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EVERDALE, OHIO liehard Bartle, CIH 

Ruth Rondinelli, M.D. 
I. SJJMMARY 

The National Institute for Occupational Safety and Health (RIOSH) 
received a request, dated June 28, 1985, from the International 
Association of Machinists (lAM), Local Lodse 912, Cincinnati, Ohio, to 
evaluate potential carbide dust exposure from grinding and cutting 
operations in the cutter-grinding areas of buildings 500 and 700 at the 
General Electric Company (GE), Evendale, Ohio. Work in these areas 
involves manual and automatic grinding and sharpening of tungsten 
carbide tools. 

HIOSH conducted a preliminary site visit to GE Evendale on September 
10, 1985 . A comprehensive environmental and medical follow-up survey 
was conducted on May 19, 21, and 23, 1986. Personal air samples for 
cobalt (Co), nickel (Ni), chromium (Cr), and total and respirable dust 
were obtained on 15 potentially exposed maChinists in buildings SOO and 
100. The time-weighted average (TWA) concentrations for the trace 
metals ·were calculated from both respirable and total dust fractions. 
Cobalt exposures from total dust samples ranged from not detectable 
(HD) to 97 micrograms per cubic meter (ug/m3), TWA. Cobalt exposures 
from respirable dust samples ranged from HD to 4 ug/m3, TWA. In all 
eases, the corresponding eight-hour TWA concentrations are nearly 
identical to the above values since full-shift personal sampling was 
performed. The American Conference of Governmental Industrial 
Hygienists (ACGIH) proposed Threshold Limit Value (TLV*) for Co is 50 
ug/m3. The Occupational Safety and Health Administration (OSHA) 
Permissible Exposure Limit (PEL) for Co is 100 ug/m3. Both of these 
limits are TWAs based on eight-hour exposures. While there is no RIOSH 
recommended exposure limit (REL) for Co, HIOSH does recommend an action 
level of 50 ug/m3 for cemented tungsten carbide dust containing more 
than two percent Co. 

Hickel, detected in 9 personal samples, ranged in concentration from RD 
to 20 ug/m3, TWA. BIOSB considers inorsanic nickel to be a 
carcinogen and recommends personal exposures be kept below 15 ug/m3 
for a ten-hour TWA. The ACGIB TLV and OSHA PEL for nickel (metal) is 
1000 ug/m3 for an 8-hour TWA. 

Total chromium (no distinction on the valence state or solubility) was 
measured in one personal air sample at a concentration of 5 ug/m3. 
The BIOSB iEL for carcinogenic hexavalent (6+) chromium compounds is 1 
ug/m3. NIOSH also recommends a level of 25 ug/m3 for 
non-carcinogenic hexavalent chromium compounds, along with a 15-minute 
ceiling level of 50 ug/m3. ACGIB has adopted an 8-hour TLV-TWA of 
500 ug/m3 for trivalent (3+) chromium compounds, whereas the OSBA .PEL 
for chromium metal and insoluble salts is 1000 ug/m3. 
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Respirable dust exposures ranged from ND to 1.07 mg/m3, levels under 
the OSHA PEL for respirable nuisance ~!ust of 5.0 mg/m3. Total dust 
levels ranged from ND to 3.1 ~Jm3. again below the OSHA PEL for 
total nuisance du~~ of 15 mg/m~. It should be noted, however, that 
nuisance dust exposure limits (whether total or respirable) are not the 
most appropriate criteria to use in this evaluation since other 
contaminants, with lower·exposure limits (most notably Co), were 
identified in the dust samples. 

Forty-one of the approximately 45 first-shift Building 700 cutter 
grinding area employees, and neither of the 2 grinders from Building 
500, participated in the medical survey, which included a chest x-ray 
and determination of blood and urine Co concentrations. None of the 38 
x-rays had findings suggestive of hard metal disease. Only two of 10 
participants had detectable blood cobalt (limit of detection: 2.0 
microgram per liter (ug/1). Nineteen (30%) of 63 urine specimens had 
detectable Co (limit of detection: 3.4 ug/1), but so did 3 (23%) of 13 
laboratory and field blanks. The highest urine concentration for an 
employee was 7.6 ug/1, and only 8 (13%) exceeded 5.0 ug/1, a 
distribution that does not suggest appreciable occupational exposure 
since people without occupation&~ exposure have urine Co levels up to 
5.0 ug/1. . 

Based on these results, ~OSB investigators determined that a potential 
health hazard from airborne exposure to nickel exists among some 
employees in the cutter-grinding areas of Buildings 500 and 700, and a 
potential health hazard to cobalt exists among the employees in 
Building 500. Recommendations aimed at reducing exposures are included 
in Section VIII of this ~port. 

Key Words: SIC 3541 (Machine Tools, Metal Cutting Types), tunasten 
carbide, metal dust, cobalt, nickel, chromium, respiratory protection, 
ventilation 
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II. IRIRODUCIIOB 

On June 28, 1985, the National Institute for Occupational Safety and 
Health received a request for a Health Hazard Evaluation from the 
International Association of Machinists, Local Lodge 912, Cincinnati, 
Ohio, to investigate potential exposure to tungsten carbide dust from a 
variety of grinding, sharpening, and tooling operations in 
cutter/grinding areas located in buildings 500 and 700 at the General 
Electric (GE) facility, Evendale, Ohio. NIOSH vas asked to evaluate 
the possible health hazard of dusts generated during the grinding of 
tools and other components containing tungsten carbide. 

NIOSB investigators conducted a comprehensive medical and environmental 
survey at Gl on May 19, 21 and 23, 1986 to determine the levels of 
tungsten carbide and Co in the vet and dry grinding operations located 
in buildings 500 and 700. In addition to air sampling, medical 
monitoring vas conducted to ascertain whether workers had evidence of 
elevated Co absorption, lung and/or other health problems related to Co 
exposures. Participants were notified of their blood and urine test 
results in June 1986, and their pulmonary function test and chest x-ray 
results ·in July 1986. An interim report describing the environmental 
survey findings vas distributed in November 1987. 

III. 
 BACKGROUBD 

The GB Evendale facility is a major manufacturer of commercial and 
military jet enainea. Two tungsten carbide cutting and grinding areas 
(one each in buildings 500 and 700) vere evaluated to determine 
potential employee ezposures to Co , nickel, chromium, tungsten, and 
total and respirable dust. 

the Cutter Grind and Teehnical Support area, located in building 500 
near column B-18, performs prototype grinding and cutting vith an 
assortment of tungsten carbide and steel tools and components. Two 
grinders per shift vere assigned to this department and, during the 
environmental and medical evaluation portion of this study, grindinl 
vas performed on first and second shifts . Since only prototype 
components, which require custom grinding and cutting, are handled, the 
overall volume of work performed by the machinists in this area is 
small. The employees in this department elected not to be involved in 
the medical portion of this evaluation. 

The cutter/grinding area, located in building 700 near column G-15, 
services the entire plant by repairins both steel and tungsten carbide 
tools. This area employed 40 grinders over 2 shifts (workforce level 
during this evaluation), with a small staff assigned to third shift. A 
variety of vet and dry grinding operations are performed in this area. 
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Both manual and numerical (automatic) grinders are used and the 
machines are locally exhausted. Tool and component repairs, if 
necessary, are done in any of 3 ventilated brazing booths. Parts are 
cleaned in a ventilated shot blast cabinet located in the department. 

IV. EVALUATION DESIGN 

A. Environmental 

The environmental assessment of employees working in the 
cutter-grinding areas of buildings 500 and 700 performed on May 19, 
21 and 23, 1986, was designed to determine the correlation (if any) 
of employee pre- and post-shift urinary Co concentrations 
(discussed in the following section) with corresponding total and 
respirable cobalt air exposures measured by personal sampling 
during the same shift. In addition, recommendations for 
ventilation improvements and process modifications to reduce 
employee exposure to Co would be offered after examining the sample 
results. 

Full-shift personal air samples were collected during the first 
shift on up to 13 potentially exposed employees. Partici~ants were 
monitored for a minimum of total dust, respirable dust, Co and 
other trace metals on each day of the study. Two employees in the 
cutter-grinding shop located in building 500 vere sampled for total 
dust, Co, and other trace metals but vere not involved in the · 
biological portion of this evaluation. 

Total and respirable dust samples vere collected using tared, 37 
millimeter (mm), 5.0 micron pore size polyvinyl chloride (PVC) 
filters conneeted to high volume personal air sampling pumps. For 
determining the respirable dust fraction, RIOSB Method 600 vas 
employed using standard 10 mm nylon cyclones vith a flovrate of 1.7 
liters per minute (lpm). This sampling rate provides optimum 
collection efficiency of dust particles smaller than 10 microns in 
diameter. Full-shift total dust samples, using RIOSB Method 500, 
vere collected at a flovrate of 1.0 lpm. 

A quantitative determination of trace metals, using the tared PVC 
filters from the respirable and total dusts samples, vas made by 
inductively coupled plasma-atomic emission spectrometry (ICP-AIS) 
according to RIOSB Method 7300. The PVC filters were ashed in a 
low temperature oxygen plasma asher (LTA) for one hour at 200 watts 
to remove the filter material. Five milliliters (ml) of 
concentrated nitric acid (BROJ) and one-half ml of 70 percent (%) 
perchloric acid (HCl04) vere added to each sample and then taken 
to dryness. The residues vere redissolved vith 10 ml of 41 BI03/ 
1% HCl04 and then analyzed for trace metals content by ICP-ABS. 
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Soluble and insoluble tunasten samples were collected on 37 mm, 0.8 
micron pore size mixed-cellulose ester filters at flovrates ranging 
from 1.0 to 1.5 lpm. The samples were analyzed for soluble and 
insoluble tungsten and cobalt by flame atomic absorption 
spectroscopy according to NIOSH Method 7074. 

B. Medical 

All first-shift employees in the cutter/grinding areas of Buildings 
500 and 700 were invited to participate in the medical survey. A 
self-administered questionnaire vas given to each participant. The 
questionnaire sought basic demographic information, work history, 
past medical history, active medical problems, current symptoms 
(especially respiratory complaints), and a detailed history of 
occupational and non-occupational exposure to Co. 

A venous blood specimen vas collected and analyzed for blood 
cobalt, thyroid-function tests, serum creatinine, blood urea 
nitrogen, and a complete blood count with differential and 
morphology. Pre-shift and post-shift urine samples collected May 
19, 21, and 23 were analyzed for Co. Urine specimens were 
collected after handwashing and in a manner to minimize specimen 
contamination. Laboratory and field blanks were collected and 
processed identically to the urine samples. They were analyzed at 
the Centers for Disease Control, Center for Environmental Health 
6nd Injury Control using a method adapted from that of Molin 
Christensen, et al.l 

Pre-shift (May 19) and post-shift (May 22) pulmonary function tests 
(PFTs) were obtained. One-second forced expiratory volume (FEV1) 
and forced vital capacity (FVC) were measured with an Ohio Medical 
Model 822 dry rolling seal spirometer attached to a Spirotech 200B 
dedicated computer. Equipment and teat procedures conformed to the 
American Thoracic Society's then current criteria for screening 
spirometry.2 Predicted values for FEV1 and FVC were calculated 
using the equations of Xnudson.3 These values were multiplied by 
0.85 to obtain the predicted values for B!acks . 4 

Chest x-rays were interpreted according to the ILO 1980 
International Classification of Radiographs of Pneumoconioses.S 
Each x-ray was read independently by 2 radiologists certified in 
the use of ILO system ("B" readers). In cases of disagreement, the 
x-ray was read independently by a third B reader, and the majority 
opinion (or median value) of a disputed finding was used for 
analysis (and for reporting results to the participants). Bone of 
the radiologists knew the exposure status of the persons whose 
x-rays they were interpreting. 
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V. EVALUATION CRITERIA 

A. Environmental Criteria 

As a guide to the evaluation of the hazards posed by W6rkplace 
exposures, NIOSH field staff employ environmental evaluation 
criteria for assessment of a number of chemical and physical 
agents. These criteria are intended to suggest levels of exposure 
to which most workers may be exposed up to 10 hours per day, 40 
hours per week, for a working lifetime, without experiencing 
adverse health effects . It is, however, important to note that not 
all exposures are maintained below these levels. A small 
percentage may experience adverse health effects because of 
individual susceptibility, a pre-existing medical condition, and/or 
a hypersensitivity (allergy). 

In addition, some hazardous substances may act in combination with 
other workplace exposures, the general environment, or with 
medications or personal habits of the worker to produce health 
effects, even if the occupational exposures are controlled at the 
level set by the evaluation criterion. These combined effects are 
often not considered in the evaluation criteria. Also, some 
substances are absorbed by direct contact with the skin and mucous 
membranes, and thus, potentially increase the overall exposure. 
Finally, evaluation criteria may change over the years as new 
information on the toxic effects of an agent become available. 

The primary sources of environmental evaluation criteria for the 
workplace are: (1) BIOSH criteria documents and recommended 
exposure limits (REL's), (2) the ACGIH TLV's, and (3) the U.S. 
Department of Labor OSHA occupational health standards. Often, the 
NIOSH recommendations and ACGIH TLV's are lower than the 
corresponding OSHA standards. Both NIOSH REL's and ACGIH TLV's 
usually are based on more recent information than are the OSHA 
standards. The OSHA standards also may be required to take into 
account the feasibility of controlling exposures in various 
industries where the agents are used; the RIOSH REL's, by contrast, 
are based primarily on concerns relating to the prevention of 
occupational disease. In evaluating the exposure levels and the 
recommendations for reducing these levels found in the report, it 
should be noted that industry is legally required to meet those 
levels specified by an OSHA standard. 

A TWA exposure refers to the average airborne concentration of a 
substance during a normal 8- to 10-hour workday. Although not 
applicable in this evaluation. some substances have recommended 
short-term exposure limits or ceiling values which are intended to 
supplement the TWA, where there are recognized toxic effects from 
high short-term exposures. 
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B. Cobalt and Tungsten Carbide 

The production of tungsten carbide components creates potential 
exposures to a number of different metal dusts including cobalt, 
nickel, chromium, tungsten, and titanium. Cemented tunssten 
carbide is a unique metal commonly used in drills, saw blades and 
other cutting tools because its strength, riaidity, and resistance 
to extreme heat. Carbide tools, for example, retain their 
sharpness at not only ordinary cutting temperatures (1,700 to 
2,000°F) but even at temperatures approaching 3,000°F (a level 
existing at the interface between the carbide cutting tip and the 
metal being cut). Exposures to Co and other metal constituents may 
occur during re-sharpening and repair of tungsten carbide tools. 

Cobalt is a naturally occurring element in the environment. It 
forms an integral part of the cyanocobalanium molecule (vitamin 
B12>· This vitamin is essential to the human diet to prevent the 
development of pernicious anemia (low red blood cell count).6 
The average U.S. daily Co intake from food, water and community air 
have been estimated to be 300 ug, 6 ua and 0.1 ug respectively.7 

While Co is an essential element, in high concentrations it is 
known to have adverse effects on the lungs, heart, thyroid, skin, 
and blood producing system. Fibrotic lung changes have been 
observed in workers exposed to airborne cobalt concentration of 100 
to 200 ul/m3. A common patte~ of illness is described in these 
reports. -18 The worker may first develop a couah, followed by 
labored breathing on exertion. This may be followed by substantial 
weight loss, as the individual goes on to develop a progressive 
interstitial pulmonary fibrosis (scar tissue in the lung). This 
may be accompanied by cor pulmonale (heart enlargement and failure 
due to the lung disease), leading ultimately to cardiorespiratory 
collapse and death.6 The reported latency period from exposure 
to disease varies from a few years to 20 years.6 It is unclear 
Whether this variable latency is related to individual 
susceptibility or varying levels of exposure between studies. 

A series of reports describe lung function test results among 155 
Swedish cemented carbide workers and 74 controls matched for sex, 
age and smoking history.l9-21 Persons exposed to an average of 
60 ug/m3 airborne Co showed changes on pulmonary function tests, 
suggestive of obstructive disease, that did not regress over the 
weekend. Smokers were more affected than non-smokers. 

Several investigators have suggested evidence of bronchitis among 
hard metal workers.S-19 Asthma has been reported as early_as 
within one month after initial _ezposure.9,10,24,25 the 
development of asthma seems to be a true sensitization to Co. The 
occurrence of alleraic lung sensitization has heightened 
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plausibility in view of the occurrence of documented Co allergic 
dermititis that ha9 been reported among worker9 U3ing Co containing 
materials.25,26 Sjogren et al has reported three, non-smoking, 
hard metal workers, having symptoms and signs compatible with 
allergic alveolitis.27,28 The symptoms, signs and chest x-ray 
findings cleared following removal from the work environment, but 
upon re-exposure the symptoms and chest X-ray findings recurred. 
All three workers had eczematous skin changes and were sensitive to 
Co on skin patch testing. 

Other physiological effects associated with Co include 
cardiomyopathy (disease of the heart muscle). This was first 
reported in the 1960's and was associated with heavy beer 
consumption (2 to 6 liters per day). Cobalt sulfate or Co chloride 
was commonly used in beer at that time as a foam 
stabilizer.30-35 The signs and symptoms of affected individuals 
included abdominal pain, shortness of breath, lowered blood 
pressure, heart enlargement, pericardia! effusion (fluid around the 
heart), tachycardia (rapid heart beat), and electrocardiographic 
(ECG) abnormalities. The amount of Co ingested daily by a 6 liter 
per day drinker was estimated to be about 5-10 mg/day (5,000 to 
10,000 ug/day). Therapeutically, cobalt has been used in the 
treatment of anemias (low red blood cell counts). It has been 
shown to increase hemoglobin and hematocrit levels in 
humans.36-44 Hypothyroidism and goiter have been associated with 
daily oral doses of 2-10 mg/kg of cobalt chloride administered over 
a 2-4 month period in a small percentage of people.6 Additional 
effects, reported in humans but for which there is limited 
information available, include disturbed kidney function, 
hyperglycemia, mild to moderate changes in liver function tests and 
impaired sense of smell.6 

The NIOSH Criteria for controlling occupational exposure to Co 
holds the following position concerning its possible 
carcinogenicity:6 

"Information on Co is inadequate to conclude that Co is a 
carcinogen. The information is also inadequate to conclude that 
Co is non-carcinogenic. In fact, limited data provide 
suggestive evidence that at least some Co containing compounds 
may prove carcinogenic when subjected to long-term testing by 
currently accepted protocols.44,45,46 Until such testing is 
performed, no definitive guidelines can be given. Tumor 
induction at the injection site, however, would argue for the 
need to adequately clean any wound contaminated with Co." 

The ACGIH has proposed adoption of a recommended TLV-TWA for Co of 
SO uc/m3.47 The OSHA PEL for Co is 100 ug/m3.48 NIOSH 

http:ug/m3.48
http:uc/m3.47
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recommends an action level of 50 ug/ml for cemented carbide dust 
which contains more than two percent Co.49 

C. Rickel 

Rickel can exist in both soluble and insoluble forms. 
Epidemiologic evidence suggests that the hazard presented by 
insoluble nickel compounds is not as great as that presented by 
soluble forms. Rickel has been reported to cause "nickel itch," an 
allergic dermatitis. An increase in nasal, sinus, and lung cancer 
has been noted in workers employed in nickel refineries, although 
the specific carcinogenic agent is still not defined. Metallic 
nickel introduced into the pleural cavity, muscle tissue, and 
subcutaneous tissue has been shown to be carcinogenic in test 
animals. NIOSH considers inorganic nickel to be a carcinogen and 
recommends personal exposures be kept below 15.0 ug/ml for a 
ten-hour TWA.so The ACGIH TLV and OSHA PEL for nickel (metal) is 
1 mg/m3 for an 8-hour TWA.47,48 

D. Chromium 

Chromium compounds can cause an allergic dermatitis in some 
workers. Acute exposure to chromium dust and mist may cause 
irritation of the eyes, nose, and throat. Chromium exists as 
chromate& in one of three valence states: 2+, 3+, and 6+. Chromium 
metal and its insoluble salts, representing the divalent (2+) 
state, are considered to be relatively non-toxic. Chromium 
compounds in the trivalent (3+) state are also of a low order of 
toxicity. In the hexavalent (6+) state, however, ehromium 
compounds are irritating, corrosive and are known to cause 
penetrating sores of the skin; ulceration and perforation of the 
nasal septum; inflamation of the mucous membrane; and may cause 
kidney or liver damage, tooth erosion and discoloration, and 
perforated eardrums. This hexavalent form may be carcinogenic or 
non-carcinoginic, depending on solubility. The less-soluble forms 
are considered carcinogenic. Workers in the chromate-producing 
industry have been reported to have an increased risk of lung 
cancer. 

ACGIB has adopted an 8-hour TLV-TWA of 500 ug/m3 for trivalent 
chromium , whereas the OSHA PEL for chromium metal and insoluble 
salts is 1000 ug/m3.47,48 The BIOSB REL for carcinogenic 
hexavalent chromium compounds is 1.0 ug/m3. BIOSH also 
recommends a level of 25 ug/m3 for non-carcinogenic hexavalent 
chromium compounds, along with a 15~inute ceiling level of 50 
ug/m3.51 

http:ug/m3.51
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VI. RESULTS AND DISCUSSION 

A. Environmental 

Full-shift personal air samples were collected on 15 employees in 
buildings 500 and 700 between MAy 19 to 23, 1986. Tables I, II, 
III, and IV present sample results, expressed as TWA's, for total 
dust, respirable dust, and Co. 

Personal exposures to Co, measured from total dust samples, ranged 
from ND to 97 ug/m3 while Co levels from respirable dust samples 
ranged from ND to 4 ugfml, TWA's. The limit of quantitation 
(LOQ) for Co and other trace metals from this sample set was 1.0 
microgram per filter. 

Nickel was detected in 9 personal samples, ranging from ND to 20 
ugfm3, TWA. These results are presented in Table V. Exposure to 
nickel dust in the cutter/grinding area of building 700 was limited 
to 1 employee who worked primarily with tungsten carbide parts 
using the following machines: Royal Oak grinders (nos. 11245, 
11829, and 19684); Cincinnati Milicron Monoset grinder. The 2 
grinders sampled in building 500 were both exposed to nickel dust 
while working with prototype tungsten carbide rarts. NIOSH 
considers inorganic nickel to be a carcinogen and recommends 
exposu.res be kept below 15 ugfm3 for a ten-hour TWA. 

Total chromium (no distinction on the valence state or solubility) 
was measured in one personal air sample at a concentration of 5 
ugfm3. NIOSH recommends a standard of 25 ug/m3 for 
non-carcinogenic hexavalent chromium compounds, along with a 
15-minute ceiling level of 50 ugfm3. 

Respirable dust exposures ranged from ND to 1.07 mg/ml, levels 
under the OSHA PEL for respirable nuisance dust of 5.0 mg/ml. 
Total dust levels ranged from ND to 3.08 mgfm3, well below the 
OSHA PEL for total nuisance dust of 15 mgfm3. It should be 
noted, however, that nuisance dust exposure limits are not the most 
appropriate criteria to use in this evaluation since other 
contaminants, with lower exposure limits (most notable Co), were 
identified in these dust samples. 

B. Medical 

Questionnaire Data 

Forty-one of the approximately 45 first-shift Building 700 
cutter/grinding area employees, and neither of the 2 from Building 
500, participated in the medical survey, but not all of them had 
all the tests. Ten persons had blood Co determinations; only 2 had 

l 
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levels above the laboratory's level of detection of 2.0 ug/1. 
Nineteen (30%) of 63 urine Co concentrations exceeded the limit of 
detection of 3.4 ug/1, but so did one of 6 field blanks and 2 (28%) 
of 7 laboratory blanks. The highest level in an employee was 7.6 
ug/1, and only 8 (13%) exceeded S.O ug/1. These results do not 
suggest substantial occupational exposure, since people without 
occupational exposure have urine Co levels up to 5.0 ug/1.52 
None of the 38 Chest x-rays had interstitial opacities, diffuse 
fibrosis, or pneumonitis. 

Given (1) the minimal exposure to airborne Co in Building 700, (2) 
the low prevalences of elevated blood and urine Co levels and lack 
of substantially elevated urine Co levels, and (3) the absence of 
x-ray findings suggestive of hard metal disease, the remainder of 
the medical data were not analyzed. Without a reasonable 
distribution of exposure, there is nothing with which to associate 
symptoms or test results. 

VII. COBCLUSIORS 

Based on the results of personal air sampling for trace metals, RIOSB 
has 	determined that a potential health hazard from airborne ezposure to 
nickel exists among some employees in the cutter-grinding areas of 
Buildings 500 and 700, and a potential health hazard to cobalt exists 
among employees in the cutter-grinding area of Building 500. None of 
the 	38 x-rays had findings suggestive of hard metal disease, ~d only 2 
of 10 study participants had detectable blood cobalt (limit of 
detection: 2.0 ug/1. Nineteen (30%) of 63 urine specimens had 
detectable Co (limit of detection: 3.4 ug/1), but so did 3 (23%) of 13 
laboratory and field blanks. The highest urine concentration for an 
employee vas 7.6 ug/1, and only 8 (13%) ezceeded 5.0 ug/1, a 
distribution that does not suggest appreciable occupational exposure 
since people without occupational ezposure have urine Co levels up to 
5.0 	ug/1. 

VIII. R!COMM!NPATIORS. 

1. 	 Single-use (disposable) respirators should not be used by employees 
overexposed to Co. These respirators should be replaced by 
half-mask or full-face respirators which offer a higher degree of 
protection until such time as engineering controls are implemented 
to reduce employee exposures below the proposed ACGIH TLV for Co of 
50 ug/m3. 

2. 	 It is recommended that, for employees exposed to inorganic nickel 
above 15 ug/m3 TWA for up to a 10 hour-vorkshift, respiratory 
protection in the form of a self-contained breathing apparatus with 
full-facepiece, operated in pressure demand or other positive 
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pressure mode, be provided until such time as engineering controls 
are 	implemented to reduce employee exposures below the NIOSH REL 
for 	inorganic nickel. 

3. 	 The local exhaust ventilation system be completed in the 
cutter/grinding area of building 500. During this evaluation the 
electrical control panel controlling the ventilation system had not 
been completed. 

4. 	 It is recommended that the local exhaust ventilation be evaluated 
for effectiveness on the following machines located in the 
Cutter/Grinding area in building 700: Royal Oak grinders (nos. 
11245, 11829, and 19684); Cincinnati Milicron Monoset grinder (no 
number). 

IX. REFERENCES 

1. 	 Molin Christensen J, Milkelsen s, Skov A. A direct determination 
of cobalt in blood and urine by Zeeman atomic absorption 
spectrophotometry. In: Brown SS, Savory J, eds. Chemical 
toxicology and clinical chemistry of metals. London: Academic 
Press, 1983. 

2. 	 American Thoracic Society. ATS statement -- Snowbird workshop on 
standardization of spirometry. Am Rev Respir Dis 1979; 119: 831-8. 

3. 	 Knudson RJ, Slatin ~C, Lebowitz MD, Burrows B. The maximal 
expiratory flow-volume curve. Normal standards, variability and 
effects of age. Am Rev respir Dis 1976; 113: 587-600. 

4. 	 Lanese RR, Keller MD, Foley MF, Underwood EH. Differences in 
pulmonary function tests among whites, blacks, and American 
Indians in a textile company. J Occup Med 1978; 20: 39-44. 

5. 	 International Labour Organization. Guidelines for the use of the 
ILO international classification of radiographs for 
pneumoconiosis, revised edition. Geneva: International Labour 
Organization, 1980. (Occupational Safety and Health Series, No. 22 
(rev)). 

6. 	 National Institute for Occupational Safety and Health Criteria for 
Controlling Occupational Exposure to Cobalt. HEW Publication No. 
(NIOSH) 82-107. Cincinnati, Ohio: National Institute for 
Occupational Safety and Health, 1982. 

7. 	 SChroeder BA, Nason AP, Tipton IH: "Essential Trace Metals in Man 
Cobalt," J Chronic Dis 20: 869-90, 1967. 



Page 13 - Health Hazard Evaluation Report No. 85-423 

8. 	 Scherrer M, Parambadathumalail A, Burki H, SennA, Zurcher R: 
[Three cases of "hard metal" pneumoconiosis.] J Suisse Med 
100:2251-55, 1970 (Ger). 

9. 	 Reber E, Burckhardt P: [Hard-metal pneumoconiosis in Switzerland.] 
Respiration 27:120-42, 1970 (Ger) 

10. 	 Bech AO: Hard metal disease and tool room grinding. J Soc Occup 
Med 24:11-16, 1974. 

11. 	 Husten K: [Hard-metal fibrosis of the lungs.] Arch Gewerbepathol 
Gerwerbebyg 15:721-92, 1959 (Ger). 

12. 	 Einbrodg HJ, Kuhne W: [Lung dust and morphological picture of a 
hard metal lung.] in Reploh H, Klosterkotter W(eds.): 
Fortschritte der Staublungenforschung. Monograph on the Fourth 
International Dust-Lung Meeting of April 3-5, 1962, in Munster, 
Westfalen. Dinslaken, Niederrhelnische Drucker!, 1963, pp 217-26 
(Ger.), 

13. 	 Collet A, Liot F, Gallouedec C, Roussel G, Martin J, Reuet 
C,Brouet G: [Electron microscopy study of various cellular aspects 
of pulmonary fibroadenomatoses with diffusion 
disorders--Discussion on the etiological role of cobalt and 
tungsten carbide.] Rev Tuberc (Paris) 27:357-81, 1963 (Fre). 

14. 	 Rochemaure J, Ancla M, Trinquet G, Meyer A: [A case of pulmonary 
bifrosis--Possible role of tungsten dust.] J Fr Med Chir Thjorac 
26:305-12, 1972 (Fre). 

15. 	 Joseph M: Hard metal pneumoconiosis. Australas Radio! 12:92-95, 
1968. 

16. 	 Bartl F, Lichtenstein ME:· Tungsten carbide pulmonary fibrosis - ­
A case report. Am Ind Hyg Assoc J 37:668-70, 1976. 

17. 	 Teyssier L, Guerin L, Frey R, Lesobre R: [Pulmonary fibrosis 
observed in the hard metal industry.] Arch Mal Prof 36:53-56, 
1975 (Fre). 

18. 	 Siegesmund KA, Funahashi A, Pintar K: Identification of metals in 
lung from a patient with interstitial pneumonia. Arch EnViron 
Health 28:345-49, 1974. 

19. 	 Alexandersson R: [Studies on Effects of Exposure to Cobalt. II. 
	
 Reactions of the Respiratory Organs of Various Exposure Levels in · 

the Hard metal Industry.] Arbete O¢h Balsa 2:1-34, 1979 (SWE). 
J 
I



~------------------------------..... 

Page 14 - Health Hazard Evaluation Report No. 85-423 

20. 	 Alexandersson R: [Studies on Effects of Exposure to Cobalt. VI. 
Exposure, Uptake, and Pulmonary Effects on Cobalt in the Hard 
Metal Industry.] Arbete Och Balsa 10:1-24,1979 (Swe). 

21. 	 Alexandersson R, and Hedenstierna G: [Studies on Effects of 
Exposure to Cobalt: III. Ventilation Capacity, Distribution of 
Inhaled Gas, and closing of Respiratory Passages During Ongoing 
Work and After Periods of Non-exposure.] Arbete och Balsa 
7:1-25,1979 (Swe). 

22. 	 Jobs H and Ballhausen C: [The Medical and Technical Viewpoints of 
Metal Ceramics as a Source of Dust.] Vertrauensorzt KranKenKasse 
8:142-48, 1940 (Gre). 

23. 	 Coates EO, and Watson JB, "Diffuse Interstitial Lung Disease in 
Tungsten Carbide Workers," Ann Intern Med 75:709-16, 1971. 

24. 	 Bruckner HC, "Extrinsic Asthma in a Tungsten Carbide Worker", Ann 
Arbor Reports 9:518-9, 1967. 

25. 	 Pirila V, "Sensitization to Cobalt in Pottery Workers" Acta Derm 
Venereal 33:193-198, 1953. 

26. 	 Rystedt I and Fischer T, "Relationship Between Nickel and Cobalt 
Sensitization in Hard Metal Workers", Contact Dermatitis 9:195-200. 

27. 	 Sjorgren I, Hillerdal G, Anderson A and Zelterstrom 0, "Bard 
Metals Lung Disease: Importance of Cobalt in Coolants", thorax 
35:653-659, 1980. 

28. 	 Bellsten E, Blomberg M, Henrikson- Enflo, A, Sundbom M, and Vokal 
B, "Kobalt (Cobalt)" Stockholm: University of Stockholm, Institute 
of Physics, 1976, Report 76. 

29. 	 Alexander CS, Cobalt-beer cardiomyopathy -- A clinical and 
pathologic study of twenty-eight cases. Am J Med 53:395-417, 1972 •• 

30. 	 Morin YL, Foley AR, Martineau G, Roussel J: Quebec beer-drinkers' 
cardiomyopathy -- Forty-eight cases. Can Med Assoc J 97:881-83, 
1967. 

31. 	 The mystery of the Quebec beer drinkers' cardiomyopathy. Can Med 
Assoc J 97:930-31, 1967 (editorial). 

32. 	 Sullivan JF, Egan JD, George RP: A distinctive myocardiopathy 
occurring in Omaha, Nebraska-Clinical aspects. Ann BY Acad Sci 
156:526-43, 1969. 



Page 	15 - Health Hazard Evaluation Report No. 85-423 

33. 	 Kesteloot H, Roelandt J, Willems J, Claes JH, Joossens JV: An 
inquiry into the role of cobalt in the heart disease of chronic 
beer drinkers. Circulation 37:854-64, 1968. 

34. 	 Kerr A Jr: Myocardiopathy, alcohol, and pericardia! effusion. !r£h 
Intern Med 119:617-19, 1967. 

35. 	 Berk L, Burchenal JH, Castle WB: Erythropoietic effect of cobalt 
in patients with or without anemia. N Engl J Med 240:754-61, 1949. 

36. 	 Kato K: Iron-cobalt treatment of physiolkogic and nutritional 
anemia in infants. J Pediat 11:385-96, 1937. 

31. 	 Coles BL: The use of cobalt in some common anemias of childhood. 
Axsh Dis Child 30:121-26, 1955. 

38. 	 Robinson JC, James GW III, Xark RM: The effect of oral therapy 
with cobaltous chloride on the blood of patients suffering with 
chronic suppurative infection. N Engl J Med 240:749-53, 1949. 

39. 	 Lindblad G, Wegelius R: Effect of cobalt on the reticulocyte 
counts of young premature infants. Ann Paediat Fenn 3:103-08, 1957. 

40. 	 Rohn RJ, Bond WH: Observations on some hematological effects of 
cobalt-iron mixtures. J Lancet 73:317-24, 1953. 

41. 	 Wolf J, Levy IJ: Treatment of sickle-cell anemia with cobalt 
chloride. AMA Arch Intern Med 93:387:96, 1954. 

42. 	 Coles, BL, James U: Use of cobalt and iron in the treatment and 
prevention of anemia of prematurity. J Lancet 75:79082, 1955. 

43. 	 Duckham JM, Lee HA: The treatment of refractory anemia of chronic 
renal failure with cobalt chloride. 0 J Med 45:277-94, 1976. 

44. 	 Shabaan AA, Marks V, Lancaster MC Dufeu GN: Fibrosarcomas induced 
by cobalt Chloride (CoC12) in rata. Lab Anim 11:43-46, 1977. 

45. 	 Heath JC, Daniel Mi and Dingle JT, "The Carcinogenic and Metabolic 
Effects of Cobalt and Other Metals", Annu Rep Br Enip Cancer Comp 
39:334-40, 1961. 

46. 	 Heath JC and Daniel MR, "The Production of Malignant Tumours by 
Cobalt in the Rat -- Intrathoracic Tumours", Br J Cancer 
15:473-78, 1962. 



Page 16 - Health Hazard Evaluation 	Report No. 85-423 

47. 	 American Conference of Governmental Industrial Hygienists. 
Threshold limit values for chemical substances and physical agents 
in the workroom environment and biological exposure indices with 
intended changes for 1984-85. Cincinnati, Ohio: ACGIH, 1984. 

48. 	 Occupational Safety and Health Administration. OSHA safety and 
health standards. 29 CFR 1910.1000. Occupational Safety and 
Health Administration, revised 1983. 

49. 	 National Institute for Occupational Safety and Health. Criteria 
for a recommended standard: occupational exposure to tungsten and 
cemented tungsten carbide. Cincinnati, Ohio: National Institute 
for Occupational Safety and Health, 1977. (DHEW publication no. 
(NIOSH) 77-227). 

50. 	 National Institute for Occupational Safety and Health. Criteria 
for a recommended standard: occupational exposure to inorganic 
nickel. Cincinnati, Ohio: National Institute for Occupational 
Safety and Health, 1977. (DHEW publication no. (NIOSH) 77-164). 

51. 	 National Institute for Occupational Safety and Health. Criteria 
for a recommended standard: occupational exposure to chromium 
VI. Cincinnati, Ohio: National Institute for Occupational Safety 
and Health, 1976. (DHEW publication no. (NIOSH) 76-129). 

52. 	 Aitio A, Jarvisalo J, Riihimaki V, Hernberg S. Biologic 
monitoring. In: Zenz C, ed. Occupational medicine principles and 
practical applications. Chicago: Year Book Medical Publishers, 
1988. 

X. AUIHORSHIP AND ACI<lfOHLEDGMENIS 

Report prepared by: 

Gregory Burr, CIH 
Certified Industrial Hygienist 
Industrial Hygiene Section 

Mitchell Singal, M.D., M.P.H. 
Medical Officer 
Medical Section 

Field Assistance: 	 Richard Hartle, CIH 
Certified Industrial Hygienist 
Industrial Hygiene Section 

Ruth Rondinelli, M.D., M.P.H. 
Medical Officer 
Medickl Section 



~ .·­

Page 17 - Health Hazard Evaluation Report No. 85-423 

Larry DeArmond, CIB'r 
Certified Industrial Hygiene 

Technician 
Industrial Hygiene Section 

Marion E. Coleman 
Health Technician 
Medical Services Section 

Thomas B. Sinks, M.S., Ph.D. 
Medical Officer 
Medical Section 

Originating Office: Hazard Evaluations and Technical 
Assistance Branch 

Division of Surveillance, Hazard 
Evaluations, and Field Studies 

Report Typed By: 	 Sharon J enlcins 
Clerk (Typing) 
Industrial Hygiene Section 

XI. UlSTRIBUIION AND AVAILABILITY 	OF REPORt 

Copies of this report are currently available upon request from NIOSH, 
Division of Standards Development and Technology Transfer, 4676 
Columbia Parkway, Cincinnati, Ohio 45226. After 90 days, the report 
will be available through the National Technical Information Service 
(NTIS), 5285 Port Royal, Springfield, Virginia 22161. Information 
regarding its availability through NTIS can be obtained from NIOSH · 
Publications Office at the Cincinnati address. Copies of this report 
have been sent to: 

1. General Electric Company, Evendale, Ohio 
2. International Association of Machinists, Local Lodge 912 
3. NIOSH, Cincinnati, Ohio. 
4. OSa~. Region V. 

For the purpose of informing affected employees, copies of this report 
shall be posted by the employer in a prominent place accessible to the 
employees for a period of 30 calendar days. 



Table I 

Personal and Area Afr Sampling Results for Total Dust. Respirable Dust. and Cobalt 

~neral Electric - Evendale 

Cutter/Grfnder Operations - Bufldfng 500 


Cfncfnnatf, Ohfo 

HETA 85-423 


UAll SAJ.IPL~ NU. TIME UUN) FLOWRATE 
(LPH)b 

SAI>IPLE VOL. 
(LITERS) 

CONCENTRATIONCI 

TOTAL DUSTC/COBALTd RESPIRABLE DUSTC/COBALTe 

!./1!:1/811 

':l/l.l/IJb 

';)/23/bll 

F-147 
F-1!19 
F-15U 
F-.156 

f ­ .1 
F- lb 
f- 4bg 

f- 7!1 
F- Sb 
F- Blg 

44!i 
444 
445 
444 

426 
423 
422 

426 
425 
403 

1.0 
1.0 
1.7 
1.7 

1.0 
1.0 
1.7 

1.0 
1.0 
1.7 

445 
444 
757 
755 

426 
423 
117 

426 
425 
685 

0.65/NOf 
1.44/60* 

3.08/3
1.84/87* 

0.99/7 
1.76/97* 

0.03/ND 
D.lZ/4 

0.06/ND 

0.04/ND 

tvaludtfon Criteria: 
ACGlH 
NIO~H 
U~HA 

10/50 
Hone/h 
15/100 

5/ 
None/h 
5/100 

Coaents: 
a 	 All values have been field blank corrected and are expressed as the tfme weighted average over the period 

sam~led. It should be noted. however, that nufsance dust exposure limits (whether total or respirable) are not 
the a~st appropriate crfterfa to use since other contaminants, wfth lower exposure limits (most notably Col. were 
fden~fffed 1n the dust samples. 

b 	 Lfters per minute. 
c 	 Concentrations of total and respirable dust are expressed fn milligrams per cubic meter (mg~ml).
d 	 Cobalt concentration from total dust samples, expressed in micrograms per cubic meter (ug/m ), 
e Cobalt concentration from respirable dust samples. expressed in mfcrograrus per cubfc meter (ug/m3). 

f Not aetectable. 

g Area air samples. 

h lhe NIO~H recou~~~ended act1on level for cemented tungsten carbide dust. containing ~rore than two percent cobalt. 
ts 

!IU uy/mJ, ten-hour TWA. 
* lndtcates concentrations at or above the ACGIH TLY• for cobalt of 50 ug/m3.
Concentrat1ons of other trace metals: 

· 	 ChromiuP•: Chromium was not detected fn any of the area samples. 

Nickel: Range from NO to 20ug/m3. 
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Table II 

Personal Air Sampling Results for Total Dust. Respirable Dust, and Cobalt 

~eneral Electric - Evendale 

Tool and Cutter Grfnd Operations - Bufldfng 700 


Cfncfnnatf, Ohfo 

HETA 85-~23 


CONCENTRATIONI 
UATl SAMPLE NO. TIHl (~llh) FLOWRATE. SAMPLE VOL. 

(LPH)b (LITERS) TOTAL DUSTC/COBALTd RESPIRABLE DUSTC/COBALTe 

';,/19/tlil 	 F-1!11 
F-l!il.l 
F-154 
F-1S2 
F-1b0 

F-1411 
F- 11 
F- J.3 
F- 10 
f- ~4 

F-157 
F- Hi 
F- 17 
F-1S~;J 

f -1!13 

f-14!1 
F- 9 
F- fj 

F- 19 
F- ~3 

403 
404 
406 
387 
401 

407 
372 
374 
162 
3b9 

403 
404 
406 
387 
401 

407 
372 
374 
380 
3fl9 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1. 0 
1.0 
1.0 
1.0 

1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.1 
1.7 
1.7 

403 
404 
406 
387 
401 

407 
372 
374 
162 
369 

685 
687 
690 
658 
682 

ti92 
632 
636 
646 
627 

o.02/Nof 
0.05/ND 
0.07/ND
0.34/ND 
0.05/5 

0.29/ND 
0.16/ND
0.11/ND
0.43/ND 
0.16/ND 

0.12/NO 
0.0/ND 
0.0/ND
0.15/ND 
0.06/ND 

0.0/ND 
0.0/ND 
0.06/ND 
0.31/ND 
0.06/ND 

Evaluation triterfa: 
Atl>lH 10/50 5/50 
MIOSH None/g None/g
O!)HA 15/100 5/100 

Con-ants~ 

For explanation of footnotes see vage 5. 
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Table V 

Personal Air Sampling Results for Nickel 

General Electric - Evendale 

ana Cutter l.irind Operations - Buildings 500 and 700 


Cincinnati, Ohio 

HETA 85-423 


UATE SAMPLE NO. LOCATION SAf~PLE VOL. 
lLITERS) 

CO NCENTRATI ON 

Nickel. ug/m3. TWA 

~/l!t/bb 

b/2l/o6 

':J/23/bo 

Fw-147 
F~-152* 
FU-159 

FH- 34*. 
Fw- 37* 
FW­ 38 

FW­ 5* 
Fw- 3~* 
FW- 75 

Bu i1 ding 500 
Building 700 
Building 500 

Building 700 
Building 700 
Building 500 

Building 700 
Building 700 
Building 500 

445 
387 
444 

767 
451 
423 

439 
746 
426 

13 
3 
2 

1 
20 
5 

8 
2 

16 

Evaluation Criteria: 
Al:l:illi 
NlOSH 
OSiiA 

1000 
15 
1000 

* 	 Same employee in Building 700 cutter/grinding area. 
Royal Oak grinders nos. 11245, 11629, and 19684 and 
Nonoset machine. 

Employee operated
a Cincinnati Milfcron 



Footnotes to Tables II, III, and IV 

General Electric - Evendale 

Tool and Cutter Gr1na Operations 

Cincinnati, Ohio 

- Building 700 


HETA 85-423 


a 	

b 	
c 	

d 	

All values have been field blank corrected and are expressed as the time 
weignted average over the period sampled. It should be noted, however, 
that nuisance dust exposure limits (whether total or respirable) are not 
the most appropriate criteria to use since other contaminants, with lower 
exposure limits (most notably Co), were identified in the dust samples. 
Liters per minute. 
~oncentrations of total ana respiraole dust are expressed in milligrams 
per cubic meter (mg/m3).
Cobalt concentration from total dust samples, expressed in micrograms per 

e 	

f 	
g 	

* 	

cubic mete.r {ug/mJ). 
Cobalt concentration from respirable dust samples, expressed in micrograms
per cubic meter (ug/m3).
Area air samples. 
The NIOSH recommended action level for cemented tungsten carbide dust, 
containing more than two percent cobalt, is 50 ug/mJ, ten-hour TWA. 
Indicates concentrations at or above the ACGIH TLV8 for cobalt of 50 
ugtm3. 
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Table IV 

Versonal Air Sampling Results for Total Oust. Respirable Dust, and Cobalt 

General Electric - Evendale 

Tool and Cutter Grind OpPrations - Building 700 


Cincinnati, 0~1o 


HETA 8~-423 


CONCENTRATIONI 
IJATE. SAhPL( NU. TIHE (MIN) FLOWRAlE SAMPLE VOL. 

(LP•Ob (L JTERS) TOTAL DUSTC/COBALTd RESPIRABLE DUSTC/COBALTe 

!J/'tJ/biJ F- ~b 4&9 1.0 459 0.15/7
F- 43 222 1.0 222 0.0/NOf 
F­ 4 45J 1.0 453 0.15/2
F- 94 366 1.0 3ti6 0,33/NO 
F- lL 438 1.0 438 0.25/ND 

F­ 5 43!1 1.0 439 0. 34/ND
F- 71J 45!1 1.0 459 0.17/ND
F- 80 439 1.0 439 0,38/4 
F- 74 4!10 1.0 450 0. 33/NO 

F- 30 4&9 1.7 780 0.13/ND
F- 47 222 1.7 367 0,22/ND 
F- 3b 453 1.7 770 0.06/NO 
F- "!I 3b6 1.7 622 0.0/ND

438 1. 7 745 D.lZ/HD 
·-F- 3933 43~ 1.7 746 0.08/ND 
F- 83 459 1.7 780 0.15/ND 
F- 7b 439 1. 7 746 0.09/ND 
F- 87 4&0 1.7 765 0.12/ND 

Evaluation Criteria: 
ACialH 10/50 5/50 
NlOSH None/g None/g 
U~HA 15/100 5/100 

t:oaaents 


For explanation ot footnotes see page s. 
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Table II I 

Personal Air Sa~ltng Results for Total Dust, Respirable Dust, and Cobalt 

General Electric - Evendale 

Tool and Cutter Grind Operations - Building 700 


Ctncinnatt. Ohio 

HETA 85-423 


CONCENTRATIONa 
OATE SAJ.IPLl NO. TI.. E (HIH) FLOWRATE SAHPLE VOL. 

(LI'Jol)b (LITERS) TOTAl DUSTC/COBALTd RESPIRABLE OUSTC/COBALT~ 

l>/U/8b · F-003 411 1.0 411 0.32/NDf 
f- 37 451 1.0 451 0.69/ND 
f- l!i 450 1.0 450 0.11/ND 
f-UUb 449 1.0 449 0.20/ND 
r-om~ 436 1.0 436 0.05/ND
F-U07 454 1.0 454 0.18/ND 
F- 44 455 1.0 455 0.20/ND 
F- 31 342 l.U 34Z 0.0/ND 

f- 40 411 1.7 69!i 0.24/NO 
f- J4 451 1.7 767 1.07/NO 
F- J!> 450 1.1 765 0.04/ND 
F- 4ti 44!1 1.7 763 0.05/NO 

F- ZG 436 1.7 0.07/ND 
f- 41 454 1.7 741 0.10/ND 
F- 45 455 1.7 774 0.18/ND
F- 42 342 1.7 581 0.07/ND 

lva\u~tfon Criteria: 
ACblH 10/50 5/50 
NIOSH None/g None/g 
OSHA 15/100 5/100 

t;oall!lents 

for explanation of footnotes see page 5. 
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