampled; and 


• Sketch of sample locations. 


 


A copy of the sample log sheet was forwarded to the Task Manager and QA/QC Manager for 
review and inclusion in the project file. 
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Chain of Custody Form 


Field personnel completed Chain of Custody Forms for all samples submitted to the laboratory.  
Following completion, the sampling personnel signed and dated the form and submitted the 
samples to the laboratory.  Each person that successively took possession of the samples then 
signed and dated the form, providing documentation that the samples were under the control of a 
designated person at all times.  The Chain of Custody Forms, with all signatures, were provided 
with the final reports from the laboratory. 


Samples were treated in an appropriate and suitable manner for delivery to the analytical 
laboratory.  All packaging and labels complied with Federal DOT regulations as provided in 49 
C.F.R. 171-178.  Specific requirements for sample shipment were outlined in the QAPP. 


QA/QC 


Data quality was assessed on all field samples and corresponding laboratory QA/QC samples 
following the recommended procedures outlined in the following documents: 


• EPA Region II Standard Operating Procedure (SOP) HW-22: Validating Semivolatile 
Organic Compounds by SW-846 Method 8270 (Rev 2, June 2001);  


• EPA Region II SOP HW-23B: Validating PCB Compounds by SW-846 Method 8082 
(Rev 1.0, May 2002);  


• EPA Region II SOP HW-19: Validating PCDDs and PCDFs by HRGC/HRMS (Rev 1.0, 
October 1994); and 


• EPA Contract Laboratory Program (CLP) National Functional Guidelines for Inorganic 
Data Review (February 1994). 


 


The EPA Guidelines were employed for the validation, as the guidelines were written for CLP 
methodologies and SW-846 methods, which were used for this investigation.  Rationale is 
provided for cases where professional judgment is used to determine data quality.  For silica 
analyses, the data quality was assessed in accordance with the requirements of the National 
Institute for Occupational Safety and Health (NIOSH) Method 7500.  The following information, 
along with the requirements of the specific methods, was used to assess the quality of the 
analytical results: 
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• Holding Times; 


• Instrument Tunes (Dioxins, PAHs); 


• Initial and Continuing Calibration Data; 


• Method Blanks; 


• Surrogate Recovery Data; 


• Laboratory Control Samples; 


• Matrix Spike/Matrix Spike Duplicates; 


• Retention Time Data (Dioxins, PCBs); 


• Internal Standard Data (PAHs, Dioxins); and 


• Duplicate Sample Results. 


 


The number/type of QA/QC samples is presented in Table 2. 


Method Detection Limits 


Method Detection Limits (MDLs) represent the lowest concentration a laboratory analysis can 
quantify with confidence.  The presence of a detectable analyte in a sample indicates that the 
concentration of the analyte exceeds the MDL.  Non-detectable concentrations indicate that the 
selected analyte was not present in a concentration that exceeded the MDL, but it does not 
indicate that the selected contaminant is absent from the sample in concentrations lower than the 
MDL. 


In general, MDLs are established through the analytical method, the measuring instrument’s 
sensitivity, the amount of interference from the sample matrix, the concentration of the analytes, 
and the Data Quality Objectives of the project.  The laboratories contracted for this project 
established MDLs for each analysis that are consistent with standard industry practice and are 
sufficiently low (in the absence of matrix interference or elevated concentrations requiring 
sample dilution) to permit evaluation. 


Reporting Units 


Upon completion of the analyses, the contract laboratories reported the results by analyte.  For 
wipe, bulk carpeting, and micro-vacuum samples, the analytical results were presented in the 
ratio of mass of the analyte over the sample collection area.  For bulk dust samples, the 
analytical results were presented in the ratio of the mass of the analyte over the mass of the 
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sample.  Table 4 presents the units the laboratory reported by analyte and sample type.  To 
complete the evaluation, the wipe, bulk carpeting, and micro-vacuum sample results were scaled 
to the industry standard ratio of ug/meter2 (ug/m2) or ng/m2 (nanograms per square meter for 
dioxins).   


TABLE 4 
ANALYTE REPORTING UNITS 


Sample Method Analyte Wipe Bulk Carpeting Micro-Vacuum Bulk Dust 
Silica mg/100 cm2 mg/100 cm2 mg/100 cm2 mg/kg 


Dioxin pg/100 cm2 pg/100 cm2 pg/100 cm2 pg/g 
PAHs ug/100 cm2 ug/100 cm2 ug/100 cm2 ug/kg 
PCBs ug/100 cm2 ug/100 cm2 ug/100 cm2 ug/kg 
Metals ug/100 cm2 ug/100 cm2 ug/100 cm2 ug/kg 


Mercury ug/100 cm2 ug/100 cm2 ug/100 cm2 mg/kg 
Notes:   
mg/100 cm2 –  milligrams per 100 square centimeter sampling area  
ug/100 cm2 –  micrograms per 100 square centimeter sampling area 
ug/kg –   micrograms per kilogram 
pg/100 cm2 –  picograms per 100 square centimeter sampling area 
pg/g –   picograms per gram 
mg/kg –   milligrams per kilogram 
 


Equipment Decontamination 


As primarily disposable tools/media were utilized during the sampling process, limited 
equipment decontamination procedures were necessary.  Berger ensured that dedicated (as 
opposed to re-usable) sample collection media were utilized for each wipe/dust sample.  
Examples of measures used to avoid contamination included: 


• The outer case holding the sampling pump was wiped with sterile towelettes; and 


• The extension cord(s) being utilized were wiped utilizing sterile towelettes. 


Mercury Vapor 


As an addition to the original scope of work, one hundred fifty-three (153) direct reading 
samples for mercury vapor were collected using the Jerome Meter 431-X.  The Jerome 431-X 
mercury vapor analyzer uses a patented gold film sensor for accurate detection and measurement 
of toxic mercury vapor in the air. This portable handheld unit can easily be carried to locations 
with mercury concerns for applications such as industrial hygiene monitoring, mercury spill 
clean up and mercury exclusion testing.  Simple, push button operation allows users to measure 
mercury levels from 0.003 to 0.999 mg/m3 in just seconds.  The sampling was performed on ten 
floors of the building on September 3, 2004 during an approximately 8-hour time period, with 
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approximately four (4) hours of actual sampling time.  Each of the ten floors where sampling 
was performed was divided into approximately 15 areas.   


2.4 Visual Mold Inspection 


Berger performed an initial visual inspection of readily accessible areas within the Building to 
assess the presence and, if any, the quantity of mold or mold precursors (e.g., water-damaged 
building materials or water infiltration).  The inspection was performed systematically from the 
top of the Building to the Basement levels.  Accessible surfaces on all floors of the Building 
were visually inspected for evidence of mold and its precursors.  The space above the suspended 
ceiling (plenum) was only investigated in instances where stained ceiling tiles were noted or 
where ceiling tiles were missing.  All materials suspected of being impacted by mold were 
quantified in SF in field notebooks and the locations depicted on building floor plans. 
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3.0 RESULTS 


The following subsections present the results of the Asbestos Building Inspection and Material 
Survey, the Dust Characterization for Asbestos, the Dust Characterization for Other Analytes, 
and the Visual Mold Inspection.  Full data summary tables and final analytical laboratory reports 
are presented in the Appendices attached to this Report (in separate volumes). 


3.1 Asbestos Building Inspection and Material Survey 


A summary of the asbestos inspection findings and laboratory results of all building materials 
sampled and analyzed are presented in two tables located in Appendix B.  Table 5 below 
presents the total quantities of materials being confirmed via laboratory analysis as having an 
amount greater than one percent asbestos: 


• Floor tiles on various floors; 


• Associated mastic on floor tiles on various floors; 


• Associated mastic on linoleum sheeting on 18th Floor; 


• Duct joint caulking on 23rd and 40th Floors; 


• Sealant at cable entrances in Basement; 


• Pipe insulation on different floors; 


• Transite walls on 5th and 40th Floors; 


• Wall/floor joint tar material in Gash Area; 


• Fan room walls insulation on 40th Floor; 


• Caulking material at roof fans; 


• Window caulking on roof; 


• Exterior sealant and caulking material on curtain wall; and 


• Baseboard mastic. 


 


An approximate total of 154,940 SF and 95,150 LF of ACM were identified throughout the 
Building.  A summary of the findings are displayed in the following tables: 
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TABLE 5 
SUMMARY OF INSPECTION RESULTS  


FOR CONFIRMED ASBESTOS-CONTAINING BUILDING MATERIALS 


APPROXIMATE 
QUANTITY 


CONFIRMED 
ACM 


SF LF 


FR
IA


B
IL


IT
Y


†  


NOTES / LOCATION 


12” x 12” Floor 
Tiles & Associated 
Mastic 


123,780   Non-
friable 


Approximately 123,780 SF of asbestos-containing “Floor Tiles & 
Associated Mastic” were identified in the following locations: 30 SF 
in Basement B; 28,000 SF (2 Layers) in Basement A; 10,500 SF on 
1st Floor; 800 SF on 2nd Floor; 4,500 SF on 3rd Floor; 2,000 SF on 5th 
& 6th Floors;  400 SF on 7th Floor; 10,500 SF on 9th Floor; 900 SF on 
10th Floor; 7,000 SF on 11th Floor; 6,150 SF on 14th Floor; 150 SF on 
15th Floor; 300 SF on 17th Floor; 350 SF on 18th Floor; 950 SF on 
19th Floor; 300 SF on 20th Floor; 600 SF on 22nd Floor;  2,250 SF on 
23rd Floor;  260 SF on 24th Floor; 6,000 SF on 25th Floor;  1,000 SF 
on 26th Floor;  1,620 SF on 28th Floor;  400 SF on 29th Floor; 2,100 
SF on 30th Floor; 3,800 SF on 31st Floor; 500 SF on 32nd Floor;  
5,700 SF on 33rd Floor; 5,200 SF on 34th Floor;  800 SF on 35th 
Floor;  50 SF on 36th Floor;  2,550 SF on 37th Floor; 3,120 SF on 38th 
Floor; 5,500 SF on 39th Floor;  and 9,500 SF on 40th and 41st Floors. 


Sealant at Cable 
Entrances 50   Non-


friable Located in Basement A. 


24” Pipe Insulation   300 Friable Located in Basement A. 


30” Pipe Insulation   500 Friable Located in Basement A. 


Transite Board Wall 4,500   Non-
friable Located on the 5th and 6th Floor MER. 


Pipe Insulation, 
Greater Than 12”   1,200 Friable Located on the 5th and 6th Floor MER. 


Gash: Wall/Floor 
Joint Tar Paper 1,710   Non-


friable 


Located in the North Side Gash area: 250 SF on 7th Floor;  250 SF on 
8th Floor;  60 SF on 9th Floor;  200 SF on 10th Floor; 250 SF on 11th 
Floor;  250 SF on 12th Floor;  100 SF on 15th Floor;  100 SF on 16th 
Floor; 250 SF on 17th Floor. 


Linoleum Sheeting 
and Mastic 500   Non-


friable 


Located on the 18th Floor the Linoleum Sheeting material is Non-
ACM.  However it cannot be separated from the underlying ACM 
Mastic material without a contaminated residue.  Remove as ACM. 


Pipe & Fittings 
Insulation at 6”-12” 
Pipe 


  550 Friable Pipe Fittings are non-ACM but remove and dispose of as ACM since 
it cannot be separated from the ACM Piping without contamination. 


HVAC Duct 
Caulking (Joint)   1,510 Friable 1,500 LF on the 23rd Floor and 10 LF on the 40th & 41st Floor MER. 


Transite Wall 20,000   Non-
friable 


Fan Room Walls 
Insulation (Black) 3,000   Non-


friable 


Located on the 40th & 41st Floors. 


Caulking at Fans   50 Non-
friable Located on the Roof. 


Window Caulking   40 Non-
friable  
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TABLE 5 (continued) 
SUMMARY OF INSPECTION RESULTS  


FOR CONFIRMED ASBESTOS-CONTAINING BUILDING MATERIALS 


APPROXIMATE 
QUANTITY 


CONFIRMED 
ACM 


SF LF 


FR
IA


B
IL


IT
Y


†  


NOTES / LOCATION 


Sealant over 
Weather Stripping 
at Metal Column 
Parts 


  45,500 Non-
friable 


Caulking between 
Column Metal 
Covers 


  45,500 Non-
friable 


Located on the Exterior Façade.  (Estimated quantity for 38 Floors.  
Excludes approx. 5,000 LF from Gash area). 


Baseboard Mastic 1,400   Non-
friable 


500 SF on 7th Floor; 100 SF on 12th Floor; 500 SF on 16th Floor; 300 
SF on 23rd Floor. 


Notes: 
* All amounts are approximations, not exact measurements. 
** Estimated quantity for 38 floors. Excludes approximately 5,000 LF from the Gash Area. 
†  Friable ACM is the term given to any material that contains more than one percent asbestos and can be crumbled, pulverized, 
or reduced to powder by hand pressure as per NYSDOL and the EPA.  In New York City, the definition of ‘Friable ACM’ is the 
term given to any material that contains more than one percent asbestos and can be crumbled, pulverized, or reduced to powder 
by hand pressure and/or mechanical means (NYCDEP Title 15 Regulations).  It refers to a material’s likeliness to release 
airborne fibers.  There is a greater possibility that a friable material will release fibers into the air when disturbed than will a non-
friable material (e.g., floor tiles, roofing materials, etc.) thereby causing a potential hazard.  For this Table, the EPA/NYSDOL 
definition of friability was used. 
 


TABLE 6 
SUMMARY OF INSPECTION RESULTS FOR ASBESTOS BY FLOOR 


APPROXIMATE QUANTITY 
FLOOR CONFIRMED ACM 


SF LF 


BASEMENT B     
  12” x 12” Black Floor Tiles 30  
  Associated Mastic on Floor Tiles   


BASEMENT A   
  12” x 12” Floor Tile/3rd Layer (Black) 14,000  
  12” x 12” Floor Tile/3rd Layer (Light Brown)   
  Associated Mastic on Floor Tiles   
  12” x 12” Floor Tile/2nd Layer (Dark Grey) 12,000  
  Associated Mastic on Floor Tiles   
  12” x 12” Floor Tile (Black) 2,000  
  Sealant at Cable Entrances 50  
  24” Pipe Insulation  300 
  30” Pipe Insulation  500 
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TABLE 6 (continued) 
SUMMARY OF INSPECTION RESULTS FOR ASBESTOS BY FLOOR 


APPROXIMATE QUANTITY 
FLOOR CONFIRMED ACM 


SF LF 


1ST FLOOR   
  12” x 12” Floor Tiles [2 layers] 10,500  


MEZZANINE   
  12”x12” Beige Floor Tiles 800  


2ND FLOOR   
  NONE   


3RD FLOOR   
  12” x 12” Floor Tile 4,500  
  Associated Mastic on Floor Tiles   


4TH FLOOR   
  NONE   


5TH AND 6TH FLOORS MECHANICAL ROOM   
  Transite Board Wall 4,500  
  Pipe Insulation, Greater Than 12”  1,200 
  12” x 12” Floor Tiles 2,000  
  Associated Mastic on Floor Tiles   


7TH FLOOR   
  12” x 12” Floor Tiles 400  
  Gash: Wall/Floor Joint Tar Paper 250  
  Associated Mastic on Baseboard (Brown) 500  


8TH FLOOR   
  Gash: Wall/Floor Joint Tar Paper 250  


9TH FLOOR   
  12” x 12” Floor Tiles ( Beige) 9,000  
  Associated Mastic on Floor Tiles   
  12” x 12” Floor Tiles 2 Layers (Grey/Composite) 1,500  
  Associated Mastic on Floor Tiles   
  Gash: Wall/Floor Joint Tar Paper 60  


10TH FLOOR   
  12” x 12” Floor Tiles ( Beige) 600  
  12” x 12” Floor Tiles (Black) 300  
  Gash: Wall/Floor Joint Tar Paper 200  


11TH FLOOR   
  12” x 12” Floor Tiles 2nd Layer (Black) 7,000  
  Associated Mastic on Floor Tiles   
  Gash: Wall/Floor Joint Tar Paper 250  


12TH FLOOR   
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TABLE 6 (continued) 
SUMMARY OF INSPECTION RESULTS FOR ASBESTOS BY FLOOR 


APPROXIMATE QUANTITY 
FLOOR CONFIRMED ACM 


SF LF 


  Gash: Wall/Floor Joint Tar Paper 250  
  Associated Mastic on Baseboard (Brown) 100  


14TH FLOOR   
  12” x 12” Floor Tiles 2 Layers (Beige) 6,000  
  12” x 12” Floor Tiles ( Black) 150  


15TH FLOOR   
  12” x 12” Floor Tiles 2nd Layer (Black) 150  
  Gash: Wall/Floor Joint Tar Paper 100  


16TH FLOOR   
  Gash: Wall/Floor Joint Tar Paper 100  
  Associated Mastic on Baseboard (Brown) 500  


17TH FLOOR   
  12” x 12” Floor Tiles ( Black) 300  
  Mastic associated with 12” x 12” Floor Tiles   
  Gash: Wall/Floor Joint Tar 250  


18TH FLOOR   
  12” x 12” Floor Tiles 2nd Layer (Black) 350  
  Linoleum Sheeting 500  
  Associated Mastic on Linoleum Sheeting   


19TH FLOOR   
  12” x 12” Floor Tiles 1st Layer (Beige) 350  
  12” x 12” Floor Tiles 2nd Layer (Black) 600  


20TH FLOOR   
  Pipe Insulation at 6”-12” Pipe  500 
  Pipe Joint Insulation at 1” Pipe  50 
  12” x 12” Floor Tiles (Black) 300  


21ST FLOOR   
  NONE   


22ND FLOOR   
  12” x 12” Floor Tiles 2 Layers (Grey) 600  
  Associated Mastic on Floor Tiles   


23RD FLOOR   
  12” x 12” Floor Tiles 2nd Layer (Black) 250  
  Associated Mastic on Floor Tiles   
  12” x 12” Floor Tiles (Grey) 2,000  
  HVAC Duct Caulking (Joint)  1,500 
  Associated Mastic on Baseboard (Brown) 300  
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TABLE 6 (continued) 
SUMMARY OF INSPECTION RESULTS FOR ASBESTOS BY FLOOR 


APPROXIMATE QUANTITY 
FLOOR CONFIRMED ACM 


SF LF 


24TH FLOOR   
  12” x 12” Floor Tiles (Grey) 260  
  Associated Mastic on Floor Tiles   


25TH FLOOR   
  12” x 12” Floor Tiles (Black) 6,000  


26TH FLOOR   
  12” x 12” Floor Tiles (Beige) 1,000  
  Associated Mastic on Floor Tiles   


27TH FLOOR   
  NONE   


28TH FLOOR   
  12” x 12” Floor Tiles (Grey) 1,500  
  12” x 12” Floor Tiles (Light Brown) 120  


29TH FLOOR   
  12” x 12” Floor Tiles ( Grey) 400  
  Associated Mastic on Floor Tiles   


30TH FLOOR   
  12”x12” Pink Floor Tiles 800  
  Mastic associated with 12”x12” Pink Floor Tiles   
  12”x12” Black Floor Tiles 1,300  
  Mastic Associated with 12”x12” Black Floor Tiles   


31ST FLOOR   
  12”x12” Black Floor Tiles 3,000  
  12'x12” Beige Floor Tiles 800  
  Mastic associated with 12'x12” Beige Floor Tiles   


32ND FLOOR   
  12”x12” Black Floor Tiles 500  
  Mastic Associated with 12”x12” Black Floor Tiles   


33RD FLOOR   
  12”x12” Black Floor Tiles 3,000  
  Mastic associated with 12”x12” Black Floor Tiles   
  12”x12” Floor Tiles [2-layer composite] 2,500  
  Associated Mastic with 12”x12” composite Floor Tiles   
  12”x12” Grey Floor Tiles 200  


34TH FLOOR   
  12”x12” Grey Floor Tiles [2-layer composite] 1,700  
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TABLE 6 (continued) 
SUMMARY OF INSPECTION RESULTS FOR ASBESTOS BY FLOOR 


APPROXIMATE QUANTITY 
FLOOR CONFIRMED ACM 


SF LF 


  Mastic associated with 12”12” Grey Floor Tiles   
  12”x12” Black Floor Tiles [1 layer] 3,500  
  Mastic Associated with 12”x12” Black Floor Tiles   


35TH FLOOR   
  12” x 12” Floor Tiles 2 Layers (Beige) 800  


36TH FLOOR   
  12” x 12” Floor Tiles (Black) 50  
  Associated Mastic on Floor Tiles   


37TH FLOOR   
  12” x 12” Floor Tiles (Brown) 2,500  
  Associated Mastic on Floor Tiles   
  12” x 12” Floor Tiles (Beige) 50  


38TH FLOOR   
  12” x 12” Floor Tiles (Grey) 3,000  
  Associated Mastic on Floor Tiles   
  12” x 12” Floor Tiles Composite 3 Layers (Blue) 120  


39TH FLOOR   
  12” x 12” Floor Tiles 2 Layers (Pink and Tan) 1,500  
  Associated Mastic on Floor Tiles   
  12” x 12” Floor Tiles (Grey) 4,000  
  Associated Mastic on Floor Tiles   


40TH AND 41ST FLOORS MECHANICAL ROOM   
  12” x 12” Floor Tiles (Black) 5,000  
  Associated Mastic on Floor Tiles   
  12” x 12” Floor Tiles (Grey) 4,500  
  Associated Mastic on Floor Tiles   
  Transite Wall 20,000  
  Fan Room Walls Insulation (Black) 3,000  
  HVAC Duct Joint Caulking  10 


ROOF     
  Caulking at Fans  50 
  Window Caulking  40 


EXTERIOR FAÇADE    
  Sealant over Weather Stripping at Metal Column Parts  1,500 
  Caulking between Column Metal Covers (Grey)  1,500 
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TABLE 6 (continued) 
SUMMARY OF INSPECTION RESULTS FOR ASBESTOS BY FLOOR 


APPROXIMATE QUANTITY 
FLOOR CONFIRMED ACM 


SF LF 


  Sealant over Weather Stripping at Metal Column Parts  44,000 
  Caulking between Column Metal Covers (Grey) TBD 44,000 
  95,150 154,940 


Notes: 
* All amounts are approximations, not exact measurements. 
** Estimated quantity for 38 floors. Excludes approximately 5,000 LF from the Gash Area. 


 


Based upon visual observations and experience with similar buildings, Berger also suspects (and 
until proven not to be present assumes) that there is “Filling Material” and/or “Caulking 
Material” in the interstitial spaces of curtain walls within the Building.  While it was not 
authorized as part of the initial investigation, exploratory demolition will be conducted prior to 
deconstruction and a New York City Certified Asbestos Investigator will inspect and collect bulk 
samples for confirmatory testing if suspect materials are identified.   


3.2 Dust Characterization for Asbestos 


Settled dust with visible accumulations of less than one quarter of an inch high was identified 
throughout the Building in locations such as the top of radiator covers, carpets, concrete floors, 
horizontal surfaces on door frames, reception desks, and HVAC units.  Above the suspended 
ceiling, visible dust was identified on top of ceiling tiles, ceiling grids, HVAC ductwork, 
electrical lighting fixtures, and sheetrock ceilings.  Approximately 815 dust samples were 
collected from the interior of the Building and the exterior netting and analyzed using the 
Polarized Light Microscopy (PLM) method.  Additionally, 40 random bulk samples of the dust 
from the interior were collected and analyzed for asbestos using the Transmission Electron 
Microscopy (TEM) method.  Data summary tables are presented in Appendix B and Table 7 
presents a summary of the results of the TEM sampling, by floor. 
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TABLE 7 
SUMMARY OF ASBESTOS DUST TEM RESULTS BY FLOOR 


Location Sample 
Type 


No. of 
Samples 


# 
Detects 


% 
Detects 


# Non-
Detects 


% 
Non-


Detects 


Min. 
Con. 


(structures
/cm2) 


Max. 
Con. 


(structures
/cm2) 


Floor 1 Vac 2 2 100.00% 0 0.00% 269,640 3,852,000 


Floor M Vac 1 1 100.00% 0 0.00% 607,760 607,760 


Floor 2 Vac 1 1 100.00% 0 0.00% 4,879,200 4,879,200 


Floor 3 Vac 2 2 100.00% 0 0.00% 269,640 663,400 


Floor 4 Vac 1 1 100.00% 0 0.00% 102,720 102,720 


Floor 5 Vac 5 4 80.00% 1 20.00% <891 1,305,400 


Floor 7 Vac 1 1 100.00% 0 0.00% 5,350 5,350 


Floor 8 Vac 1 1 100.00% 0 0.00% 178,333 178,333 


Floor 9 Vac 1 1 100.00% 0 0.00% 94,160 94,160 


Floor 10 Vac 1 1 100.00% 0 0.00% 196,880 196,880 


Floor 11 Vac 1 1 100.00% 0 0.00% 64,200 64,200 


Floor 14 Vac 1 1 100.00% 0 0.00% 25,680 25,680 


Floor 15 Vac 1 1 100.00% 0 0.00% 727,600 727,600 


Floor 17 Vac 1 1 100.00% 0 0.00% 299,600 299,600 


Floor 18 Vac 1 1 100.00% 0 0.00% 17,833 17,833 


Floor 20 Vac 1 1 100.00% 0 0.00% 64,200 64,200 


Floor 21 Vac 1 1 100.00% 0 0.00% 205,440 205,440 


Floor 22 Vac 1 1 100.00% 0 0.00% 34,240 34,240 


Floor 24 Vac 1 0 0.00% 1 100.00% <891 <891 


Floor 25 Vac 1 0 0.00% 1 100.00% <891 <891 


Floor 27 Vac 1 1 100.00% 0 0.00% 11,591 11,591 


Floor 28 Vac 1 0 0.00% 1 100.00% <891 <891 


Floor 30 Vac 1 1 100.00% 0 0.00% 203,300 203,300 


 







 
 


PAGE-40 


The Louis Berger Group, Inc. 130 LIBERTY STREET, NEW YORK, NEW YORK
 INITIAL BUILDING CHARACTERIZATION STUDY REPORT


 
 


TABLE 7 (continued) 
SUMMARY OF ASBESTOS DUST TEM RESULTS BY FLOOR 


Location Sample 
Type 


No. of 
Samples 


# 
Detects 


% 
Detects 


# Non-
Detects 


% 
Non-


Detects 


Min. 
Con. 


(structures
/cm2) 


Max. 
Con. 


(structures
/cm2) 


Floor 31 Vac 1 1 100.00% 0 0.00% 42,800 42,800 


Floor 32 Vac 1 1 100.00% 0 0.00% 1,070 1,070 


Floor 34 Vac 1 1 100.00% 0 0.00% <891 <891 


Floor 35 Vac 1 1 100.00% 0 0.00% 41,730 41,730 


Floor 36 Vac 1 1 100.00% 0 0.00% 67,766 67,766 


Floor 39 Vac 1 1 100.00% 0 0.00% 4,280 4,280 


Floor 40 Vac 2 2 100.00% 0 0.00% 214,000 273,920 


Floor 41 Vac 3 2 66.70% 1 33.30% <891 3,332,285 


 


3.3 Dust Characterization for Other Analytes 


The following subsections present the results for each of the analytes (other than asbestos) in 
dust sampled during the Study, including silica (quartz and cristobalite), PAHs, dioxins, PCBs, 
heavy metals, and mercury.  Final laboratory analytical reports and a summary of results are 
included as appendices, which are provided as a separate volume to this report. 


3.3.1 Silica (Quartz and Cristobalite) 


A total of one hundred seventeen (117) wipe and vacuum samples were collected for laboratory 
analysis for quartz and cristobalite.  The results of these analyses are presented in Tables 8 and 9, 
which are differentiated by zone and above/below plenum.  The laboratory reported all results in 
units of either mg/filter (for vacuum samples) or mg/wipe.  These results directly correlate to 
mg/100 cm2, as the vacuum samples and the wipe samples collected represent an area of 100 
cm2.  In order to convert these results to the standard units of ug/m2, the laboratory-provided 
results are multiplied by 100,000 (conversions: 1,000 ug/mg; 10,000 cm2/m2).  Note that Zones 5 
and 6 contain samples that were collected from exterior surfaces, and those results are not 
included in the above/below the plenum table.   
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TABLE 8 
SUMMARY OF QUARTZ AND CRISTOBALITE 


SAMPLE ANALYSIS RESULTS BY ZONE 


QUARTZ 


Zone Sample 
Type 


No. 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


1 Vac 30 0 0.0% 30 100.0% 71,000 10,000,000 
Totals  30 0 0.0% 30 100.0%     


Wipe 1 0 0.0% 1 100.0% 530,000  530,000  
2 


Vac 39 1 2.6% 38 97.4% 500 2,400,000 
Totals  40 1 2.5% 39 97.5%     


3 Vac 34 0 0.0% 34 100.0% 1,000 3,500,000 
Totals  34 0 0.0% 34 100.0%     


4 Vac 7 2 28.6% 5 71.4% 23,000 6,700,000 
Totals  7 2 28.6% 5 71.4%     


5 Vac 4 0 0.0% 4 100.0% 1,500 12,000 
Totals   4 0 0.0% 4 100.0%     


6 Wipe 3 0 0.0% 3 100.0% 320,000 1,800,000 
Totals   3 0 0.0% 3 100.0%     


TOTALS 118 3 2.6% 115 97.4% 500 10,000,000 


CRISTOBALITE 


Zone Sample 
Type 


No. 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


1 Vac 30 30 100.0% 0 0.0%   
Totals  30 30 100.0% 0 0.0%   


2 Wipe 1 1 100.0% 0 0.0%   
 Vac 39 39 100.0% 0 0.0%   


Totals  40 40 100.0% 0 0.0%   
3 Vac 34 34 100.0% 0 0.0%   


Totals  34 34 100.0% 0 0.0%   
4 Vac 7 6 87.5% 1 12.5% 2,800 2,800 


Totals  7 6 87.5% 1 12.5%   
5 Vac 4 4 100.0% 0 0.0%   


Totals  4 4 100.0% 0 0.0%   
6 Wipe 3 2 66.7% 1 0.0% 340,000 340,000 


Totals   3 2 66.7% 1 0.0%     


TOTALS 118 116 98.3% 2 1.7% 2,800 340,000 
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TABLE 9 
SUMMARY OF QUARTZ AND CRISTOBALITE 


SAMPLE ANALYSIS RESULTS ABOVE AND BELOW PLENUM 


QUARTZ 


A/B 
Plenum 


Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Vac 26 1 3.8% 25 96.2% 1,000 1,200,000 
Wipe 1 0 0.0% 1 100.0% 530,000 530,000 


Below Plenum 
Vac 84 2 2.4% 82 97.6% 500 10,000,000 


TOTALS 111 3 2.7% 108 97.3% 500 10,000,000 


 


CRISTOBALITE 


A/B 
Plenum 


Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Vac 26 26 100.0% 0 0.0%   
Wipe 1 1 100.0% 0 0.0%   


Below Plenum  
Vac 84 83 98.8% 1 1.2% 2,800 2,800 


TOTALS 111 110 99.1% 1 0.9% 2,800 2,800 
 
3.3.2 PAHs 


One hundred twenty-five (125) samples were analyzed for PAHs.  A summary of the laboratory 
analytical results are presented below on Tables 10 and 11, which are differentiated by zone and 
above/below plenum.  The laboratory reported all results in units of either ug/wipe or ug/sample 
(for bulk samples).  These results directly correlate to ug/100 cm2, as the wipe and the bulk 
samples collected represent an area of 100 cm2.  In order to convert these results to the standard 
units of ug/m2, the laboratory-provided results are multiplied by 100 (conversion: 10,000 
cm2/m2).  The World Health Organization (WHO) has established a convention whereby the 
results for seven PAH compounds (i.e., benzo(a)pyrene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-
cd)pyrene) are expressed as a toxicity equivalency concentration (TEQ).  The TEQ is based upon 
toxicity equivalency factors (TEF) referenced to benzo(a)pyrene, which is the most toxic of the 
PAHs.  The TEQ is computed by multiplying the concentration of each compound by the TEF.  
The products of the individual concentrations and the TEFs are then added to obtain the TEQ for 
that sample.  For this investigation, one-half of the detection limit was used for compounds that 
were not detected.  Note that Zones 5 and 6 contain samples that were collected from exterior 
surfaces and those results are not included in the above/below plenum table. 
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TABLE 10 
SUMMARY OF PAH 


SAMPLE ANALYSIS RESULTS BY ZONE 


Zone Sample 
Type 


No. 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 (TEQ) 


Max Conc. 
ug/m2 (TEQ) 


Wipe 30 0 0.0% 30 100.0% 3 5,028 
1 


Bulk 2 0 0.0% 2 100.0% 58 58 
Totals  32 0 0.0% 32 100.0%   


Wipe 29 0 0.0% 29 100.0% 58 1,857 
2 


Bulk 10 0 0.0% 10 100.0% 58 11,555 
Totals  39 0 0.0% 39 100.0%   


Wipe 28 0 0.0% 28 100.0% 578 1,156 
Bulk 9 0 0.0% 9 100.0% 578 578 3 
Vac 1 0 0.0% 1 100.0% 578 578 


Totals  38 0 0.0% 38 100.0%   
Wipe 7 0 0.0% 7 100.0% 1,156 1,156 


4 
Bulk 2 0 0.0% 2 100.0% 5,778 5,778 


Totals  9 0 0.0% 9 100.0%   
5 Wipe 4 0 0.0% 4 100.0% 578 788 


Totals  4 0 0.0% 4 100.0%   
6 Wipe 3 0 0% 3 100.0% 578 1,156 


Totals  3 0 0% 3 100.0%   
TOTALS 125 0 0% 125 100.0% 3 11,555 


 
TABLE 11 


SUMMARY OF PAH 
SAMPLE ANALYSIS RESULTS ABOVE AND BELOW PLENUM 


A/B 
Plenum 


Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 (TEQ) 


Max Conc. 
ug/m2 (TEQ) 


Above Plenum Wipe 26 0 0.0% 26 100.0% 58 578 
Wipe 68 0 0.0% 68 100.0% 3 5,028 Below 


Plenum Bulk 24 0 0.0% 24 100.0% 58 11,555 
TOTALS 118 0 0.0% 118 100.0% 3 11,555 


 


3.3.3 Dioxin 


One hundred twenty-four (124) samples were analyzed for dioxin concentrations.  A summary of 
the laboratory analytical results is presented below on Tables 12 and 13, which are differentiated 
by zone and above/below plenum.  The laboratory reported all results in units of picograms (pg) 
per sample.  These results directly correlate to pg/100 cm2, as the wipe and the bulk samples 
collected represent an area of 100 cm2.  In order to convert these results to the typical units used 
for dioxin, which is nanograms (standard units of ng/m2), the laboratory-provided results are 
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multiplied by 0.1 (conversions: 1,000 pg/ng; 10,000 cm2/m2).  The WHO has established a 
convention whereby the results for all dioxin compounds are expressed as a toxicity equivalency 
concentration (TEQ).  The TEQ is based upon TEF referenced to 2,3,7,8 TCDD, which is the 
most toxic of the dioxin compounds.  The TEQ is computed by multiplying the concentration of 
each compound by the TEF.  The products of the individual concentrations and the TEFs are 
then added to obtain the TEQ for that sample.  For this investigation, one-half of the detection 
limit was used for compounds that were not detected.  Note that Zones 5 and 6 contain samples 
that were collected from exterior surfaces and those results are not included in the above/below 
plenum table. 


 
TABLE 12 


SUMMARY OF DIOXIN 
SAMPLE ANALYSIS RESULTS BY ZONE 


Zone Sample 
Type 


No. 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ng/m2 (TEQ) 


Max Conc. 
ng/m2 (TEQ) 


1 Wipe 32 0 0.0% 32 100.0% 5.5 33.5 
Totals  32 0 0.0% 32 100.0%   


Wipe 29 0 0.0% 29 100.0% 1.22 32.8 
2 


Bulk 9 0 0.0% 9 100.0% 0.67 46.1 
Totals  38 0 0.0% 38 100.0%   


Wipe 26 0 0.0% 26 100.0% 2.53 34.8 
3 


Bulk 10 0 0.0% 10 100.0% 1.24 84.8 
Totals  36 0 0.0% 36 100.0%   


4 Wipe 8 0 0.0% 8 100.0% 12.9 22.9 
Totals  8 0 0.0% 8 100.0%   


Wipe 4 0 0.0% 4 100.0% 3.92 214 
5 


Bulk 3 0 0.0% 3 100.0% 4.2 26.6 
Totals  7 0 0.0% 7 100.0%   


6 Wipe 3 0 0.0% 3 100.0% 3.11 13.2 
Totals  3 0 0.0% 3 100.0%   


TOTALS  124 0 0.0% 124 100.0% 0.67 214 
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TABLE 13 
SUMMARY OF DIOXIN 


SAMPLE ANALYSIS RESULTS ABOVE AND BELOW PLENUM 


A/B 
Plenum 


Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ng/m2 (TEQ) 


Max Conc. 
ng/m2 (TEQ) 


Above 
Plenum Wipe 29 0 0.0% 29 100.0% 3.22 30.3 


Wipe 58 0 0.0% 57 100.0% 1.2 34.8 Below 
Plenum Bulk 18 0 0.0% 18 100.0% 0.67 214 


TOTALS 105 0 0.0% 105 100.0% 0.67 214 


 


3.3.4 PCBs 


One hundred and twenty-five (125) samples were collected and analyzed for PCBs.  A summary 
of the laboratory results are presented below on Tables 14 and 15, which are differentiated by 
zone and above/below plenum.  The laboratory reported all results in units of either ug/filter or 
ug/sample (for bulk samples).  These results directly correlate to ug/100 cm2, as both the wipe 
area and bulk sample areas correspond to 100 cm2.  In order to convert these results to the 
standard units of ug/m2, the laboratory-provided results are multiplied by 100 (conversion: 
10,000 cm2/m2).  Note that Zones 5 and 6 contain samples that were collected from exterior 
surfaces and those results are not included in the above/below plenum table. 


 
TABLE 14 


SUMMARY OF PCB 
SAMPLE ANALYSIS RESULTS BY ZONE 


Zone Sample 
Type 


No. 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Wipe 30 25 83.3% 5 16.7% 58 120 
1 


Bulk 2 1 50.0% 1 50.0% 97 110 
Totals  32 26 81.3% 6 18.8%   


Wipe 29 28 96.6% 1 3.4% 63 63 
2 


Bulk 10 10 100.0% 0 0.0%   
Totals  39 38 97.4% 1 2.6%   


Wipe 28 28 100.0% 0 0.0%   
3 


Bulk 10 8 80.0% 2 20.0% 360 360 
Totals  38 36 94.7% 2 5.3%   


Wipe 7 6 85.7% 1 14.3% 120 120 
4 


Bulk 2 2 100.0% 0 0.0%   
Totals  9 8 88.9% 1 11.1%   


5 Wipe 4 4 100.0% 0 0.0%   
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TABLE 14 (continued) 
SUMMARY OF PCB 


SAMPLE ANALYSIS RESULTS BY ZONE 


Zone Sample 
Type 


No. 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Totals  4 4 100.0% 0 0.0%   
6 Wipe 3 3 100.0% 0 0.0%   


Totals  3 3 100.0% 0 0.0%   
TOTALS 125 115 92.0% 10 8.0% 58 360 


 
TABLE 15 


SUMMARY OF PCB 
SAMPLE ANALYSIS RESULTS ABOVE AND BELOW PLENUM 


A/B 
Plenum 


Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 25 96.2% 1 3.8% 63 63 
Wipe 68 62 91.2% 6 8.8% 58 120 Below 


Plenum 
  Bulk 23 21 87.0% 3 13.0% 97 360 


TOTALS 117 107 91.5% 10 8.5% 58 360 


 


3.3.5 Heavy Metals 


One hundred twenty-five (125) samples were collected and analyzed for heavy metals, 
specifically, barium, beryllium, cadmium, chromium, copper, lead, manganese, nickel, and zinc. 
 A summary of the analytical results are presented below in Tables 16 and 17, which are 
differentiated by zone and above/below plenum.  The laboratory reported all results in units of 
either ug/filter or ug/sample (for bulk samples).  These results directly correlate to ug/100 cm2, 
as both the wipe area and bulk sample areas correspond to 100 cm2.  In order to convert these 
results to the standard units of ug/m2, the laboratory-provided results are multiplied by 100 
(conversion: 10,000 cm2/m2).  Note that Zones 5 and 6 contain samples that were collected from 
exterior surfaces and those results are not included in the above/below plenum table. 
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TABLE 16 
SUMMARY OF HEAVY METALS 


SAMPLE ANALYSIS RESULTS BY ZONE 


BARIUM 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples* 


No. of Non-
Detects 


% of Non-
Detects Detects % of Detects Min. Conc. 


ug/m2 
Max Conc. 


ug/m2 
1 Wipe 30 0 0.0% 30 100.0% 1,340 42,800 
 Bulk 2 0 0.0% 2 100.0% 32,800 44,700 


Totals  32 0 0.0% 32 100.0%   
2 Wipe 29 0 0.0% 29 100.0% 290 5,790 
 Bulk 10 0 0.0% 10 100.0% 2,380 149,000 


Totals  39 0 0.0% 39 100.0%   
3 Wipe 28 0 0.0% 28 100.0% 130 44,000 
 Bulk 10 0 0.0% 10 100.0% 1,290 64,700 


Totals  38 0 0.0% 38 100.0%   
4 Wipe 7 0 0.0% 7 100.0% 1,050 28,400 
 Bulk 2 0 0.0% 2 100.0% 2,620 5,440 


Totals  9 0 0.0% 9 100.0%   
5 Wipe 4 0 0.0% 4 100.0% 390 650 


Totals  4 0 0.0% 4 100.0%   
6 Wipe 3 0 0.0% 3 100.0% 2,180 14,200 


Totals  3 0 0.0% 3 100.0%   


TOTALS  125 0 0.0% 125 100.0% 130 149,000 


BERYLLIUM 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples* 


No. of Non-
Detects 


% of Non-
Detects Detects % of Detects Min. Conc. 


ug/m2 
Max Conc. 


ug/m2 
1 Wipe 30 22 73.3% 8 26.7% 32 390 
 Bulk 2 2 100.0% 0 0.0%   


Totals  32 24 75.0% 8 25.0%   
2 Wipe 29 29 100.0% 0 0.0%   
 Bulk 10 10 100.0% 0 0.0%   


Totals  39 39 100.0% 0 0.0%   
3 Wipe 28 28 100.0% 0 0.0%   
 Bulk 10 9 90.0% 1 10.0% 35 35 


Totals  38 37 97.4% 1 2.6%   
4 Wipe 7 7 100.0% 0 0.0%   
 Bulk 2 2 100.0% 0 0.0%   


Totals  9 9 100.0% 0 0.0%   
5 Wipe 4 4 100.0% 0 0.0%   


Totals  4 4 100.0% 0 0.0%   
6 Wipe 3 3 100.0% 0 0.0%   


Totals  3 3 100.0% 0 0.0%   
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TABLE 16 (continued) 
SUMMARY OF HEAVY METALS 


SAMPLE ANALYSIS RESULTS BY ZONE 


BERYLLIUM (continued) 


Sampling 
Zone 


Sample 
Type 


No. of 
Samples* 


No. of Non-
Detects 


% of Non-
Detects Detects % of Detects Min. Conc. 


ug/m2 
Max Conc. 


ug/m2 


TOTALS  125 116 92.8% 9 7.2% 32 390 


CADMIUM 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples* 


No. of Non-
Detects 


% of Non-
Detects Detects % of Detects Min. Conc. 


ug/m2 
Max Conc. 


ug/m2 
1 Wipe 30 3 10.0% 27 90.0% 140 7,830 
 Bulk 2 2 100.0% 0 0.0%   


Totals  32 5 15.6% 27 84.4%   
2 Wipe 29 25 86.2% 4 13.8% 51 400 
 Bulk 10 10 100.0% 0 0.0%   


Totals  39 35 89.4% 4 10.6%   
3 Wipe 28 10 35.7% 18 64.3% 61 970 
 Bulk 10 6 60.0% 4 40.0% 110 3,490 


Totals  38 16 42.1% 22 57.9%   
4 Wipe 7 4 57.1% 3 42.9% 310 370 
 Bulk 2 2 100.0% 0 0.0%   


Totals  9 6 66.7% 3 33.3%   
5 Wipe 4 4 100.0% 0 0.0%   


Totals  4 4 100.0% 0 0.0%   
6 Wipe 3 1 33.3% 2 66.7% 290 1,110 


Totals  3 1 33.3% 2 66.7%   


TOTALS  125 67 53.6% 58 46.4% 51 7,830 


CHROMIUM 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples* 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


1 Wipe 30 0 0.0% 30 100.0% 570 35,100 
 Bulk 2 0 0.0% 2 100.0% 5,600 7,000 


Totals  32 0 0.0% 32 100.0%   
2 Wipe 29 1 3.4% 28 96.6% 95 2,920 
 Bulk 10 0 0.0% 10 100.0% 910 77,500 


Totals  39 1 2.6% 38 97.4%   
3 Wipe 28 0 0.0% 28 100.0% 49 16,800 
 Bulk 10 0 0.0% 10 100.0% 530 118,000 


Totals  38 0 0.0% 38 100.0%   
4 Wipe 7 0 0.0% 7 100.0% 1,850 11,800 
 Bulk 2 2 100.0% 0 0.0%   


Totals  9 2 22.2% 7 77.8%   
5 Wipe 4 1 25.0% 3 75.0% 110 9,300 


Totals  4 1 25.0% 3 75.0%   
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TABLE 16 (continued) 
SUMMARY OF HEAVY METALS 


SAMPLE ANALYSIS RESULTS BY ZONE 


CHROMIUM (continued) 


Sampling 
Zone 


Sample 
Type 


No. of 
Samples* 


No. of Non-
Detects 


% of Non-
Detects Detects % of Detects Min. Conc. 


ug/m2 
Max Conc. 


ug/m2 
6 Wipe 3 0 0.0% 3 100.0% 4,690 8,200 


Totals  3 0 0.0% 3 100.0%   


TOTALS  125 4 3.2% 121 96.8% 49 118,000 


COPPER 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples* 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


1 Wipe 30 0 0.0% 30 100.0% 5,780 114,000 
 Bulk 2 0 0.0% 2 100.0% 5,570 23,600 


Totals  32 0 0.0% 32 100.0%   
2 Wipe 29 1 3.4% 28 96.6% 340 94,900 
 Bulk 10 1 11.1% 9 88.9% 2,680 103,000 


Totals  39 2 5.3% 37 94.7%   
3 Wipe 28 0 0.0% 28 100.0% 120 145,000 
 Bulk 10 0 0.0% 10 100.0% 1,890 45,200 


Totals  38 0 0.0% 38 100.0%   
4 Wipe 7 0 0.0% 7 100.0% 1,760 21,900 
 Bulk 2 1 50.0% 1 50.0% 3,360 3,360 


Totals  9 1 11.1% 8 88.9%   
5 Wipe 4 2 50.0% 2 50.0% 450 560 


Totals  4 2 50.0% 2 50.0%   
6 Wipe 3 0 0.0% 3 100% 3,680 18,600 


Totals  3 0 0.0% 3 100%   


TOTALS  125 5 4.0% 120 96.0% 120 145,000 


LEAD 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


1 Wipe 30 0 0.0% 30 100.0% 2,470 101,000 
 Bulk 2 0 0.0% 2 100.0% 7,630 27,800 


Totals  32 0 0.0% 32 100.0%   
2 Wipe 29 0 0.0% 29 100.0% 270 10,600 
 Bulk 10 2 22.2% 7 77.8% 2430 71,200 


Totals  39 2 5.3% 36 94.7%   
3 Wipe 28 0 0.0% 28 100.0% 150 57,000 
 Bulk 10 1 12.5% 7 87.5% 1,600 72,400 


Totals  38 1 2.7% 36 97.3%   
4 Wipe 7 0 0.0% 7 100.0% 1,200 29,600 
 Bulk 2 0 0.0% 2 100.0% 2,300 3,360 


Totals  9 0 0.0% 9 100.0%   
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TABLE 16 (continued) 
SUMMARY OF HEAVY METALS 


SAMPLE ANALYSIS RESULTS BY ZONE 


LEAD (continued) 


Sampling 
Zone 


Sample 
Type 


No. of 
Samples* 


No. of Non-
Detects 


% of Non-
Detects Detects % of Detects Min. Conc. 


ug/m2 
Max Conc. 


ug/m2 
5 Wipe 4 0 0.0% 4 100.0% 500 2,070 


Totals  4 0 0.0% 4 100.0%   
6 Wipe 3 0 0.0% 3 100.0% 6,940 29,800 


Totals  3 0 0.0% 3 100.0%   


TOTALS  125 3 2.4% 122 97.6% 150 101,000 


MANGANESE 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples* 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


1 Wipe 30 0 0.0% 30 100.0% 3,080 187,000 
 Bulk 2 0 0.0% 2 100.0% 4,090 17,400 


Totals  32 0 0.0% 32 100.0%   
2 Wipe 29 0 0.0% 29 100.0% 280 15,300 
 Bulk 10 0 0.0% 10 100.0% 19,800 320,000 


Totals  39 0 0.0% 39 100.0%   
3 Wipe 28 0 0.0% 28 100.0% 180 17,700 
 Bulk 10 0 0.0% 10 100.0% 3,910 228,000 


Totals  38 0 0.0% 38 100.0%   
4 Wipe 7 0 0.0% 7 100.0% 7,660 176,000 
 Bulk 2 1 50.0% 1 50.0% 3,010 3,010 


Totals  9 1 11.1% 8 88.9%   
5 Wipe 4 2 50.0% 2 50.0% 230 370 


Totals  4 2 50.0% 2 50.0%   
6 Wipe 3 0 0.0% 3 100.0% 4,390 30,600 


Totals  3 0 0.0% 3 80.0%   


TOTALS  125 3 2.4% 122 97.6% 180 320,000 


NICKEL 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples* 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


1 Wipe 30 0 0.0% 30 100.0% 460 10,500 
 Bulk 2 0 0.0% 2 100.0% 2,840 4,250 


Totals  32 0 0.0% 32 100.0%   
2 Wipe 29 3 10.3% 26 89.7% 61 1,340 
 Bulk 10 1 10.0% 9 90.0% 1,310 9,740 


Totals  39 4 9.8% 35 91.2%   
3 Wipe 28 0 0.0% 28 100.0% 46 4,290 
 Bulk 10 2 12.5% 8 87.5% 300 25,800 


Totals  38 2 2.7% 36 97.3%   
4 Wipe 7 0 0.0% 7 100.0% 1,630 13,400 
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TABLE 16 (continued) 
SUMMARY OF HEAVY METALS 


SAMPLE ANALYSIS RESULTS BY ZONE 


NICKEL (continued) 


Sampling 
Zone 


Sample 
Type 


No. of 
Samples* 


No. of Non-
Detects 


% of Non-
Detects Detects % of Detects Min. Conc. 


ug/m2 
Max Conc. 


ug/m2 
 Bulk 2 1 50.0% 1 50.0% 1,820 1,820 


Totals  9 1 11.1% 8 88.9%   
5 Wipe 4 0 0.0% 4 100.0% 120 410 


Totals  4 0 0.0% 4 100.0%   
6 Wipe 3 0 0.0% 3 100.0% 580 2,920 


Totals  3 0 0.0% 3 100.0%   


TOTALS  125 7 5.6% 118 94.4% 46 25,800 


ZINC 
Sampling 


Zone 
Sample 
Type 


No. of 
Samples* 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


1 Wipe 30 0 0.0% 30 100.0% 22,000 1,040,000 
 Bulk 2 0 0.0% 2 100.0% 36,800 114,000 


Totals  32 0 0.0% 32 100.0%   
2 Wipe 29 0 0.0% 29 100.0% 5,260 421,000 
 Bulk 10 1 10.0% 9 90.0% 9,810 38,600 


Totals  39 1 3.9% 38 96.1%   
3 Wipe 28 0 0.0% 28 100.0% 2,550 644,000 
 Bulk 10 0 0.0% 10 100.0% 11,500 1,140,000 


Totals  38 0 0.0% 38 100.0%   
4 Wipe 7 0 0.0% 7 100.0% 10,500 186,000 
 Bulk 2 1 50.0% 1 50.0% 12,800 12,800 


Totals  9 1 11.1% 8 88.9%   
5 Wipe 4 0 0.0% 4 100.0% 4,440 6,280 


Totals  4 0 0.0% 4 100.0%   
6 Wipe 3 0 0.0% 3 100.0% 16,700 101,000 


Totals  3 0 20.0% 3 100.0%   


TOTALS  125 2 1.6% 123 98.4% 2,550 1,140,000 


 







 
 


PAGE-52 


The Louis Berger Group, Inc. 130 LIBERTY STREET, NEW YORK, NEW YORK
 INITIAL BUILDING CHARACTERIZATION STUDY REPORT


 
 


 


TABLE 17 
SUMMARY OF HEAVY METALS SAMPLE ANALYSIS RESULTS  


ABOVE AND BELOW PLENUM 


BARIUM 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 0 0.0% 26 100.0% 150 10,300 
Wipe 68 0 0.0% 68 100.0% 130 44,000 Below 


Plenum Bulk 24 0 0.0% 24 100.0% 1,290 149,000 
TOTALS  118 0 0.0% 118 100.0% 130 149,000 


BERYLLIUM 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 26 100.0% 0 0.0%   
Wipe 68 60 88.2% 8 11.8% 32 390 Below 


Plenum Bulk 24 1 4.2% 23 95.8% 35 35 


TOTALS  118 87 73.7 31 26.3% 32 390 


CADMIUM 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 18 69.2% 8 30.8% 84 620 
Wipe 68 24 35.3% 44 64.7% 51 7,830 Below 


Plenum Bulk 24 20 83.3% 4 16.7% 110 3,490 


TOTALS  118 62 52.5% 56 47.5% 51 7,830 


CHROMIUM 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 1 3.8% 25 96.2% 78 5,840 
Wipe 68 0 0.0% 68 100.0% 49 35,100 Below 


Plenum Bulk 24 3 12.5% 21 87.5% 530 118,000 


TOTALS  118 4 2.6% 114 97.4% 49 118,000 


COPPER 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 1 3.8% 25 96.2% 290 94,900 
Wipe 68 0 0.0% 68 100.0% 120 145,000 Below 


Plenum Bulk 24 2 8.3% 22 91.7% 1890 103,000 


TOTALS  118 3 2.5% 115 97.5% 120 145,000 


LEAD 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 0 0.0% 26 100.0% 350 10,900 
Below Wipe 68 0 0.0% 68 100.0% 150 101,000 
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Plenum Bulk 24 3 12.5% 21 87.5% 1600 72,400 


TABLE 17 (continued) 
SUMMARY OF HEAVY METALS SAMPLE ANALYSIS RESULTS  


ABOVE AND BELOW PLENUM 


LEAD (continued) 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


TOTALS  118 3 2.5% 115 97.5% 150 101,000 


MANGANESE 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 0 0.0% 26 100.0% 180 15,300 
Wipe 68 0 0.0% 68 100.0% 300 187,000 Below 


Plenum Bulk 24 1 4.2% 23 95.8% 3010 320,000 


TOTALS  118 1 0.8% 117 99.2% 180 320,000 


NICKEL 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 2 7.7% 24 92.3% 46 1,850 
Wipe 68 1 1.5% 67 98.5% 56 13,400 Below 


Plenum Bulk 24 4 16.7% 20 83.3% 300 25,800 


TOTALS  118 7 6.3% 111 93.7% 46 25,800 


ZINC 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 0 0.0% 26 100.0% 2,550 421,000 
Wipe 68 0 0.0% 68 100.0% 2,700 1,040,000 Below 


Plenum Bulk 24 2 8.3% 22 91.7% 9,810 1,140,000 


TOTALS  118 2 1.7% 116 98.3% 2,550 1,140,000 


 


3.3.6 Mercury 


One hundred twenty-five (125) dust samples were collected and analyzed for mercury.  A 
summary of the analytical results are presented below in Tables 18 and 19, which are 
differentiated by zone and above/below plenum.  The laboratory reported all results in units of 
either ug/filter or ug/sample (for bulk samples).  These results directly correlate to ug/100 cm2, 
as both the wipe area and bulk sample areas correspond to 100 cm2.  In order to convert these 
results to the standard units of ug/m2, the laboratory-provided results are multiplied by 100 
(conversion: 10,000 cm2/m2).  Note that Zones 4, 5 and 6 contain samples that were collected 
from exterior surfaces and those results are not included in the above/below plenum table. 
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TABLE 18 
SUMMARY OF MERCURY 


SAMPLE ANALYSIS RESULTS BY ZONE 
MERCURY 


Zone Sample 
Type 


No. 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max 
Conc. 
ug/m2 


Wipe 30 12 40.0% 18 60.0% 1.8 28 
1 


Bulk 2 1 50.0% 1 50.0% 54 54 
Totals  32 13 40.6% 19 59.4%   


Wipe 29 15 51.7% 14 48.3% 0.84 38 
2 


Bulk 10 10 100.0% 0 0.0%   
Totals  39 25 64.1% 14 35.9%   


Wipe 28 5 17.9% 23 82.1% 0.84 160 
3 


Bulk 10 6 66.7% 4 33.3% 7.4 98 
Totals  38 11 28.9% 27 71.1%   


Wipe 7 5 71.4% 2 28.6% 1.3 2.2 
4 


Bulk 2 2 100.0% 0 0.0%   
Totals  9 7 77.8% 2 22.2%   


5 Wipe 4 1 25.0% 3 75.0% 0.84 1.3 
Totals  4 1 25.0% 3 75.0%   


6 Wipe 3 1 33.3% 2 66.7% 5.4 5.8 
Totals  3 1 33.3% 2 66.7%   


TOTALS 125 58 46.4% 67 53.6% 0.84 160 


 


TABLE 19 
SUMMARY OF MERCURY 


SAMPLE ANALYSIS RESULTS ABOVE AND BELOW PLENUM 


MERCURY 
A/B 


Plenum 
Sample 
Type 


Total # of 
Samples 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
ug/m2 


Max Conc. 
ug/m2 


Above Plenum Wipe 26 9 34.6% 17 65.4% 1.1 160 
Wipe 68 28 41.2% 40 58.8% 0.84 160 Below 


Plenum Bulk 24 19 79.2% 5 20.8% 7.4 98 
TOTALS 118 56 47.5% 62 52.5% 0.84 160 


 


In addition to the dust wipe samples, one hundred fifty three direct reading samples for Mercury 
Vapor were collected using the Jerome Meter 431-X.  As described in Section 2.0, the Jerome 
431-X mercury vapor analyzer uses a patented gold film sensor for accurate detection and 
measurement of toxic mercury vapor in the air. This portable handheld unit can easily be carried 
to locations with mercury concerns for applications such as industrial hygiene monitoring, 
mercury spill clean up, and mercury exclusion testing.  Simple, push button operation allows 
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users to measure mercury levels from 0.003 to 0.999 mg/m3 in just seconds.  A summary of the 
results are presented below in Table 20, which is differentiated by floors. 


TABLE 20 
SUMMARY OF MERCURY VAPOR RESULTS 


MERCURY 


Floor Sample 
Type 


Total # 
of 


Readings 


# Non 
Detects 


%Non 
Detects 


# 
Detects 


% 
Detects 


Min Conc. 
mg/m3 


Max Conc. 
mg/m3 


5 & 6th Floor MER Direct 
Reading 17 17 100 % 0 0 <0.003 <0.003 


14 Direct 
Reading 17 17 100 % 0 0 <0.003 <0.003 


17 Direct 
Reading 14 14 100 % 0 0 <0.003 <0.003 


20 Direct 
Reading 16 16 100 % 0 0 <0.003 <0.003 


32 Direct 
Reading 22 22 100 % 0 0 <0.003 <0.003 


35 Direct 
Reading 17 17 100 % 0 0 <0.003 <0.003 


38 Direct 
Reading 17 17 100 % 0 0 <0.003 <0.003 


40th & 41st Floor 
MER 


Direct 
Reading 33 33 100 % 0 0 <0.003 <0.003 


TOTALS 153 153 100 % 0 0 % <0.003 <0.003 


Note: MER = Mechanical Equipment Room 


 


3.4 Visual Mold Inspection 


The non-intrusive visual inspection was performed during May 2004 and building components 
and materials inspected included: 


• Sprayed-on fireproofing ceiling material; 


• Suspended ceiling tiles; 


• Sheetrock wall material; 


• Wall stucco; 


• Carpet; 


• Pipe and fittings insulation material; 


• Water tank insulation wrap material; 


• HVAC duct insulation; and 
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• Other miscellaneous materials. 


 


No evidence of significant water-damaged building materials or active water infiltration was 
noted in the Building, with two exceptions: the Gash Area located on the 7th through 24th Floors 
and Basement B.  The Gash Area is open to the elements and some water infiltration was noted; 
however, the Gash Area has been stripped of finish materials and the presence of water on the 
exposed concrete and steel surfaces has not resulted in mold growth.  In the Basement B, 
standing water was observed in low lying areas of the floor.  Based on conversations with 
Building contractor personnel, the water enters this Building level through the slab and walls, 
and the rate of entry increases after precipitation events.  Berger observed distinct layers of 
mineral deposits on the first row of cinder blocks; however, no mold was observed on the 
concrete floors and low walls in or around the standing water in the Basement B, except where 
noted.  Interstitial spaces and normally concealed areas were not inspected during this initial 
investigation.  For deconstruction, previously concealed areas will be made accessible for a 
detailed inspection.   
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4.0 FINDINGS 


The following subsections present the findings of the Asbestos Building Inspection and Material 
Survey, the Dust Characterization for Asbestos, the Dust Characterization for Other Analytes, 
and the Visual Mold Inspection.  


4.1 Asbestos Building Inspection and Material Survey  


The Asbestos Building Inspection and Material Survey was conducted to facilitate the proposed 
cleaning and deconstruction of the Building and to enable compliance with required 
environmental, health, and safety practices, including, but not limited to, the applicable OSHA 
requirements; TSCA Title II AHERA/ASHARA; New York City Department of Buildings 
(NYCDOB); NYCDEP Title 15; NYSDOL Industrial Code Rule 56; and the EPA’s NESHAP.  
The EPA has set the criteria by which all materials confirmed or assumed to have greater than 
one percent (1%) asbestos are considered to be ACM. 


Approximately 2,000 bulk samples of suspect building materials were collected and analyzed for 
asbestos using the Polarized Light Microscopy (PLM) and/or Transmission Electron Microscopy 
(TEM).  The majority of samples tested negative for asbestos, including spray-on fire-proofing, 
wall-board, roofing materials, and most thermal insulation for piping and ducts.  Other building 
materials tested contained greater than one percent asbestos and are considered asbestos-
containing materials.   


An approximate total of 155,000 SF and 95,000 LF of ACM were identified throughout the 
Building, as follows: 


• Approximately 123,780 SF of asbestos-containing “Floor Tiles & Associated Mastic” 
were identified.   


The Floor Tiles and associated Mastic are considered non-friable materials as per the 
definition by the EPA and NYSDOL.  These materials, however, can be rendered friable 
if impacted using mechanical means as per the NYCDEP definition of friability.  Up to a 
total quantity of 160 SF may be removed using NYCDEP Title 15 non-friable methods.  
Amounts greater than 160 SF, have to be removed utilizing full containment methods.  
The NYCDEP have implemented an approved work procedure for removing such 
materials called Attachment FT, which requires the filing of an NYCDEP Asbestos 
Control Program (ACP) Form ACP-7. 
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• Approximately 50 SF of asbestos-containing “Sealant at Cable Entrances” was identified 
in Basement A. 


• Approximately 300 LF of asbestos-containing “24-inch O.D. Pipe Insulation” was 
identified in Basement A. 


• Approximately 500 LF of asbestos-containing “30-inch O.D. Pipe Insulation” was 
identified in Basement A. 


• Approximately 4,500 SF of asbestos-containing “Transite Wall Board” was identified in 
the 5th and 6th Floor Mechanical Room. 


• Approximately 1,200 LF of asbestos-containing “Pipe Insulation (12-20 inch) O.D.” was 
identified in the 5th and 6th Floor Mechanical Room. 


• Approximately 1,700 SF of asbestos-containing “Wall & Floor Joint Tar Paper” was 
identified in the North Side Gash area. 


• Approximately 500 SF of asbestos-containing “Linoleum Flooring and Mastic” was 
identified on the 18th Floor. 


• Approximately 500 LF of asbestos-containing “Pipe Insulation (6-12 inch) O.D.” was 
identified on the 20th Floor. 


• Approximately 1,510 LF of asbestos-containing “HVAC Duct Joint Caulking” was 
identified on the 23rd Floor and in the Mechanical Rooms.   


• Approximately 20,000 SF of asbestos-containing “Transite Wall Material” was identified 
on the 40th and 41st Floors. 


• Approximately 3,000 SF of asbestos-containing “Wall Insulation Material” was 
identified in the Fan Room in the 40th and 41st Floor Mechanical Rooms. 


• Approximately 50 LF of asbestos-containing “Caulking Material” was identified on the 
fan units on the roof. 


• Approximately 40 LF of asbestos-containing “Window Caulking Material” was identified 
in the masonry openings on the roof. 


• Approximately 1,400 SF of asbestos-containing “Baseboard Mastic” was identified. 
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• Approximately 45,500 LF of asbestos-containing “Sealant Material” was identified over 
the weather stripping at metal column parts located on the exterior façade. This is an 
estimated quantity for 38 Floors, excluding approximately 5,000 LF from the Gash Area.  


Exterior “Sealant Material” is considered non-friable material as per the definition of the 
EPA and NYSDOL.  This material, however, may be rendered friable if impacted using 
mechanical means as per the NYCDEP definition of friability.  As such the NYCDEP has 
established specific work procedures using friable removal methods for the handing and 
disposal of this material.  This work procedure is called Attachment EC and includes the 
filing of an NYCDEP ACP Form ACP-7. 


• Approximately 45,500 LF of asbestos-containing “Exterior Caulking Material” was 
identified between the column metal covers located on the exterior façade.  This is an 
estimated quantity for 38 floors, excluding approximately 5,000 LF from the Gash Area. 


Exterior “Caulking Materials” are considered non-friable materials as per the definition 
of the EPA and NYSDOL.  These materials, however, may be rendered friable if 
impacted using mechanical means as per the NYCDEP definition of friability.  As such 
the NYCDEP has established specific work procedures using friable removal methods for 
the handing and disposal of such materials.  This work procedure is called Attachment 
EC and includes the filing of an NYCDEP ACP Form ACP-7. 


Based upon visual observations and experience with similar buildings, Berger also suspects (and 
until proven not to be present assumes) that there is “Filling Material” and/ or “Caulking 
Material” in the interstitial spaces of curtain walls within the Building.  The confirmation of the 
presence of these materials via exploratory demolition will be conducted prior to disturbing them 
through deconstruction activities and a New York City Certified Asbestos Investigator, who is 
also a NYSDOL certified asbestos inspector, will inspect and collect bulk samples for 
confirmatory testing if suspect materials are identified.   


4.2 Dust Characterization for Asbestos 


The Dust Characterization for Asbestos was also conducted to facilitate the proposed 
deconstruction of the Building and to enable compliance with required environmental, health, 
and safety practices including, but not limited to, the applicable OSHA requirements; TSCA 
Title II AHERA/ASHARA; NYCDOB; NYCDEP Title 15; NYSDOL Industrial Code Rule 56; 
and the EPA’s NESHAP.  The EPA has set the criteria by which all materials confirmed or 
assumed to have greater than one percent (1%) asbestos are considered to be ACM. 
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A total of 815 bulk samples of the settled dust were collected and analyzed at a laboratory via 
PLM analysis. The PLM analysis is specified by the EPA and NYCDEP for quantifying asbestos 
in bulk dust samples.  Although trace amounts of asbestos were identified in some of the 
samples, there were no samples that contained greater than one percent asbestos by PLM. 


In addition to PLM testing, the Study also included TEM testing.  The EPA (AHERA) and 
NYSDOH recognize TEM as being a more precise methodology; PLM is not the best analytical 
technique available to determine concentrations of asbestos fibers in WTC dust.  Friable WTC 
dust in concentrations less than or equal to 1% asbestos still have a significant potential to 
generate elevated airborne concentrations when disturbed.  Forty (40) supplemental screening 
samples of the settled dust were collected from porous and non-porous surfaces and analyzed for 
asbestos using TEM.  The results revealed detectable levels of asbestos above the residential 
background level of 6,192 structures/cm2 identified in the EPA World Trade Center Background 
Study Report Interim Final (April 2003).  The highest concentrations of asbestos were identified 
in the first and second floors, fifth floor mechanical room, and the 40th/41st floor mechanical 
room.  Asbestos was detected in dust at concentrations in excess of 6,192 structures/cm2 on 24 of 
the 31 floors sampled by TEM analysis (77%).  The samples containing asbestos ranged from a 
minimum concentration of less than 891 structures/cm2 (from Floors 5, 24, 25, 28, 34, and 41) to 
a maximum concentration of 4,879,200 structures/cm2 (from Floor 2). 


4.3 Dust Characterization for Other Analytes 


A multi-agency task force was formed following the collapse of the WTC on September 11, 
2001 to develop interim guidance in support of re-occupancy decisions for nearby buildings.  
This task force evaluated impacted indoor environments for the presence and implications of 
contaminants that might pose long-term health risks to local residents.  As part of this evaluation, 
a task force committee was established to identify contaminants of health concern and establish 
health-based benchmarks for those contaminants in support of ongoing cleanup efforts in Lower 
Manhattan prior to reoccupancy by residents.  One outcome of these efforts was the final report 
entitled World Trade Center Indoor Environment Assessment: Selecting Contaminants of 
Potential Concern and Setting Health-Based Benchmarks (May 2003), prepared by the COPC 
Committee of the World Trade Center Indoor Air Task Force Working Group, which the COPC 
Committee used in selecting the compounds of concern for Lower Manhattan clean-up efforts.  
In part, this report stated: 


A systematic risk-based approach was used to select COPC.  The process began 
with the review of an extremely large environmental data set, including indoor 
and outdoor air and dust data.  This was followed by a two-level screening which 
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considered individual contaminant toxicity, the prevalence of a contaminant 
within and across media, and the likelihood that a detected contaminant was 
related to the WTC disaster.  The goal of the process was to identify those 
contaminants most likely to be present within indoor environments at levels of 
health concern. 


The Committee identified asbestos, dioxins, lead, PAHs, fibrous glass, and crystalline silica as 
the principal COPCs.  These potential contaminants were found to be most consistent in WTC 
dust at levels of health concern in the Lower Manhattan area from previous sampling and testing 
programs conducted by the EPA.  The COPC Committee has also established health-based 
criteria for reoccupancy of residential buildings contaminated with these COPCs.   


Results of the Study regarding the WTC dust COPCs (with the exception of asbestos, which is 
presented in Section 4.2), as well as other analytes that were suspected to be present in the 
Building (namely PCBs, heavy metals, and mercury), are described below:  


Silica (Quartz and Cristobalite) - Silica is the second most common mineral in the earth's crust 
and is a major component of natural sand, rock, and mineral ores.  It is a common component of 
building materials as it is present in sand, concrete, and other materials.  The natural crystalline 
forms of silica include quartz and cristobalite.   


Quartz--There was significant variation in the quartz testing results collected from the Building 
dust samples.  Quartz was detected in 115 of the 118 samples tested.  The samples containing 
quartz ranged from a low concentration of 500 ug/m2 (from Zone 2) to a maximum concentration 
of 10,000,000 ug/m2 (in Zone 1).    This variation in quartz concentrations is consistent with the 
level of disturbance that has occurred within the Building, including the cleaning of the “Gash 
Area,” since September 11, 2001.  The EPA has published residential background levels 
(estimated pre-existing levels) and residential benchmark levels (potential health-based cleanup 
target levels) for many contaminants in WTC-related reports.  While these levels are not directly 
applicable to a commercial deconstruction project, these studies can be used to put the results of 
this Study into relative context.  The Interim Final World Trade Center Background Study 
Report, dated April 2003, identified a representative mean background concentration for 
Manhattan residential buildings for quartz of 79.6 ug/ft2 (approximately 857 ug/m2).  The 
“Benchmarks” table, resulting from the study entitled World Trade Center Indoor Air 
Assessment: Selecting Contaminants of Potential Concern and Setting Health-Based 
Benchmarks, dated May 2003, did not specifically identify a residential health-based benchmark 
for quartz.  This Study has identified quartz concentrations within the Building that exceed the 
background residential level in 111 of the 118 samples analyzed (94%).   
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Cristobalite--There was significant variation in the cristobalite testing results collected from the 
Building dust samples.  Cristobalite was detected in only two of the 118 samples tested.  The 
samples containing cristobalite ranged from a low concentration of 2,800 ug/m2 (from Zone 4) to 
a maximum concentration of 340,000 ug/m2 (in Zone 6).  The EPA has published residential 
background levels (estimated pre-existing levels) and residential benchmark levels (potential 
health-based cleanup target levels) for many contaminants in WTC-related reports.  While these 
levels are not directly applicable to a commercial deconstruction project, these studies can be 
used to put the results of this Study into relative context.  The Interim Final World Trade Center 
Background Study Report, dated April 2003, identified a representative mean background 
concentration for Manhattan residential buildings for cristobalite of 103.7 ug/ft2 (approximately 
1,116 ug/m2).  The “Benchmarks” table, resulting from the study entitled World Trade Center 
Indoor Air Assessment: Selecting Contaminants of Potential Concern and Setting Health-Based 
Benchmarks, dated May 2003, did not specifically identify a residential health-based benchmark 
for cristobalite.  This Study has identified cristobalite concentrations within the Building that 
exceed the background residential level, although only in two of 118 samples (2%).   


Polycyclic Aromatic Hydrocarbons (PAHs) - PAHs are a group of over 100 different chemicals 
that are formed during the incomplete burning of coal, oil and gas, garbage, or other organic 
substances like tobacco or charbroiled meat.  PAHs are very commonly identified constituents in 
materials such as plastic building materials and furnishings, as well as asphalt pavement and 
roofing/sealing materials.  In accordance with conventions established by the World Health 
Organization (WHO), Toxicity Equivalency Factors (TEFs) are applied to seven PAH 
compounds and a Toxicity Equivalency Concentration (TEQ) for PAHs is derived.  This 
convention was applied to the data obtained for this investigation; thus, the PAH concentrations 
reported are the TEQs. 


There was significant variation in the PAH testing results collected from the Building dust 
samples.  The samples containing PAH ranged from a low concentration of 3 ug/m2 (from Zone 
1) to a maximum concentration of 11,555 ug/m2 (in Zone 2).  This variation in PAH 
concentrations is consistent with the level of disturbance that has occurred within the Building, 
including the cleaning of the “Gash Area,” since September 11, 2001.  The EPA has published 
residential background levels (estimated pre-existing levels) and residential benchmark levels 
(potential health-based cleanup target levels) for many contaminants in WTC-related reports.  
While these levels are not directly applicable to a commercial deconstruction project, these 
studies can be used to put the results of this Study into relative context.  The Interim Final World 
Trade Center Background Study Report, dated April 2003, did not specifically identify a 
representative mean background concentration for Manhattan residential buildings for PAH.  
The “Benchmarks” table, resulting from the study entitled World Trade Center Indoor Air 
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Assessment: Selecting Contaminants of Potential Concern and Setting Health-Based 
Benchmarks, dated May 2003, identifies a residential health-based benchmark for PAHs of 150 
ug/m2.  This Study has identified PAH concentrations within the Building that exceed the health 
based benchmark identified in the EPA study in 100 of the 125 samples tested (80%). 


Dioxin - Dioxin is a general term that describes a group of hundreds of chemicals that are highly 
persistent in the environment.  Dioxin is formed as an unintentional by-product of many 
industrial processes involving chlorine such as waste incineration, chemical and pesticide 
manufacturing, and pulp and paper bleaching, and by burning chlorine-based chemical 
compounds with hydrocarbons.  In accordance with conventions established by WHO, TEFs are 
applied to all dioxin compounds and a TEQ for dioxins is derived.  This convention was applied 
to the data obtained for this investigation; thus, the dioxin concentrations reported are the TEQs. 


There was significant variation in the dioxin testing results collected from the Building dust 
samples.  Dioxin was detected in all 124 samples tested.  The samples containing dioxin ranged 
from a low concentration of 1 ng/m2 (from Zone 2) to a maximum concentration of 214 ng/m2 (in 
Zone 5).  These results are consistent with the highly variable nature of WTC dust.  This 
variation in dioxin concentrations is consistent with the level of disturbance that has occurred 
within the Building, including the cleaning of the “Gash Area,” since September 11, 2001.  The 
EPA has published residential background levels (estimated pre-existing levels) and residential 
benchmark levels (potential health-based cleanup target levels) for many contaminants in WTC-
related reports.  While these levels are not directly applicable to a commercial deconstruction 
project, these studies can be used to put the results of this Study into relative context.  The 
Interim Final World Trade Center Background Study Report, dated April 2003, identified a 
representative mean background concentration for Manhattan residential buildings for dioxin of 
0.693 ng/m2. The “Benchmarks” table, resulting from the study entitled World Trade Center 
Indoor Air Assessment: Selecting Contaminants of Potential Concern and Setting Health-Based 
Benchmarks, dated May 2003, identifies a residential health-based benchmark for dioxin of 2 
ng/m2.  This study has identified dioxin concentrations within the Building.  One hundred 
twenty-three of the 124 samples analyzed for dioxin (99%) exceed both the background 
residential level and the health-based benchmark identified in the EPA studies.   


Polychlorinated Biphenyls (PCBs) - PCBs are a group of synthetic organic chemicals that are 
either oily liquids or solids and are colorless to light yellow.  PCBs were detected in 10 of 125 
samples tested (8%).  The samples containing PCBs ranged from a low concentration of 58 
ug/m2 (from Zone 1) to a maximum concentration of 360 ug/m2 (in Zone 3).  These results are 
consistent with the highly variable nature of WTC dust.  This variation in PCB concentrations is 
consistent with the level of disturbance that has occurred within the Building, including the 
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cleaning of the “Gash Area,” since September 11, 2001.  The EPA has published PCB spill 
clean-up criteria for industrial properties of 1,000 ug/m2.  While this level is not directly 
applicable to a commercial deconstruction project, it can be used to put the results of this Study 
into relative context.  This Study did not identify PCB concentrations within the Building that 
exceed this criterion.  


Heavy Metals (Barium, Beryllium, Cadmium, Chromium, Copper, Lead, Manganese, Nickel, and 
Zinc) - Metals are a common component of building materials as well as many natural materials. 
Metals concentrations were detected in all zones for the following metals: barium, copper, 
chromium, lead, manganese, nickel, and zinc.  Beryllium concentrations were detected in Zones 
1 and 3, and cadmium concentrations were detected in Zones 1 through 4, and 6.  Metals 
concentrations detected above and below the plenum varied, depending on the metal, and are 
summarized as shown in Table 21 that follows.   


TABLE 21 
HEAVY METAL CONCENTRATIONS DETECTED 


ABOVE AND BELOW PLENUM 
Metal Above Plenum Below Plenum 
Barium 150 – 10,300 ug/m2 130 – 149,000 ug/m2 


Beryllium Not Detected 32 – 390 ug/m2 
Cadmium 84 – 620 ug/m2 51 – 7,830 ug/m2 
Chromium 78 – 5,840 ug/m2 49 – 118,000 ug/m2 


Copper 290 – 94,900 ug/m2 120 – 145,000 ug/m2 
Lead 350 – 10,900 ug/m2 150 – 101,000 ug/m2 


Manganese 180 – 15,300 ug/m2 300 – 320,000 ug/m2 
Nickel 46 – 1,850 ug/m2 56 – 25,800 ug/m2 
Zinc 2,550 – 421,000 ug/m2 2,700 – 1,114,000 ug/m2 


 


Barium--There was significant variation in the barium testing results collected from the Building 
dust samples.  Barium was detected in all 125 samples tested.  The samples containing barium 
ranged from a low concentration of 130 ug/m2 (from Zone 3) to a maximum concentration of 
149,000 ug/m2 (in Zone 2).  This variation in barium concentrations is consistent with the level 
of disturbance that has occurred within the Building, including the cleaning of the “Gash Area,” 
since September 11, 2001.  The EPA has published residential benchmark levels (potential 
health-based cleanup target levels) for many contaminants in WTC-related reports.  While these 
levels are not directly applicable to a commercial deconstruction project, these studies can be 
used to put the results of this Study into relative context.  The “Benchmarks” table, resulting 
from the study entitled World Trade Center Indoor Air Assessment: Selecting Contaminants of 
Potential Concern and Setting Health-Based Benchmarks, dated May 2003, identifies a 
residential health-based benchmark for barium of 110,000 ug/m2.  This Study has identified 
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barium concentrations within the Building that exceed the health-based benchmark identified in 
the EPA study in only three of the 125 samples tested (2.4%).  


Beryllium-- There was significant variation in the beryllium testing results collected from the 
Building dust samples.  Beryllium was detected in nine of the 125 samples tested.  The samples 
containing beryllium ranged from a low concentration of 32 ug/m2 (from Zone 1) to a maximum 
concentration of 390 ug/m2 (in Zone 1).  This variation in beryllium concentrations is consistent 
with the level of disturbance that has occurred within the Building, including the cleaning of the 
“Gash Area,” since September 11, 2001.  The EPA has published residential benchmark levels 
(potential health-based cleanup target levels) for many contaminants in WTC-related reports.  
While these levels are not directly applicable to a commercial deconstruction project, these 
studies can be used to put the results of this Study into relative context.  The “Benchmarks” 
table, resulting from the study entitled World Trade Center Indoor Air Assessment: Selecting 
Contaminants of Potential Concern and Setting Health-Based Benchmarks, dated May 2003, 
identifies a residential health-based benchmark for beryllium of 3,140 ug/m2.  This Study has not 
identified beryllium concentrations within the Building that exceed the health-based benchmark 
identified in the EPA study.   


Cadmium--There was significant variation in the cadmium testing results collected from the 
Building dust samples.  Cadmium was detected in 58 of the 125 samples tested.  The samples 
containing cadmium ranged from a low concentration of 51 ug/m2 (from Zone 2) to a maximum 
concentration of 7,830 ug/m2 (in Zone 1).  This variation in cadmium concentrations is 
consistent with the level of disturbance that has occurred within the Building, including the 
cleaning of the “Gash Area,” since September 11, 2001.  The EPA has published residential 
benchmark levels (potential health-based cleanup target levels) for many contaminants in WTC-
related reports.  While these levels are not directly applicable to a commercial deconstruction 
project, these studies can be used to put the results of this Study into relative context.  The 
“Benchmarks” table, resulting from the study entitled World Trade Center Indoor Air 
Assessment: Selecting Contaminants of Potential Concern and Setting Health-Based 
Benchmarks, dated May 2003, identifies a residential health-based benchmark for cadmium of 
1,560 ug/m2.  This Study has identified cadmium concentrations within the Building that exceed 
the health-based benchmark identified in the EPA study in six of the 125 samples tested (4.8%).  


Chromium--There was significant variation in the chromium testing results collected from the 
Building dust samples.  Chromium was detected in 121 of the 125 samples tested.  The samples 
containing chromium ranged from a low concentration of 49 ug/m2 (from Zone 3) to a maximum 
concentration of 118,000 ug/m2 (in Zone 3).  This variation in chromium concentrations is 
consistent with the level of disturbance that has occurred within the Building, including the 
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cleaning of the “Gash Area,” since September 11, 2001.  The EPA has published residential 
benchmark levels (potential health-based cleanup target levels) for many contaminants in WTC-
related reports.  While these levels are not directly applicable to a commercial deconstruction 
project, these studies can be used to put the results of this Study into relative context.  The 
“Benchmarks” table, resulting from the study entitled World Trade Center Indoor Air 
Assessment: Selecting Contaminants of Potential Concern and Setting Health-Based 
Benchmarks, dated May 2003, identifies a residential health-based benchmark for chromium of 
4,700 ug/m2.  This Study has identified chromium concentrations within the Building that exceed 
the health based benchmark identified in the EPA study in 38 of the 125 samples tested (30%).   


Copper--There was significant variation in the copper testing results collected from the Building 
dust samples.  Copper was detected in 120 of the 125 samples tested.  The samples containing 
copper ranged from a low concentration of 120 ug/m2 (from Zone 3) to a maximum 
concentration of 145,000 ug/m2 (in Zone 3).  This variation in copper concentrations is 
consistent with the level of disturbance that has occurred within the Building, including the 
cleaning of the “Gash Area,” since September 11, 2001.  The EPA has published residential 
benchmark levels (potential health-based cleanup target levels) for many contaminants in WTC-
related reports.  While these levels are not directly applicable to a commercial deconstruction 
project, these studies can be used to put the results of this Study into relative context.  The 
“Benchmarks” table, resulting from the study entitled World Trade Center Indoor Air 
Assessment: Selecting Contaminants of Potential Concern and Setting Health-Based 
Benchmarks, dated May 2003, identifies a residential health-based benchmark for copper of 
62,700 ug/m2.  This Study has identified copper concentrations within the Building that exceed 
the health-based benchmark identified in the EPA study in six of the 125 samples tested (4.8%).   


Lead--There was significant variation in the lead testing results collected from the Building dust 
samples.  Lead was detected in 122 of 125 samples tested.  The samples containing lead ranged 
from a low concentration of 150 ug/m2 (from Zone 3) to a maximum concentration of 101,000 
ug/m2 (in Zone 1).  This variation in lead concentrations is consistent with the level of 
disturbance that has occurred within the Building, including the cleaning of the “Gash Area,” 
since September 11, 2001.  The EPA has published residential background levels (estimated pre-
existing levels) and residential benchmark levels (potential health-based cleanup target levels) 
for many contaminants in WTC-related reports.  While these levels are not directly applicable to 
a commercial deconstruction project, these studies can be used to put the results of this Study 
into relative context.  The Interim Final World Trade Center Background Study Report, dated 
April 2003, identified a representative mean background concentration for Manhattan residential 
buildings for lead of 1.78 ug/ft2 (approximately 19 ug/m2).  The “Benchmarks” table, resulting 
from the study entitled World Trade Center Indoor Air Assessment: Selecting Contaminants of 
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Potential Concern and Setting Health-Based Benchmarks, dated May 2003, identifies a 
residential health-based benchmark for lead of 25 ug/ft2 (approximately 270 ug/m2).  This Study 
has identified lead concentrations within the Building that exceed both the background 
residential level and the health-based benchmark identified in the EPA studies in 121 of the 125 
samples tested (97%).   


Manganese--There was significant variation in the manganese testing results collected from the 
Building dust samples.  Manganese was detected in 122 of the 125 samples tested.  The samples 
containing manganese ranged from a low concentration of 180 ug/m2 (from Zone 3) to a 
maximum concentration of 320,000 ug/m2 (in Zone 2).  This variation in manganese 
concentrations is consistent with the level of disturbance that has occurred within the Building, 
including the cleaning of the “Gash Area,” since September 11, 2001.  The EPA has published 
residential benchmark levels (potential health-based cleanup target levels) for many 
contaminants in WTC-related reports.  While these levels are not directly applicable to a 
commercial deconstruction project, these studies can be used to put the results of this Study into 
relative context.  The “Benchmarks” table, resulting from the study entitled World Trade Center 
Indoor Air Assessment: Selecting Contaminants of Potential Concern and Setting Health-Based 
Benchmarks, dated May 2003, identifies a residential health-based benchmark for manganese of 
31,400 ug/m2.  This Study has identified manganese concentrations within the Building that 
exceed the health-based benchmark identified in the EPA study in 26 of the 125 samples tested 
(21%).   


Nickel--There was significant variation in the nickel testing results collected from the Building 
dust samples.  Nickel was detected in 118 of the 125 samples tested.  The samples containing 
nickel ranged from a low concentration of 46 ug/m2 (from Zone 3) to a maximum concentration 
of 25,800 ug/m2 (in Zone 3).  This variation in nickel concentrations is consistent with the level 
of disturbance that has occurred within the Building, including the cleaning of the “Gash Area,” 
since September 11, 2001.  The EPA has published residential benchmark levels (potential 
health-based cleanup target levels) for many contaminants in WTC-related reports.  While these 
levels are not directly applicable to a commercial deconstruction project, these studies can be 
used to put the results of this Study into relative context.  The “Benchmarks” table, resulting 
from the study entitled World Trade Center Indoor Air Assessment: Selecting Contaminants of 
Potential Concern and Setting Health-Based Benchmarks, dated May 2003, identifies a 
residential health-based benchmark for nickel of 31,400 ug/m2.  This Study has not identified 
nickel concentrations within the Building that exceed the health-based benchmark identified in 
the EPA study.   
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Zinc--There was significant variation in the zinc testing results collected from the Building dust 
samples.  Zinc was detected in 123 of the 125 samples tested.  The samples containing zinc 
ranged from a low concentration of 2,550 ug/m2 (from Zone 3) to a maximum concentration of 
1,140,000 ug/m2 (in Zone 3).  This variation in zinc concentrations is consistent with the level of 
disturbance that has occurred within the Building, including the cleaning of the “Gash Area,” 
since September 11, 2001.  The EPA has published residential background levels (estimated pre-
existing levels) and residential benchmark levels (potential health-based cleanup target levels) 
for many contaminants in WTC-related reports.  While these levels are not directly applicable to 
a commercial deconstruction project, these studies can be used to put the results of this Study 
into relative context.  The “Benchmarks” table, resulting from the study entitled World Trade 
Center Indoor Air Assessment: Selecting Contaminants of Potential Concern and Setting Health-
Based Benchmarks, dated May 2003, identifies a residential health-based benchmark for zinc of 
470,000 ug/m2.  This Study has identified zinc concentrations within the Building that exceed the 
health-based benchmark identified in the EPA study in six of the 125 samples tested (4.8%).   


Mercury - Mercury is a naturally occurring metal that has several forms.  It is used in electrical 
and temperature controls as well as computer display monitors.  Elemental mercury is a shiny, 
silver-white, odorless liquid.  If heated, it is a colorless, odorless gas.  There was significant 
variation in the mercury testing results collected from the Building dust samples.  Mercury was 
detected in 67 of the 125 samples tested.  The samples containing mercury ranged from a low 
concentration of 1 ug/m2 (from Zone 2) to a maximum concentration of 160 ug/m2 (in Zone 3).  
This variation in mercury concentrations is consistent with the level of disturbance that has 
occurred within the Building, including the cleaning of the “Gash Area,” since September 11, 
2001.  The EPA has published residential benchmark levels (potential health-based cleanup 
target levels) for many contaminants in WTC-related reports.  While these levels are not directly 
applicable to a commercial deconstruction project, these studies can be used to put the results of 
this Study into relative context.  The “Benchmarks” table, resulting from the study entitled 
World Trade Center Indoor Air Assessment: Selecting Contaminants of Potential Concern and 
Setting Health-Based Benchmarks, dated May 2003, identifies a residential health-based 
benchmark for mercury of 157 ug/m2.  This Study has identified mercury concentrations within 
the Building that exceed the health-based benchmark identified in the EPA study in two of the 
125 samples tested (1.6%).   


As described in Section 3.3.6, mercury vapor was not detected in any samples above the 
instrument detection limit.  Results of sampling are shown in Table 22.  All results were non-
detectable, i.e. less than 0.003 mg/m3 and therefore below all relevant occupational exposure 
limits.  Relevant exposure limits for elemental mercury vapor are as follows: 
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TABLE 22 


MERCURY VAPOR OCCUPATIONAL EXPOSURE LIMITS 
Organization Type of Exposure Limit Exposure Limit 


OSHA(1) Ceiling 0.1  mg/m3 
ACGIH(2) 8 Hour Time Weighted Average    0.025 mg/m3 
NIOSH(3) 8 Hour Time Weighted Average  0.05 mg/m3 


(1) OSHA = Occupational Safety and Health Administration 
(2) ACGIH = American Conference of Governmental Industrial Hygienists 
(3) NIOSH = National Institute for Occupational Safety and Health 


 
Results indicate that mercury vapor cartridges for respiratory protection are not required during 
routine activities in the building, i.e., walking around the building to conduct visual surveys.  
The results do not apply to non-routine activities, i.e., construction, where dust and other 
materials that may contain significant levels of elemental mercury could be disturbed.  The 
results identified above, along with subsequent studies, will be utilized in the development of 
cleaning and deconstruction plans that will be protective of workers as well as the general 
public. 


4.4 Visual Mold Inspection (Exposed Surfaces Only) 


The EPA and NYCDOH have both published guidance documents on assessing and remediating 
mold in indoor environments.  The EPA Office of Air and Radiation, Indoor Environments 
Division published Mold Remediation in Schools and Commercial Buildings in March 2001 to 
present recommendations on mold remediation.  The NYCDOH published Guidelines on 
Assessment and Remediation of Fungi in Indoor Environments in January 2002.  Neither the 
EPA nor the NYCDOH regulates mold or mold spores in indoor air.  Both agencies have 
established recommended work practices in assessing and remediating mold in indoor 
environments for the purpose of building reoccupancy.  Additionally, although handling 
measures for mold-impacted or water-damaged building materials are recommended by the EPA 
and NYCDOH, these materials may be safely and legally disposed of as construction and 
demolition debris. 


The visual mold inspection done as part of this initial Study revealed the presence of mold-
impacted building materials on exposed surfaces in seven locations distributed over five different 
floors (11th, 7th, 3rd, Basement A, and Basement B).  The extent of mold at each location ranged 
from six to 24 SF, and in total, 105 SF of mold-impacted building materials were identified.  No 
evidence of significant water-damaged building materials was noted in the Building, although 
active water infiltration was noted in Basement B.  Inspection was not performed for non-
exposed surfaces (i.e., concealed interstitial spaces) and will be performed as part of the 
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supplemental investigations that are being executed in conjunction with the cleaning and 
deconstruction plan development.   
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5.0 CONCLUSIONS AND RECOMMENDATIONS 


The results of the sampling and testing performed for this initial characterization Study revealed 
levels of contaminants that should be cleaned in connection with the deconstruction of the 
Building.  Throughout the Building, ACM was positively identified in various materials.  
Detectable levels of asbestos, silica, PAHs, dioxins, PCBs, and heavy metals (including 
mercury) were also identified in dust above and below the suspended ceilings.  The results 
indicating varying contaminant levels are consistent with the highly variable nature of WTC 
dust.  This variation is also consistent with the level of activity that has occurred within the 
Building, including the cleaning of the “Gash Area,” since September 11, 2001.   


As described herein, there are specific regulations that address ACM for demolition activities 
and ACM have been positively identified in various materials throughout the Building.  
Additionally, detectable levels of asbestos, silica, PAHs, dioxin, PCBs, and heavy metals 
(including mercury) were also identified above and below the suspended ceilings.  To varying 
degrees, exposure to, and/or the potential release of, these materials and chemical constituents 
give rise to the need for appropriate planning, engineering controls, monitoring, and other health 
and safety measures to protect workers and to avoid exposure to the surrounding community. 


The findings of this report can therefore serve as a reference document that will be used by 
LMDC and the deconstruction contractor to determine appropriate methods for the cleaning and 
deconstruction program, such as: planning; permitting; engineering controls; cleaning; 
monitoring; and waste handling/disposal.  In addition, this Study will serve as a baseline for the 
development and execution of any further sampling and testing and/or exposure assessments that 
might be deemed appropriate. 


Further testing is necessary to completely develop the cleaning and deconstruction plan.  To this 
end, LMDC and Berger are currently working to develop and implement a supplemental 
investigation program that, at a minimum, will involve obtaining access to previously 
inaccessible surfaces and interstitial spaces—including the curtain wall, interior walls, the 
exterior of the Building, and cell systems and raceways within the concrete slabs–for testing of 
all of the constituents addressed in the initial characterization study (asbestos and other analytes 
as well as visual inspection for mold).  Berger also recommends additional testing to characterize 
waste materials to be removed for purposes of handling, transportation, storage, and disposal or 
recycling.  The additional information provided from this supplemental testing and inspection 
program will be shared with the deconstruction contractor, regulatory authorities, and the public, 
as part of the finalization and implementation of the cleaning and deconstruction plan. 


Based on the results of this Study, Berger offers the following recommendations:    
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• LMDC should continue to maintain a health and safety plan and external air 
monitoring program.  LMDC should review and modify its health and safety plan and 
external air monitoring program as appropriate to address all of the conditions 
identified in this Study; 


• LMDC should continue to review and address the potential for release of 
contaminants from the Building;  


• LMDC should further develop and implement an emergency action plan for the 
Building; 


• LMDC should conduct further testing as recommended in this Study; 


• LMDC should further develop its plan for cleaning and deconstruction and address 
the contaminants identified in this Study and in the further testing;   


• LMDC should continue to consult with all appropriate regulatory agencies (e.g., New 
York City Department of Environmental Protection (NYCDEP), NYSDOL, EPA, 
New York State Department of Environmental Conservation (NYSDEC), and 
Occupational Safety and Health Association (OSHA)) in order to prepare specific 
cleaning, deconstruction, and environmental monitoring protocols; 


• In connection with the deconstruction plan, LMDC should further develop 
appropriate site-specific health and safety plan documents (including establishing the 
organizational and procedural safeguards to be implemented to ensure the protection 
of site workers and the surrounding community); 


• In connection with the deconstruction plan, LMDC should further develop 
appropriate work and site operations plan documents to cover such items as work 
area controls/limitations, decontamination facilities, engineered containment and 
control systems, monitoring programs, emergency/contingency plans, waste 
management, and assurances that the work will comply with all applicable federal, 
state, and local regulations; 


• LMDC should file appropriate notifications and obtain necessary permits, including 
the Asbestos Control Program 7 (ACP-7), from the appropriate regulatory agencies; 


• As currently contemplated, LMDC should engage a contractor with a NYSDOL 
asbestos handling license, as necessary, to perform the work; and 
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• LMDC should conduct appropriate monitoring and quality assurance/quality control 
inspections throughout the cleaning and deconstruction process. 
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GLOSSARY OF TERMS/ACRONYMS 


 
   
ug  Micrograms 


 
A unit of measure; associated, for the purposes of this report, with quantities of 
COPCs.  Specifically, a microgram is equivalent to 1x10-6 grams. 
 


ACM  Asbestos-containing Materials 
 


AHERA  The Federal Asbestos Hazard Emergency Response Act 
 


Asbestos  For the purposes of this report, any material analyzed and found to contain one 
percent or more asbestos content is considered to be asbestos and can be 
classified as ACM. 
 


ASHARA  The Federal Asbestos School Hazard Abatement Reauthorization Act 
 


Berger  The Louis Berger Group, Inc. 
 
Environmental Consulting firm under contract with LMDC 
 


the Building  For the purposes of this report, this term refers to the specific structure 
physically located at 130 Liberty Street, New York, New York, and within 
which this Initial Building Characterization Study was conducted. 
 


BUR  Built-Up Roof system 
 


CLP  Contract Laboratory Program 
 
Run by EPA 
 


COPC  Contaminants of Potential Concern as defined by the EPA’s Contaminants of 
Potential Concern (COPC) Committee of the World Trade Center Indoor Air 
Task Force Working Group in their report World Trade Center Indoor 
Environment Assessment: Selecting Contaminants of Potential Concern and 
Setting Health-Based Benchmarks (May 2003), including asbestos, dioxins, lead, 
PAHs, fibrous glass, and silica.  COPCs also refers to other analytes suspected of 
being present in the Building including PCBs, heavy metals (barium, beryllium, 
cadmium, chromium, copper, manganese, nickel, and zinc), and mercury. 
 


Damage 
Condition 


 1- If the extent of the damage is roughly ten percent of the material and is 
evenly distributed throughout the material, then the material is considered 
significantly damaged. 


2- If the extent of the damage is roughly 25 percent of the material and is 
localized, then the material is considered significantly damaged. 


 
Demolition  The total razing of a building or an entire portion thereof. Section 56-1.4(ac) of 


NYSDOL 
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Dioxin  A type of COPC for the purposes of this report 


 
DOT  Federal Department of Transportation 


 
ELAP  Environmental Laboratory Approval Program 


 
Run by NYSDOH 
 


EPA  The United States Environmental Protection Agency 
 


SF  Square foot/feet 
 
A unit of measure defining a two-dimensional area encompassing a one foot 
length by a one foot width 
 


Friable ACM  For purposes of this report, friable is a term given to a material that contains 
more than one percent asbestos and can be crumbled, pulverized or reduced to 
powder when dry by hand pressure as per the definition by the Environmental 
Protection Agency and the New York State Department of Labor. 
 
In New York City, the definition of friable ACM refers to any material that 
contains more than one percent asbestos and can be crumbled, pulverized or 
reduced to powder by hand or other mechanical pressure. 
 


HASP  Health and Safety Plan 
 


Heavy metals  For the purposes of this report, heavy metals are a type of COPC.  In particular, 
the following elements are included under this category: barium, beryllium, 
cadmium, chromium, copper, lead, manganese, nickel, and zinc. 
 


HEPA  High Efficiency Particulate Arrestance 
 
Also known as High Efficiency Particulate Air, this device is a filter designed to 
very efficiently remove minute particles from the air. 
 


Homogenous 
group 


 For the purposes of this report, a homogenous group is a number of samples 
assumed to be of the same material that have been obtained from a homogenous 
area, which are considered for analytical purposes to be nearly identical.  This 
type of group classification makes it possible to take advantage of NA/PS 
analysis methods. 
 


HVAC  Heating, Ventilation, and Air-Conditioning 
 


LF  Linear Foot/Feet 
 
A unit of measure defining a one dimensional length of area 
 


LMDC  Lower Manhattan Development Corporation 
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m2  Meter(s) squared 
 
A unit of measure defining a two-dimensional area encompassing a one meter 
length by a one meter width 
 


MEP  Mechanical, Electrical, and Plumbing 
 


Mercury  A type of COPC for the purposes of this report 
 


NA/PS  Not Analyzed/Positive Stop 
 
Efficient and economically beneficial analytical method that reduces the need for 
repetitive analysis of homogenous samples by testing only a limited number of 
samples in the group, as opposed to testing them all 
 


ND  Not detected above the Method Detection Limit (MDL) 
 
For the purposes of this report, when a COPC is not detected using methods 
established in this report to test for specific COPCs within a sample 
 


NESHAP  National Emissions Standards for Hazardous Air Pollutants 
 
Set forth by the EPA 
 


Ng  Nanograms 
 
A unit of measure; associated, for the purposes of this report, with quantities of 
COPCs.  Specifically, a nanogram is equivalent to 1x10-9 grams. 
 


NIOSH  National Institute for Occupational Safety and Health 
 


NIST  National Institute of Standards and Technology 
 


NOB  Non-friable, Organically Bound material 
 


Non-asbestos-
containing 
material 


 For the purposes of this report, this is any material that has less than one percent 
asbestos content as per the EPA-NESHAP. 
 
 


NVLAP  National Voluntary Laboratory Accreditation Program 
 
Run by NIST cooperatively with the NYSDOH ELAP 
 


NYCDEP  New York City Department of Environmental Protection 
 


NYCDOB  New York City Department of Buildings 
 


NYCDOH  New York City Department of Health 
 


NYSDOH  New York State Department of Health 
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NYSDOL  New York State Department of Labor 


 
OSHA  Occupational Safety and Health Administration 


 
PAHs  Polycyclic Aromatic Hydrocarbons 


 
A type of COPC for the purposes of this report 
 


PCBs  Polychlorinated Biphenyls 
 
A type of COPC for the purposes of this report 
 


PEL  Permissible Exposure Limit 
 
Set forth by OSHA for workers engaged in activities, such as demolitions, which 
would bring them into contact with COPCs.  For the purposes of this report, PEL 
refers to airborne COPCs.  
 


Plenum  A type of suspended ceiling commonly found throughout the Building and used 
as a sampling site on various floors.  Samples were collected from either above 
the plenum, or below it. 
 


PLM  Polarized Light Microscopy 
 
An optical microscope utilizing wavelengths of light to obtain information on the 
studied suspected material.  A suspect material immersed in a solution of known 
refraction index and subjected to illumination by polarized light. The resulting 
characteristic color display enables mineral identification. 
 


PPE  Personal Protective Equipment 
 


PVC  Polyvinyl Chloride 
 


QA/QC  Quality Assurance/Quality Control 
 


QAPP  Quality Assurance Project Plan 
 


SAP  Sampling and Analysis Plan 
 


Silica  A type of COPC for the purposes of this report 
 


SOP  Standard Operating Procedure 
 


TEM  Transmission Electron Microscopy 
 
The use of TEM addresses the principle that the limit of an optical microscope’s 
ability to detect objects is affected by the wavelengths of light.  TEM’s 
extremely short wavelength, coupled with simple image presentation, yields 
resolvable images of even the smallest fibers with a resolution of up to 20,000 X. 
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With much greater optical magnification than PLM, TEM is considered the only 
reliable method that can be used to report true negative results from PLM 
analysis of NOB samples as per the NYSDOH ELAP 198.4 Methods. 
 


TSCA  The Federal Toxic Substances Control Act 
 


WTC  World Trade Center 
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ABSTRACT


The tragic events of 9/11/01 and thereafter resulted in the worst environmental


disaster in the history of New York City. Toxic contaminants were dispersed


over a wide geographic area. A variety of exposure scenarios produced clin-


ically diagnosed persistent respiratory and other illnesses in multiple exposure


populations, with fatalities beginning to be reported. Government efforts to


protect public health and to assess and remediate contaminants have been


minimal and sometimes have been driven by political imperatives rather


than by public health principles. This article examines the scope of the envir-


onmental disaster, the statutory requirements that regulate governmental


response, and the nature of government response efforts. It provides the con-


text for a companion article also published in this issue of New Solutions. The


companion article examines a grassroots environmental movement, the


World Trade Center Community Labor Coalition, and its advocacy efforts for


environmental cleanup and for access to health care for impacted populations


and communities.
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Experts and activists noted in early 2002 that the events of September 11, 2001 and


thereafter resulted in “arguably the worst environmental disaster in the history of


New York City” [1]:


Particulate matter and combustion byproducts containing asbestos, lead, mer-


cury, dioxin, PAHs, and other toxic substances not only affected rescue and


recovery workers at ground zero but also infiltrated thousands of residences


and workplaces. . . . An unprecedented amount of asbestos, lead, mercury,


dioxin, and other toxic substances was dispersed throughout neighborhoods


where hundreds of thousands of people live, work, and attend school. In addi-


tion to being victims of a terrorist attack, residents, landlords, workers, and


employers had to bear the burden of environmental testing and decontam-


ination without governmental coordination or adequate financial assistance.


More than five years after the attacks, government agencies at all levels continue


to show little interest in conducting a scientific assessment of the nature and


scope of ensuing contamination or in acknowledging actual and potential adverse


health consequences.


AFFECTED POPULATIONS


New York State issued 2,753 death certificates for people who perished in the


terror attacks on 9/11. Nine additional victims succumbed later from injuries


sustained that day. Forensic evidence was lacking for approximately half of the


victims; due to the magnitude of destruction neither body parts nor personal effects


could be found or identified. The dead included 342 firefighters and 60 police


officers, as well as other responders, workers, and visitors in the World Trade


Center (WTC) complex1 [2]. An unknown number of undocumented workers may


also have perished.


The dead and missing were not the only victims. Lower Manhattan has a


residential population approaching 120,000,2 a daily work population greater than


250,000, a grade K-12 public school population of 8,000, and 45,000 students


in downtown colleges [3, 4]. The structural and environmental damage, street


and area closures, and service disruptions that occurred in the aftermath of the


events of 9/11 caused many residents to flee the area. In the three months


following the attacks, residential vacancy rates rose by 900%, to 45% from 5%


prior to 9/11, reflecting the decisions of many residents to permanently relocate.


Anecdotal accounts of tenant activists indicate that wealthier residents comprised


a disproportionate majority of those able to relocate permanently. In addition,
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1 Other reports tally 343 firefighter fatalities on that day.
2 This figure includes Chinatown, which suffered 9/11 environmental and economic impact. Con-


sideration of Chinatown issues and concerns is often omitted from 9/11 analyses. Chinatown was


largely excluded from the 2002-2003 EPA “test or clean” program and is again largely excluded from


EPA’s recently announced 2007 testing program.







up to 19,000 families were involuntarily displaced and forced to find temporary


lodging, in some cases for more than a year. More than 1,000 businesses in


Lower Manhattan, employing more than 75,000 workers, were displaced and/or


failed [5].


Greater than 40,000 responders, workers, and volunteers on “the pile” at


Ground Zero and at the associated waste transfer sites and forensic search


operations were potentially exposed to toxic contaminants. More than 10,000


building maintenance workers and day laborer cleanup workers who removed dust


and debris on a regular basis at buildings outside Ground Zero were also poten-


tially exposed. In addition, hundreds of construction workers are currently


engaged in the demolition of highly contaminated high rise buildings in Lower


Manhattan and thousands of electrical, telecommunications, and other infra-


structure and service workers regularly engage in disturbance activities in indoor


or underground spaces that may have been contaminated but have not been tested


or cleaned [3].


ENVIRONMENTAL DISASTER


The 9/11 attacks produced two primary sources of environmental contam-


ination—the dust cloud from the collapse of buildings in the World Trade Center


(WTC) complex and the plume of airborne combustion byproducts from the fires


that burned above and below ground for three to five months. Secondary sources


of contamination include particulates disturbed and made airborne by rescue and


recovery operations at Ground Zero; particulates released along the paths and at


the sites of debris and waste transfer operations; the repeated settling out and


resuspension of WTC contaminants that infiltrated indoor spaces; the current and


upcoming demolitions of 9/11-contaminated high-rise buildings; and the massive


reconstruction operations at Ground Zero that will continue for the next decade or


longer [6].


Contaminants were dispersed over a wide area of Lower Manhattan and


Brooklyn, and for “miles beyond” [7]. Hundreds of contaminants have been iden-


tified in air, dust, and bulk samples [7-9]. Toxic contaminants of concern include


asbestos, PCBs (polychlorinated biphenyls), PAHs (polycyclic aromatic


hydrocarbons), man-made vitreous fibers, dioxins/furans, volatile organic com-


pounds, crystalline silica, pulverized glass shards, highly alkaline concrete dust,


and lead, mercury, and other heavy metals.


Hundreds of thousands of environmental samples from Ground Zero and adja-


cent areas of Lower Manhattan were collected and analyzed, in both government


and private efforts. However, the extensive and intensive sampling efforts by


government agencies were neither coordinated, nor comprehensive, nor targeted.


As a result, our knowledge of the nature and scope of 9/11 contamination remains


limited. Consequently, it is not possible, even at this late date, to characterize
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previous or current exposure or risk. There are several reasons why the sampling


data have not been as useful as we would like:


• Sampling of workers and work areas at and around Ground Zero began late


[10] and was conducted only on a limited basis.


• There has been no comprehensive, systematic investigation of potentially


contaminated indoor spaces,3 even though particulate contaminants that infil-


trate indoor spaces persist over time if not subjected to targeted remediation.


• Sampling results have been inconsistent. A large body of data shows no or low


levels of contaminants. A smaller body of data shows elevated or significantly


elevated concentrations of contaminants.


• Government agencies have released voluminous amounts of data which indi-


cate no or low levels of contamination. However, results which demonstrate


higher levels of contamination have in some cases been mischaracterized by


federal and city agencies and/or their release has been delayed, withheld, or


hidden unnoted in lengthy reports [11-13].


• Almost all indoor sampling data were obtained in independent or private


sampling efforts. These data typically are proprietary and not publicly shared.


Government agencies have made no effort to collect or assess these data or to


encourage their release, even with identifying information redacted [14].


Nevertheless, there are substantive, credible data that indicate the possibility of


wide geographic dispersion, outdoors and indoors, of 9/11-derived toxic sub-


stances at levels of concern. For example, EPA test results for samples of dioxin


obtained outdoors from September through November 20014 showed “unambig-


uous elevation” when compared to typical urban background levels.5 An EPA


report noted:


the concentrations to which individuals could potentially be exposed . . .


within and near the WTC site found through the latter part of November,


are likely the highest ambient concentrations that have ever been reported


[emphasis added] [15].


As one journalist noted, these measurements indicate that workers and residents


returning to areas that were reopened to the public as safe one week after 9/11 were
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3 The 2002-2003 EPA “test or clean” program was limited to residences, achieved very limited


participation, and was widely criticized as scientifically and methodologically flawed. Neither EPA nor


OSHA (nor any other government agency) has addressed or proposes to address the issue of 9/11


contaminants in workplaces.
4 EPA released these data, unannounced, in December 2002, over a year after the agency obtained


them.
5 EPA defined typical urban background levels as 0.10 to 0.20 pg TEQ/m3. The highest TEQ con-


centration previously reported in the U.S. was “greater than 1.0 pg/m3, downwind of an incinerator”.


EPA measurements at Ground Zero and at Church and Dey Streets from September 23 through


November 21 ranged from 10 to 170 pg TEQ/m3. EPA measurements at 6 Park Row between October


12 and 29 averaged 5.6 pg TEQ/m3.” (TEQ = toxic equivalent, pg = picogram)







potentially exposed to concentrations of dioxin “nearly six times the highest


dioxin level ever recorded in the U.S.”6 The dioxin concentrations to which


Ground Zero workers were potentially exposed were between 100 and 1,500 times


higher than typical in urban air7 [13].


In another example, benzene was detected in 57 of 96 Ground Zero air samples


at levels ranging from 5 to 86,000 parts per billion (ppb)8 [16]. “Even during


November, readings exceeded OSHA levels in half the tests conducted . . . For


example, on November 8, an EPA grab sample at the North Tower plume detected


180,000 ppb of benzene—180 times above the OSHA limit. Even as late as


January 7, benzene readings were as high as 5,300 ppb” [17].9


In a third example, 12 of 21 personal air samples obtained by the U.S. Public


Health Service from workers sifting WTC debris at the Staten Island landfill


exceeded the OSHA Permissible Exposure Limit for asbestos10 [18]. Sixty percent


of asbestos air samples collected at Ground Zero by the International Union of


Operating Engineers’ National Hazmat Program exceeded the EPA clearance


level, equivalent to the AHERA clearance level of 70 structures per square milli-


meter (s/mm2)11 [19]. Twenty-seven percent of 177 bulk samples collected by


EPA and OSHA at Ground Zero were greater than 1% asbestos12 [20]. Early inde-


pendent air monitoring in two Lower Manhattan apartments found significantly


elevated indoor asbestos levels, including results in one apartment two to five


times EPA’s AHERA clearance level and 89 to 151 times the AHERA limit in the


other apartment”13 [21].
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6 Few indoor spaces were sampled for dioxin, due in part to the high cost and slow turn-around time


of laboratory analysis. However, sampling results from five high-rise commercial, government, and


school buildings (90 Church Street, 100 Church Street, 30 West Broadway, 130 Liberty Street, and 4


Albany Street) showed elevated indoor concentrations of dioxin.
7 Neither EPA nor OSHA regulates exposure to dioxin.
8 The OSHA Permissible Exposure Limit (PEL) for benzene as a time-weighted average over an


8-hour work shift is 1,000 ppb. The OSHA Short Term Exposure Limit (STEL) as a time-weighted


average over a 15-minute period is 5,000 ppb.
9 Because these benzene samples were not collected within workers’ breathing zones, workers’


actual exposures are unknown.
10The World Trade Center was estimated to contain between 400 and 1,000 tons of asbestos in


sprayed-on fireproofing [17]. I worked in the World Trade Center from 1972 to 1975 while it was under


construction and can attest from personal experience to the use of asbestos in sprayed-on fireproofing


as well as in pipe insulation.
11AHERA is the Asbestos Hazard Emergency Response Act (40 CFR 763). The AHERA clearance


level of 70 s/mm2 is approximately equal to 0.02 fibers per cubic centimeter (f/cc), significantly more


protective than the OSHA Permissible Exposure Limit of 0.1 f/cc.
12Asbestos content greater than 1% is the legal definition of asbestos containing material (ACM).


Disturbance of ACM triggers a variety of worker and environmental protection requirements per the


National Emissions Standards for Hazardous Air Pollutants, New York State’s Industrial Code Rule


56, New York City’s Asbestos Control Program, and OSHA’s general industry and construction asbes-


tos standards.
13The AHERA clearance level is 70 s/mm2. Results in one apartment ranged from 141 to 379 s/mm2


and in the other from 6,277 to 10,620 s/mm2.







HEALTH IMPACTS


Within days of the attacks, EPA declared Lower Manhattan’s air “safe to


breathe” [22] and OSHA announced that “it is safe for New Yorkers to go back to


work” [23]. EPA maintained until recently that “short-term health effects dissi-


pated for most once the fires were put out [and] there is little concern about any


long-term health effects” [24]. Unfortunately, there is considerable evidence to the


contrary. It is now well-established that a large and increasing number of people


who were exposed to 9/11 contaminants, primarily rescue and recovery workers


but also area workers and residents, are suffering serious and persistent adverse


health outcomes.


Risk of adverse health impact from exposure to contaminants depends on the


toxicities of the substances and the intensities and duration or frequency of the


exposures. There are multiple and distinct exposure populations:


• persons caught in the dust cloud on 9/11;


• workers and volunteers at Ground Zero and at the associated debris removal


and waste transfer operations;


• immigrant day laborers and building maintenance personnel who engaged on


a regular basis in cleanup of WTC dust and debris at Lower Manhattan


commercial and residential buildings outside Ground Zero;


• workers who engaged in the restoration of essential services at and beyond


Ground Zero (for example, telecommunications, electrical, water, sanitation,


transit, and other workers) and/or workers who continue to engage in


disturbance activities in spaces that have not been tested or cleaned, such as


telecommunications workers in manholes, vaults, basements, and cable


chases;


• workers engaged in the demolition of 9/11-contaminated buildings; and


• residents, workers, and students who remained in or returned to Lower Man-


hattan and were exposed to primary and/or secondary sources of contamination.


Exposed persons may be members of more than one exposure population. Signi-


ficantly, there have been virtually no serious or sustained efforts to characterize


exposure in these distinct populations14 [25].


Broadly categorized, there are four possible health outcomes associated with


exposure to 9/11-derived contaminants: no effect; acute, short-term, reversible


respiratory and skin irritant and allergenic symptoms and illnesses (for example,


upper airway cough syndrome and allergic and irritant-induced rhinitis); onset of


new, or exacerbation of existing, chronic illness (such as reactive airways dys-


function syndrome and chronic rhino-sinusitis); and development of chronic,
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14 Some exposure assessments have been conducted at Ground Zero and at demolition sites, but


these efforts have been limited.







catastrophic illnesses with long latency periods (for example, asbestos-related


cancers and interstitial lung diseases) [26].


The incidence and persistence of 9/11-induced respiratory illness among


response workers and area workers is extensively documented in the scientific lit-


erature, including among rescue, recovery, and service workers [27, 28], fire-


fighters [29-31], transit workers [32], and immigrant day laborer cleanup workers


at buildings outside Ground Zero [33]. Although there is no question that, in


general, those working on the pile experienced more severe exposures and health


impacts than did community residents, students, and workers, comparable respir-


atory impacts have also been documented among these latter groups15 [34-38].


Because Ground Zero workers and other exposure populations may have been


exposed at varying levels to a robust array of carcinogens, including asbestos,


dioxins, silica, benzene, PAHs, and PCBs, there is concern for the potential devel-


opment of late-emerging cancers. Although the latency period for solid tumors is


10 to 50 years, the latency period for hematologic malignancies can be as short as 4


to 5 years [39]. Neither the World Trade Center Medical Monitoring Program nor


the scientific literature has yet reported the occurrence of 9/11-related cancers.16
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Figure 1. “X-Ray Vision.” Reprinted with permission. © Alison Shapiro, 2001.


15 Those caught in the dust cloud and experiencing acute exposures included residents, students, and


area workers as well as first responders.
16 One study concluded that “Exposure to large quantities of known carcinogens released during the


September 11, 2001, collapse of the World Trade Center in New York City and its subsequent cleanup


apparently should have little effect on individuals who lived or worked in the area.” This study did not


investigate medical cases [40].







However, a lawsuit filed by 8,500 responders alleges that 400 have post-


9/11-diagnosed cancers, 75 of which are blood cell cancers [41]. If accurate, this


number would correspond to a higher than expected incidence rate and warrants


further scientific investigation. In addition, the recent deaths of at least four


responders and one area worker from interstitial lung disease have been anec-


dotally linked to WTC exposures and also warrant scientific investigation17 [43].


STATUTORY REQUIREMENTS AND GOVERNMENT RESPONSE


The issues of the applicability of statutory requirements to disaster response


efforts and to subsequent cleanup operations, and of the limits and appropriate


uses of agency discretionary power in the application of legal standards, are central


to assessing governmental response to 9/11.


EPA has legal authority and responsibility to respond to a hazardous substance


release that presents or has the potential to present an imminent and substantial


danger to public health. EPA is required to assume lead authority with regard to


issues of environmental health by the National Response Plan, the National


Contingency Plan, and Presidential Decision Directive (PDD) 62 of 1998.


The Department of Homeland Security’s National Response Plan establishes a


comprehensive approach that mandates federal government coordination with


state and local governments and the private sector in response to terrorism inci-


dents18 [44]. It establishes protocols to help protect the health and safety of the


public, responders, and recovery workers, and to protect property and the environ-


ment. National Response Plan Emergency Support Function #10, the Oil and


Hazardous Materials Response Annex, assigns explicit responsibility to EPA


as both the primary agency and the emergency support function coordinator


in response to an actual or potential discharge or uncontrolled release of hazard-


ous materials.


The National Contingency Plan (NCP), part of the Comprehensive Environ-


mental Response, Compensation, and Liability Act (CERCLA)19, is the federal


plan for responding to hazardous substance releases. The NCP assigns the auth-


ority to respond to the release of hazardous substances to EPA. NCP Section 40


CFR 300.400(d) authorizes the agency to “enter any vessel, facility, establishment


or other place, property, or location . . . and conduct, complete, operate, and main-


tain any response actions . . .” NCP Section 40 CFR 300.3 (d) explicitly states that
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17 However, a New Jersey county coroner who autopsied the body of NYC police officer James


Zadroga determined that his death was caused by exposure to 9/11-derived particulate contaminants


[42].
18 The Federal Response Plan, which preceded the National Response Plan and was in effect on


September 11, 2001, was substantively similar to the NRP. For an overview of the FRP, see


www.au.af.mil/au/awc/awcgate/frp/frpbasic.pdf (accessed October 30, 2006).
19 CERCLA is more commonly known as Superfund.







“the NCP applies to and is in effect when the Federal Response Plan and some or


all its Emergency Support Functions (ESFs) are activated” [45].


PDD 62 names EPA as the lead agency for responding to the release of haz-


ardous materials in a terrorist attack and gives EPA specific responsibility for


indoor remediation20 [46]. Shortly after 9/11, then-EPA Administrator Christine


Whitman confirmed EPA’s responsibility under PDD 62: “Under the provisions of


PDD 62 . . . EPA is assigned lead responsibility for cleaning up buildings and other


sites contaminated by chemical or biological agents as a result of an act of ter-


rorism” [47].21


OSHA in general is legally mandated to “assure safe and healthful working con-


ditions for working men and women,” in part by “providing an effective enforce-


ment program” [48]. Specifically, OSHA is legally mandated to enforce standards


that limit worker exposure to toxic and hazardous substances;22 afford workers


workplaces “free from recognized hazards;”23 require assessment of the hazards to


which workers may be exposed;24 require the use of appropriate respiratory pro-


tection against “occupational diseases caused by breathing air contaminated with


harmful dusts, fogs, fumes, mists, gases, smokes, sprays, or vapors;”25 protect


worker safety and health at cleanup operations involving hazardous sub-


stances at uncontrolled hazardous waste sites;26 and protect the health of workers’


families by preventing transport home of hazardous chemicals and substances on


workers’ clothing.27


EPA made several early decisions which had significant ramifications for pub-


lic health. EPA chose not to consider the WTC site as either a hazardous waste site


under RCRA28 or as a Superfund site29 [49, 50]. This was the first major chemical


or hazardous waste release in 20 years for which EPA did not conduct a site


characterization, according to an EPA senior policy analyst30 [51]. This decision


paved the way for OSHA’s subsequent determination that the strong worker
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20 PDD 62, “Protection Against Unconventional Threats to the Homeland and Americans


Overseas,” dated May 22, 1998, is a classified document. For an unclassified abstract, see


www.ojp.usdoj.gov/odp/docs/pdd62.htm (accessed October 2, 2006).
21 For a more detailed and comprehensive discussion of these legal issues, see Congressman Jerrold


Nadler’s white paper [46].
22 29 CFR 1910.1000.
23 Williams-Steiger Occupational Safety and Health Act of 1970 984 Stat. 1593), Section 5(a)(1).
24 29 CFR 1910-132.
25 29 CFR 1910.134.
26 29 CFR 1910.120.
27 29 USC 671a.
28 Resource Conservation and Recovery Act, U.S. Code, Title 42, Chapter 82.
29 See, for example, the presentation to the New York State Bar Association by the EPA Region 2


General Counsel, in which he argues that various EPA regulations are not applicable to natural or


technological disasters [49].
30 Site characterization is on-site investigation to determine the type(s) and extent of contamination;


it is a pre-requisite to hazard analysis and to selection of appropriate engineering controls, personal pro-


tective equipment, and respiratory protection.







protection requirements of the Hazardous Waste Operations and Emergency


Response Standard31 would not be applied at the WTC site, at cleanup operations


in nearby buildings, or during the demolition of contaminated buildings.


EPA denied that it had legal esponsibility for assessing or addressing indoor


environmental contamination,32 thus defaulting to New York City agencies [11,


46, 49]. Although the New York City Department of Environmental Protection


cleaned dust and contaminants from some building exteriors,33 no government


agency assumed responsibility for indoor spaces. Indoor environmental testing


and remediation in common spaces was left to building owners; testing and reme-


diation of private spaces was left to commercial and residential tenants [11, 46,


53, 54]. In the absence of government technical support, financial assistance,


re-occupancy guidelines, oversight, or enforcement, private environmental sampling


and remediation efforts occurred only on a haphazard, limited, and often ineffectual


basis.


The meager technical advice provided by government agencies was incomplete,


incorrect, contrary to regulatory requirements, and dangerous. EPA press releases


counseled residential and business tenants to clean their indoor spaces using


“appropriate” equipment, following “recommended” and “proper” procedures,


without defining these terms [11]. The New York City Department of Health


(DOH) advised tenants to clean up WTC dust (that is, asbestos and other toxic


substances, in many cases) in their residences and workplaces by shampooing


carpets and using wet rags and mops and HEPA vacuum cleaners or regular


vacuums with HEPA or dust allergen bags [55]. Further, respiratory protection


was not necessary when following DOH cleaning guidelines [55].34


EPA’s public statements mischaracterized sampling results. Its September


18 announcement that the “air is safe to breathe” was not supported by the avail-


able data35 [11, 22]. EPA risk communication statements were altered to


conform to political directives from the White House. “Guidance for


cleaning indoor spaces and information about the potential health effects from


WTC debris were not included in EPA’s issued press releases . . . Reassuring


information was added . . . and cautionary information was deleted” after


intervention by the White House Council on Environmental Quality [11, 46].


Other government agencies also issued inaccurate risk communication
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31 29 CFR 1910.120.
32 Eight months later, under intense public pressure, EPA reversed its position and accepted


responsibility for indoor environmental quality [52].
33 Building facades and roofs were power-washed. Potentially contaminated runoff was sometimes


collected for proper disposal but often was discharged directly into streets and sewers. Worker respir-


atory, eye, and skin protection were often not provided or not utilized.
34 The report of the EPA Inspector General concluded that advice such as this “may have increased


the long-term health risks for those [tenants] who cleaned WTC dust” [11].
35At the time, over 25% of EPA’s dust sample results were greater than 1% asbestos; EPA used


“imprecise” methodologies; and EPA lacked data for many contaminants [11].







statements.36 EPA’s unsupported assurances of lack of risk had the unfortunate


effect of giving a green light to employers and workers not to use respiratory


protection and to landlords, employers, and government agencies that remediation


of contaminants was not necessary [3].


The single government-sponsored cleanup effort, EPA’s 2002-2003 “test or


clean” program, was modest, non-mandatory, limited to residences, and of ques-


tionable scientific and technical merit [11]. Only 4,167 of approximately 23,000


eligible apartments were cleaned or tested (that is, 82% of eligible downtown


apartments were not cleaned or tested)37 [57]. None of the approximately 1,500


commercial and institutional buildings in Lower Manhattan were included in the


program, nor was most of Chinatown or other impacted communities.


Although OSHA immediately rushed personnel to Ground Zero, it focused its


initial response efforts on the Wall Street area, as did other government agencies38


[10, 58]. This was part of a concerted effort to evoke the appearance of a return to


normalcy, which culminated in the reopening of the stock exchange one week after


9/11. “Meanwhile no personal monitoring was being conducted on workers


scouring the debris pile at Ground Zero for possible survivors, even though this


may have been the location of highest exposures”39 [10].


While the agency’s restrained response at Ground Zero was impelled in part by


a legitimate concern to not disrupt initial rescue efforts, the ultimate nature of its


overall response was motivated by the “partnership not enforcement” ideology of


the Bush administration [59, 60]. OSHA described its 9/11-related efforts as “col-


laboration while suspending enforcement and providing consultation, guidance,


and technical assistance with a sound safety and health plan”40 [61]. OSHA’s


decision not to enforce its Respiratory Protection Standard, its Hazardous Waste


Operations and Emergency Response Standard, or its other protective standards


had dire consequences for responders and workers. The percentage of workers “on


the pile” observed to be wearing respirators ranged from 20 to 50 percent;41


the percentage of immigrant day laborers and unionized building maintenance
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36 For example, OSHA announced “it is safe for New Yorkers to go back to work” at the same time it


was detecting 2.1 to 3.3% asbestos in bulk samples on streets outside workplaces [23].
37 Because EPA did not conduct environmental sampling prior to cleaning in most apartments, the


nature and extent of 9/11 contamination in these residences was not determined and can never be


known.
38 However, OSHA did not provide, require, or ensure personal sampling or respiratory protection


for workers in the Wall Street area.
39 The first concerted effort at Ground Zero to collect personal air samples within workers’ breathing


zones was begun on September 19 by the International Union of Operating Engineers [10, 58].
40 A Health and Safety Plan (HASP) was not implemented at the WTC site until October 29, after


seven weeks of the most hazardous work [19].
41 These figures overestimate effective respirator usage as they do not take into account whether the


workers observed were wearing the proper respirators, were wearing them correctly, or were properly


trained and qualified in respirator usage.







workers who wore respirators while cleaning up dust and debris outside Ground


Zero was virtually zero42 [3, 33, 62].


On November 20, 2001, OSHA entered into a formal partnership agreement


with the City of New York, contractors, and construction unions. “In the partner-


ship document, OSHA officially agreed not to issue fines or citations for any kind


of violation, including failure to wear respirators . . . NYCOSH43 pointed out that,


under the agreement, workers lost the right to file complaints and that its ‘no


citation’ element violated OSHA’s rules concerning such agreements” [19].


NYCOSH also cautioned that “regardless of whether this arrangement is work-


ing successfully at Ground Zero, where there are scores of OSHA personnel at all


times, we are concerned that it sets a bad precedent for other future, lower-


profile partnerships where neither active unions nor OSHA personnel will be


omni-present”44 [63].


CONCLUSIONS


Disaster response is built around the basic goals of ensuring the effective


removal of harmful environmental contaminants, protecting worker health, and


protecting public health. Response efforts are predicated upon several funda-


mental assumptions—that the regulatory framework provides a sound basis for


achieving these health goals, that pre-event planning has accurately and adeq-


uately addressed the conditions and situations that are likely to be encountered,


and that the response will be driven by public health principles rather than by


political imperatives. The experience of 9/11 response efforts demonstrates that


these assumptions may not always be valid.


We know now that there is an association between the chronology of fire-


fighters’ 9/11-related exposures and the severity of their adverse health effects,


that is, those caught in the dust cloud and/or those responding at the WTC site in


the first hours or days tend to have higher incidences and greater severities of


health impacts [64]. Presumably, the intensity of exposure and the lack of access to


appropriate respiratory protection were significant factors in this association.


These early exposures were unavoidable. However, the failure of OSHA to effec-


tively require the use of respiratory protection by recovery and cleanup workers at


and around Ground Zero, and the failure to enforce clearly applicable OSHA stan-


dards such as the Respiratory Protection Standard, subjected workers to unneces-


sary and avoidable exposures, with the result that many are now experiencing
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42 Studies on the health consequences of unprotected airborne exposures are cited earlier in this


article.
43 New York Committee for Occupational Safety and Health, a union-based non-governmental


organization. (The author of this article is a staff member of NYCOSH.)
44 Although OSHA has argued that it used discretionary authority when it opted for non-enforcement


at Ground Zero, automatic non-enforcement in disaster response is now official OSHA policy, as


codified in its National Emergency Management Plan [60]. This automatic non-enforcement policy


was implemented in OSHA’s post-Katrina Gulf Coast response.







persistent, disabling respiratory illnesses. Similarly, the failure of EPA to require


or even encourage indoor environmental assessments, and cleanup where


warranted, in commercial and government buildings, coupled with the agency’s


limited and inadequate sampling and cleanup in residential spaces, is likely to have


subjected area workers and residents to additional unnecessary and avoidable


exposures.


Direct political intervention by the White House Council on Environmental


Quality resulted in the issuance by EPA of unsupported and inappropriately reas-


suring risk communication statements to the general public. As a result, workers


and employers were less prone to consider the use of proper respiratory protection


while building owners and employers had little impetus to conduct indoor envir-


onmental sampling and remediation.


Gaps in the regulatory framework resulted in unclear chains of command and


divisions of labor among federal, state, and city agencies. The discretionary auth-


ority granted to agencies by the Federal Response Plan45 was intended to maxi-


mize flexibility in adapting to the exigencies of emergency operations. Instead,


after 9/11, the agencies used the allotted “wiggle room” to shy away from assum-


ing responsibility for environmental health. Large-scale disasters should require a


federally coordinated response with EPA and OSHA as clearly delineated lead


agencies, with enforcement power. Additionally, regulatory limits for exposure to


a number of 9/11 contaminants of concern, such as dioxins, are lacking. Further,


most exposure limits that do exist assume chronic exposure scenarios. There is a


need to develop both acute exposure guidelines and subchronic exposure guide-


lines for high-priority substances.


Site characterization is a necessary prerequisite to hazard analysis and to selec-


tion of appropriate engineering controls, personal protective equipment, and


respiratory protection, as well as to design of appropriate remediation methodol-


ogies and benchmarks. Because site characterization was not conducted at Ground


Zero or at many of the cleanup sites throughout Lower Manhattan, both the health


of the workers and the efficacy of cleanup efforts were imperiled.


The survival times of trapped disaster victims are measured in days, not weeks


or months. At Ground Zero, the “rescue” phase lasted nine months. This extended


rescue phase allowed government agencies to avoid responsibility and enforce-


ment. While efforts to protect environmental and occupational health during dis-


aster response must never come at the expense of immediate rescue efforts, the


rescue phase itself must have a realistic time limit.


The response to 9/11 demonstrates that in large-scale natural and man-made


disasters, nontraditional first responders and skilled support personnel may


grossly outnumber traditional first responders and skilled support personnel. At


and around Ground Zero, these nontraditional groups included construction work-


ers, security guards, maintenance workers, teachers, train and bus operators,
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45 Now the National Response Plan.







telecommunications technicians, and others. There is a need to broaden the defin-


itions of first responders and skilled support personnel and to provide training and


protective gear to an expanded population of potential responders.


There is also the need to acknowledge that cleanup workers are at risk. Thous-


ands of immigrant day laborers “shaped up” to remove contaminated dust and


debris from buildings throughout Lower Manhattan. They had no training, respir-


ators, PPE, or access to medical care. Day laborers are ill at rates similar to those of


Ground Zero workers. Protection of the health of day laborers engaged in cleanup


operations during disaster response, including access to medical monitoring and


treatment, must receive focused attention from government agencies.


Respirators are the weak link in worker protection. Poor design causes diffi-


culties in communicating, as well as discomfort and sweating. These latter condi-


tions result in respirator slippage, compromising the seal and endangering the


wearer, and can provoke the deliberate removal of the respirator by the user.


Respirators must be redesigned for comfort and communication. Until then, work


shifts that require respirator use should be limited in length to reduce the likelihood


of accidental or intentional misuse or nonuse of respirators.46


Workers at disaster sites may be exposed to uncontrolled releases of hazardous


substances, are less likely to be experienced and adequately trained, and may have


limited access to respiratory protection and personal protective equipment. Dis-


aster site workers may need regular medical monitoring and may need access to


competent, targeted, medical screening and treatment over the long term. Commit-


ment to such access to health care should be in place proactively, with adequate


funding and appropriate medical expertise. Similarly, because community resi-


dents, workers, and students may also be exposed to toxic environmental contam-


inants at levels of concern, depending upon the nature and scope of the disaster,


there should be a proactive commitment to competent, targeted, medical screening


and treatment over the long term, where medically warranted.


The existing market-based, fee-for-service health care model has not pro-


vided adequate access, screening, or treatment for the adverse health outcomes


associated with 9/11-environmental exposures. Immigrant day laborers and other


impacted individuals lack health insurance and effective access to the health care


system. Health care providers in general do not possess the expertise to identify


environmentally induced symptoms and illnesses, to associate them with disaster-


related exposures, or to render effective treatment or appropriate referrals [65].


They provide, at best, “fragmented treatment by nonexperts” [66]. There is a need,


in disaster situations, for clinic- or hospital-based “centers of excellence” to


engage in targeted outreach and public health education, appropriate medical
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46 At Ground Zero, 12-hour shifts were the norm. Respirator use is unlikely to remain effective over


such long work shifts and under such adverse working conditions.







monitoring and treatment, and collection and sharing of data to inform clinical


practice and public health policy.
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March 2012 Comments on Draft STAC Recommendations on Cancer

1) Silence on Synergistic Exposures/Impacts: The draft recommendation does not address the potential for simultaneous exposures to a complex mixture of toxic substances, including multiple carcinogens, to induce cancers. This has been a key point in a number of WTC studies and is essential to building a biological plausibility rationale for linking cancers to WTC exposures. As Jacqueline Moline concludes the WTC multiple myeloma case series she co-authored, “The exact nature of the complex mixture of toxins released into the air on September 11, 2001, and, consequently, the extent and precise nature of the exposures sustained by workers and volunteers will never be fully known. However, based on extensive analysis of dust samples collected from sites around lower Manhattan after 9/11, it is certain that the air contained many known carcinogens. The combined effects of all the substances present at Ground Zero could interact to have new and unexpected health effects.” (2009)


2) Current Approach of the Recommendation:


--There are major gaps in the WTC data base with respect to the range and levels of carcinogens, as well as other toxics, to which responders and survivors were exposed. In fact, as David Newman writes in 2008…“our knowledge of the nature and scope of 9/11 contamination remains limited. Consequently, it is not possible, even at this late date, to characterize previous or current exposure or risk.” Nonetheless, “there are substantive, credible data that indicate the possibility of wide geographic dispersion, outdoors and indoors, of 9/11-derived toxic substances at levels of concern. For example, EPA test results for samples of dioxin obtained outdoors from September through November 2001 showed ‘unambiguous elevation’ when compared to typical urban background levels. An EPA report noted: the concentrations to which individuals could potentially be exposed . . .within and near the WTC site found through the latter part of November, are likely the highest ambient concentrations that have ever been reported [emphasis added] [15].” 


--In addition, while the knowledge base on the environmental causes of cancer is increasing, we lack a good understanding, for example, of the ways that aggregate, cumulative or synergistic exposures raise the risk of developing disease. Nonetheless, as scientific knowledge grows, so does the list of new carcinogens. As we learn more, it is most often the case that we see a steady lowering of the threshold at which exposures are considered to have the potential to harm health. (Cogliano, et al. 2011).


--It is therefore prudent and consistent with public health best practices to adopt an inclusive approach to the addition of cancers to the list of conditions linked to WTC.


3) Some of the many limitations Newman observes in the government environmental monitoring of the WTC disaster were:


• Sampling of workers and work areas at and around Ground Zero began late


and was conducted only on a limited basis.


• There has been no comprehensive, systematic investigation of potentially


contaminated indoor spaces, even though particulate contaminants that infiltrate


indoor spaces persist over time if not subjected to targeted remediation.


• Sampling results have been inconsistent. A large body of data shows no or low


levels of contaminants. A smaller body of data shows elevated or significantly


elevated concentrations of contaminants.


• Government agencies have released voluminous amounts of data which indicate


no or low levels of contamination. However, results which demonstrate


higher levels of contamination have in some cases been mischaracterized by


federal and city agencies and/or their release has been delayed, withheld, or


hidden unnoted in lengthy reports.


• Almost all indoor sampling data were obtained in independent or private


sampling efforts. These data typically are proprietary and not publicly shared.


Government agencies have made no effort to collect or assess these data or to


encourage their release, even with identifying information redacted . 


Data are limited and inadequate; however, the absence of evidence should not be construed as evidence of an absence.

4) Government and peer-reviewed data should be supplemented with other data sets:


Discussed below are two examples of other data/information that should be considered by the STAC:

a) I am attaching the Initial Building Characterization Study of 130 Liberty Street (a/k/a ‘the Deutsche Bank’), an extensive sampling effort done at the request of the Lower Manhattan Development Corporation, a state agency.  The study reports measurements of a range of WTC contaminants in settled dust, including exceedences in five Contaminants of Potential Concern (COPCs) designated by the United States Environmental Protection Agency (EPA) as being associated with WTC dust (i.e., asbestos, dioxins, lead, polycyclic aromatic hydrocarbons (PAHs), and crystalline silica), as well as other contaminants suspected of being present in the building: polychlorinated biphenyls (PCBs) and heavy metals (barium, beryllium, cadmium, chromium, copper, manganese, mercury, nickel, and zinc). 

It is worth noting that the closest residential building, 125 Cedar Street, as well as several small businesses (among them, two restaurants), were less than 50 feet away. Like 130 Liberty, 125 Cedar had been breached by burning and falling debris from the Towers. In the months after 9/11, residents shoveled dust out of their apartments in long shifts, without the benefit of respirators.

b) The STAC should consider hazardous chemical inventory information. For instance, information disclosed in compliance with the Emergency Planning and Community Right to Know Act reporting requirements, indicates that tetrachloroethylene, arsenic, cadmium, chlordane and other toxic substances were stored at the WTC site. Any and all of these stored substances had the potential to be released on 9/11 in the initial collapse cloud, to be emitted with burning, or to be re-suspended in Ground Zero cleanup. 


From the June 20, 2007 Testimony of David Newman to the US House of Representatives Oversight Hearing on the US Environmental Protection Agency’s Response to Air Quality Issues Arising from the Terrorist Attacks of September 11, 2001 (attached):
”Prior to and on 9/11, information on the documented presence of toxic substances at the
WTC site was available in government databases that itemize storage of hazardous raw
materials, as per the hazardous chemical storage reporting requirements of the federal
Emergency Planning and Community Right to Know Act. These data, readily available at the time, indicated at a minimum the probable presence of barium, lead, chloroform, chlordane, carbon tetrachloride, cadmium, chromium, mercury, hydrogen sulfide, arsenic, and other toxic raw materials at the offices of the United States Customs Service, 6 World Trade Center, and of mercury, tetrachloroethylene, PCBs, arsenic, ethane, and other toxic raw materials at the offices of the Port Authority of New York and New Jersey, 1 World Trade Center. The purpose of the hazardous raw materials databases is precisely to facilitate safe emergency response and effective containment and cleanup in the event of an unanticipated chemical release.”

c) The absence of a contaminant (or the detection of low levels of a contaminant) in a sample taken at one location must not be viewed as indicating that that contaminant was not present, at another location, possibly at levels exceeding benchmarks.  

In the attached document, which Clifford Weisel provided to the EPA’s WTC Expert Technical Review Panel, he responds to the charge question of whether asbestos could serve as a surrogate for all of the EPA’s other WTC contaminants of potential concern, with an answer of no. His explanation is based in part on his opinion that WTC contaminants were unevenly distributed through the affected area. “The composition of settled dust collected at various sites throughout lower Manhattan, suspected of having been impacted by the WTC disaster, did not contain a uniform amount of asbestos. Differences in concentrations in these samples would reflect both differences in concentrations in the source material and discrimination in particles during transport. The USGS evaluation of the asbestos distribution showed ‘an asymmetric distribution pattern. More chrysotile was detected in the east-west direction than south…While there is a general trend, it is not exclusive, meaning that chrysotile was detected in all directions. It also should be noted that samples obtained next to each other (on the map this means a city block apart) can show different results: one has asbestos, another has no chrysotile above the detection limit.’” 


(See “Scientific Input on Issues Related to EPA’s Response Activities to the Attacks of the World Trade Center,” attached).


5) The STAC should consider scientific evidence from a diversity of sources – WTC and non-WTC, and should consider the potential for responders and survivors to be exposed to carcinogens through a wide range of possible exposure scenarios, indoors and out. Taking the instance of WTC-related PCBs, it would appear that there may have been (or may be) the potential for children exposed to PCBs deposited indoors as a result of the disaster to develop leukemia. The presence of PCBs in smoke emitted from Ground Zero was captured by the Diamond group in its analysis of window films. It is well documented that dust and smoke penetrated into buildings on and after 9/11. WTC dust, like house dust, carries on its surface chemicals that may persist indoors, especially in reservoirs such as carpets. In a non-WTC study, Ward et al. (2009) used carpet dust as an exposure indicator to examine the risk of childhood leukemia. Researchers tested for PCBs in dust from carpets in rooms where children spent most of their time, and found detection of any PCB congener in dust (from those carpets) conferred a 2-fold increased risk of Acute Lymphocytic Leukemia (ALL).The highest quartile of exposures raised the risk 3-fold.
See: "Residential Exposure to Polychlorinated Biphenyls and Organochlorine Pesticides and the Risk of Childhood Leukemia” (attached).

6) Questions:


The alkalinity of the dust has been identified as an important factor in the development of WTC lower respiratory disease, with doctors describing a ‘chemical burn of the lung.’ If the alkalinity of the dust is inflammatory, would that not contribute to causing cancer? In addition, the USGS Fact Sheet, issued in 2002, states that indoor dust samples that have not been exposed to water, could be expected to remain highly alkaline. 

"Any water or moisture that comes into contact with the dusts initially becomes alkaline to caustic, due to the dissolution of calcium hydroxide from the concrete particles.  This is especially true of indoor dust samples that have not been exposed to water." (See p. 4  http://pubs.usgs.gov/fs/fs-0050-02/  ) Again, indoor dust exposures could be much longer in duration. 

What role would endocrine disrupting chemicals, which are often toxic even at low levels, play in increasing inflammation in, for instance, the thyroid or the pancreas, or in altering metabolic pathways in such a way as to increase the risk of cancer? Were responders or survivors exposed to levels of xeno-estrogenic substances in WTC dust/smoke, which have been linked to prostate and breast cancers?


If 2,3,7,8-TCDD is listed by IARC as having sufficient evidence in humans to cause all cancers combined, then given the levels of dioxins released from the WTC disaster, and the potential for bioaccumulation, would it not be reasonable to consider dioxins as having the potential to cause cancers of the prostate and thyroid?  


In addition, given that animal studies have found that PCB-126 and pentachlorodibenzofuran act via the same pathway as 2,3,7,8-TCDD, wouldn’t aggregate exposures to all three increase risk of developing any cancer in humans in at least an additive fashion? 
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