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FOREWORD

The National Institute for Occupational Safety and Health (NIOSH) is mandated under the
provisions of the Occupational Safety and Health Act of 1970 and the Federal Mine Safety and
Health Amendments Act of 1977 to develop recommendations for protecting workers of the United
States against diseases and injuries related to risks on the job. In carrying out this mission, NIOSH
plans, directs, and coordinates a national program of research, training, and related activities. In
addition to a substantial program of intramural research, NIOSH supports outstanding extramural
research as a major component of its scientific activity.

Since 1984, NIOSH investment in both intramural and extramural research has focussed on "The
Ten Leading Work-Related Diseases and Injuries." These are listed as the first ten entries in
Section H. ("Funding Priorities") in the program announcement included in this report (pages 4-10).
In addition to the leading occupational diseases and injuries, our program priorities include research
on control techniques and respiratory protection because of the crucial importance of these areas
to prevention. ’

To provide guidance on priorities for action, NIOSH sponsored the development of "Proposed
National Strategies for the Prevention of Leading Work-Related Diseases and Injuries."
Implementation of the Prevention Strategies requires commitment from a broad array of
organizations and scientific and professional disciplines. Our extramural research program is an
important means of facilitating progress in these preventive efforts.

Because the strengths of the extramural research program are the creativity and special resources
that are available in the scientific community, we publish this report to stimulate submission of
proposals for research of high quality on significant problems of occupational safety and health.
We invite the interest of investigators in the biomedical sciences, engineering, and related
disciplines. By including descriptions of all active grants during fiscal year 1990 (October 1, 1989
to September 30, 1990), we intend to provide a readily available source of information on the status
and scope of the research grants program of NIOSH.

irector, National Institute for
Occupational Safety and Health
Centers for Disease Control
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INTRODUCTION

The organization of this annual report on the NIOSH research grants program is designed to facilitate the
reader’s understanding of the types of extramural research projects supported under the primary areas of
NIOSH’s interest with respect to the leading work-related diseases and injuries.

e Summaries of the supported projects are grouped according to these major areas of interest, as
indicated in the Table of Contents.

¢  Within each program area, projects are grouped by type of grant (e.g., research project grant, career
development grant, and small grant).

Note: See the program announcement beginning on page 4 for descriptions of these
grant types and other types that NIOSH awards.

Each grant summary contains administrative information about the grant, followed by a synopsis of the project
and any publications that have resuited to date. :

* Principal investigators prepare the summaries for inclusion in this report. The synopsis is an
explanation of the nature of the project and a discussion of results, with sections on Importance to
Occupational Safety and Health, Objectives, Methodology, and Significant Findings.

* Publications are listed so that the reader may gain more information about the projects than is given
in the brief summaries. Although some citations are not yet published or may not be retrieved easily,
they have been included for the sake of providing maximum information.

Note: Should there be an interest in more information, principal investigators should
be contacted directly.

Statistics on the number and amount of funds awarded by grant type, program area, and region/state are given
in tabular form at the end of the report. Indices are included for ease in locating particular grants if the reader
knows the grant number, the principal investigator, or the grantee institution.

Note: See glossary on page 3 for an explanation of the components of a grant number.

Suggestions on content or format of this report to make it more useful to the reader would be welcomed. The
process of assembling the report begins in the fall of each year, so comments should be received at least by the
end of September.

¢ Inquiries or ideas should be addressed to: NIOSH Grants Office
1600 Clifton Road
Building 1, Room 3053, MS - D30
Atlanta, Georgia 30333
404/639-3343
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ACCESS TO LITERATURE

In addition to the publications listed after each grant summary, readers may wish to refer to NIOSH’s
Document Information Directory System (DIDS).

What is DIDS?

DIDS is a computerized data base of documents that are produced from NIOSH-sponsored research
(intramural and extramural). This data file is maintained by the NIOSH Division of Standards
Development and Technology Transfer to track the following types of NIOSH documents: Alerts,
Current Intelligence Bulletins, criteria documents, control technology reports, hazard evaluation and
technical assistance reports, industrywide study reports, contract reports, health and safety guides, Fatal
Accident Circumstances and Epidemiology (FACE) reports, research grant publications and reports,
training documents, testimony, and books, book chapters, and journal articles authored by NIOSH
employees.

What Specific Data does DIDS include?

Each entry includes the document title, publication number, subject index terms, availability information,
NIOSHTIC accession number, name of principal investigator for research grants, and complete citations
for books, book chapters, and journal articles. Nearly 9,100 entries are currently maintained in the
system.

Who may use DIDS and What is the Cost?

DIDS is used primarily by NIOSH personnel, but searches are often requested by persons from
industries, unions, academic institutions, and the general public. Searches are free of charge.

How can a Search be Requested?

Contact NIOSH at the following address and telephone number:

Technical Information Branch
Division of Standards Development and Technology Transfer
National Institute for Occupational Safety and Health
14676 Columbia Parkway
Cincinnati, Ohio 45226-1998
Telephone: 513/533-8350



Page 3

GLOSSARY

Grant Number - The identification number assigned to a grant application

EXAMPLE: 1 R01 OH02183-01A1

1 RO01 OH
T =17 —1

02183 01 Al

_ Signifies a first resubmission with modifications
_ Year of funding

_ Sequence number for NIOSH grants

_ Institute with primary assignment

_ Grant Activity
_ Grant Type
Typical Codes:
Grant Type
1 - New Competing application
2 - Competing renewal application
5 - Noncompeting continuation application
7 - Change of grantee institution
Grant Activity
RO1 - Research Project Grant
K01 - Special Emphasis Research Career Award (SERCA) Grant
R03 - Small Grant
R13 - Conference Grant
R18 - Demonstration Grant
R43 - Small Business Innovation Research (SBIR) Grant
Institute
OH - NIOSH

Program Areas - Research categories of particular interest to NIOSH

The 10 leading Work-Related Diseases and Injuries
Occupational Lung Diseases

Musculoskeletal Injuries
Occupational Cancers
Traumatic Injuries
Cardiovascular Diseases
Disorders of Reproduction
Neurotoxic Disorders
Noise-Induced Hearing Loss
Dermatologic Conditions
Psychological Disorders

Related Research Categories of High Priority
Control Techniques

Respirator Research
Other Occupational Needs
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
Centers for Disease Control
National Institute for Occupational Safety and Health
ANNOUNCEMENT NUMBER 923
RESEARCH AND DEMONSTRATION GRANTS
RELATING TO OCCUPATIONAL SAFETY AND HEALTH

A.  INTRODUCTION

The Centers for Disease Control (CDC), National Institute for Occupational Safety and Health (NIOSH), is
soliciting grant applications for research and demonstration projects relating to occupational safety and health.

B. AUTHORITY

This program is authorized under the Public Health Service Act, as amended, Section 301 (42 U.S.C. 241); the
Occupational Safety and Health Act of 1970, Section 20 (a)(29 U.S.C. 669[a]); and the Federal Mine Safety and
Health Amendments Act of 1977, as amended, Section 501(30 U.S.C. 951). The applicable program regulations
are in 42 CFR Part 52.

C. ELIGIBLE APPLICANTS

Eligible applicants include non-profit and for-profit organizations. Thus, universities, colleges, research
institutions, and other public and private organizations, including State and local governments and small, minority
and/or woman-owned businesses, are eligible for these research and demonstration grants.

D. AVAILABILITY OF FUNDS

The support mechanisms for this program are the individual research project grants (R01); demonstration project
grants (R18); special emphasis research career award (SERCA) grants (K01); and small grants (R03). In
FY 1990, $6,897,315 was available to fund 70 grants: 30 new grants were funded for $3,320,500 and 40
non-competing continuations were funded for $3,576,815. '

E. BACKGROUND

The NIOSH is mandated to develop recommendations for protecting workers of the United States against
diseases and injuries related to risks on the job. In 1983, NIOSH published a suggested list of ten leading
work-related diseases and injuries as part of a national goal to improve the health of the American people
through prevention activities. These are listed as the first ten entries in Section "H. FUNDING PRIORITIES."
To provide guidance on priorities for action, NIOSH sponsored the development of "Proposed National Strategies
for the Prevention of Leading Work-Related Diseases and Injuries.” Working groups composed of NIOSH
scientists drafted proposed national strategies for these ten areas of concern. These strategies were refined in
a process involving two national mectings of health and safety professionals representing academia, management,
organized labor, professional associations, and voluntary organizations. Implementation of the Prevention
Strategies requires commitment from a broad array of organizations and scientific and professional disciplines.
The extramural research program is an important means of facilitating progress in these preventive efforts.

Additional guidance is found in the document, "Healthy People 2000: National Health Promotion and Disease
Prevention Objectives." The document contains measurable objectives and strategies for creating a healthier
society over the next decade. The objectives and strategies are organized broadly into 3 major categories:
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Health Promotion, Health Protection, and Preventive Services. There are a total of 22 priority areas, The tenth
priority area, "Occupational Safety and Health," is applicable to this program announcement. Overall objectives
in this priority area are to reduce work-related deaths, injuries, and illnesses. Research is needed on the
following: identification of new stressors affecting workers, new measurement tools for assessing worker
exposures, biomarkers of workers’ exposure and response, identification of populations and individuals at special
risk of work-related disease and injury, mechanisms of insult and intoxication, hazard surveillance, disease and
injury identification and surveillance, development of control approaches, and effective use of controls.

F. PURPOSE

The purposes of this grant program are to develop knowledge on the underlying characteristics of occupational
safety and health problems in industry and on effective solutions in dealing with them; to eliminate or control
factors in the work environment which are harmful to the health and/or safety of workers; and to demonstrate
technical feasibility or application of a new or improved occupational safety and health procedure, method,
technique, or system.

G. MECHANISMS OF SUPPORT

The types of grants NIOSH supports are described below. Applications responding to this announcement will
be reviewed by staff for their responsiveness to the following program requirements. Grants are usually funded
for 12-month budget periods in project periods up to 5 years for research project grants and demonstration
project grants; up to 3 years for SERCA grants; and up to 2 years for small grants. Continuation awards within
the project period are made on the basis of satisfactory progress and on the availability of funds.

1. Research Project Grants (R01)

A research project grant application should be designed to establish, discover, develop, elucidate, or confirm
information relating to occupational safety and health, including innovative methods, techniques, and
approaches for dealing with occupational safety and health problems. These studies may generate
information that is readily available to solve problems or contribute to a better understanding of underlying
causes and mechanisms.

2. Demonstration Project Grants (R18)

A demonstration project grant application should address, either on a pilot or full-scale basis, the technical
or economic feasibility or application of: (a) a new or improved procedure, method, technique, or system,
or (b) an innovative method, technique, or approach for preventing occupational safety or health problems.

3. Special Emphasis Research Carcer Award (SERCA) Grants (K01)

The SERCA grant is intended to provide opportunities for individuals to acquire experience and skills
essential to the study of work-related hazards, and in so doing create a pool of highly qualified investigators
who can make future contributions to research in the area of occupational safety and health. SERCA
grants are not intended either for individuals without research experience or for productive, independent
investigators with a significant number of publications and of senior academic rank. Moreover, the award
is not intended to substitute one source of salary support for another for an individual who is already
conducting full-time research; nor is it intended to be a mechanism for providing institutional support.

Candidates must: (1) hold a doctoral degree; (2) have research experience at or above the doctoral level;
(3) not be above the rank of associate professor; (4) be employed at a domestic institution; and (5) be
citizens or mon-citizen nationals of the U.S. or its possessions or territories or must have been lawfully
admitted to the U.S. for permanent residence at the time of application.
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H.

This non-renewable award provides support for a three-year period for individuals engaged in full-time
research and related activities. Awards will not exceed $50,000 in direct costs per year, and the indirect
cost rate applied is limited to 8 percent of the direct costs, excluding tuition and related fees and equipment
expenses, or to the actual indirect cost rate, whichever results in the lesser amount.

A minimum of 60 percent time must be committed to research, although full-time is desirable. Other work
in the area of occupational safety and health will enhance the candidate’s qualifications but is not a
substitute for this requirement. Related activities may include research career development activities as
well as involvement in patient care to the extent that it will strengthen research skills. Fundamental/basic
research will not be supported unless the project will make an original contribution for applied technical
knowledge in the identification, evaluation, and/or control of occupational safety and health hazards (e.g.,
development of a diagnostic technique for early detection of an occupational disease). Research project
proposals must be of the applicants’ own design and of such scope that independent investigative capability
will be evident within three years. At the completion of this three-year award, it is intended that awardees
should be better able to compete for individual research project grants awarded by NIOSH.

SERCA grant applications should be identified as such on the application form. Section 2 of the
application (the Research Plan) should include a statement regarding the applicant’s career plans and how
the proposed research will contribute to a career in occupational safety and health research. This section
should also include a letter of recommendation from the proposed advisor(s) and a letter from the
supporting institution agreeing to the minimum 60 percent time commitment to research for three years.

Small Grants (R03)

The small grants program is intended to provide financial support to carry out exploratory or pilot studies,
to develop or test new techniques or methods, or to analyze data previously collected. Eligible applicants
are predoctoral graduate students, post-doctoral researchers (within 3 years following completion of doctoral
degree or completion of residency or public health training), and junior faculty members (no higher than
assistant professor). If university policy requires that a more senior person be listed as principal
investigator, the application should include appropriate justification for this arrangement. Biographical
sketches are required for the person actually doing the work as well as the supervisor and other key
consultants.

Small grants may be awarded for project periods of up to two years and are thereafter continuable by
competitive renewal as a research project grant. Salaries can be requested for necessary support staff such
as laboratory technicians, interviewers, etc. Salary of the principal investigator, as well as that of the junior
investigator (if university policy requires that a more senior person to be listed as the principal investigator),
will not be allowed. Awards will not exceed $15,000 in direct costs per year, and the indirect costs based
upon the negotiated indirect cost rate of the apphcant organization. Small grant applications should be
identified as such on the application form.

FUNDING PRIORITIES

The NIOSH program priorities, listed below, are applicable to all of the above types of grants listed under
"G. MECHANISMS OF SUPPORT." These priority areas represent the leading diseases and injuries related
to risks on the job, and NIOSH intends to support projects that facilitate progress in preventing such adverse
effects among workers. The conditions or examples listed under each category are selected examples, not
comprehensive definitions of the category. Investigators may also apply in other areas related to occupational
safety and health, but the rationale for the significance of the research to the field of occupational safety and
health must be developed. Potential applicants with questions concerning the acceptability of their proposed
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work are strongly encouraged to contact the individuals listed in this announcement under "O. WHERE TO
OBTAIN ADDITIONAL INFORMATION." The NIOSH Program Priorities are:

1. Occupational lung disease: asbestosis, byssinosis, silicosis, coal workers’ pneumoconiosis, lung cancer,
occupational asthma

2. Musculoskeletal injuries: disorders of the back, trunk, upper extremity, neck, lower extremity: traumatically

induced Raynaud’s phenomenon

Occupational cancers (other than lung): leukemia, mesothelioma, cancers of the bladder, nose and liver

Severe occupational traumatic injuries: amputations, fractures, eye loss, and lacerations

Cardiovascular diseases: hypertension, coronary artery disease, acute myocardial infraction

Disorders of reproduction: infertility, spontaneous abortion, teratogenesis

Neurotoxic disorders: peripheral neuropathy, toxic encephalitis, neuroses, extreme personality changes

(exposure-related)

8. Noise-induced loss of hearing

9. Dermatologic conditions: dermatoses, burns (scalding), chemical burns, contusions (abrasions)

10. Psychological disorders: personality disorders, psychoses, debilitating stress :

11. Control Techniques: new technology performance evaluation, preconstruction review, equipment redesign,
containment of hazards at the source, fundamental dust generation mechanisms, machine
guarding/avoidance methods, explosion control, removal of emissions after generation, dispersion models,
monitoring and warning techniques, technology transfer

12. Respirator research: new and innovative respiratory protective devices, techniques to predict performance,
effectiveness of respirator programs, physiologic and ergonomic factors, medical surveillance strategies,
psychological and motivational aspects, effectiveness of sorbents and filters, including chemical and physical
properties :

NoUnAw

I. INCLUSION OF MINORITIES AND WOMEN IN § Y POPULATION

Applicants should include, where feasible and appropriate, women as well as men and minorities in the study
of populations for all clinical and research efforts and to analyze, where appropriate, differences among these
populations. If women and minorities are not to be included, a clear rationale for their exclusions should be
provided.

J. APPLICATION BMISSION DEADLI AND REVIEW DATE

Applications should be submitted on Form PHS-398 (revised 10/88). State and local government applicants may
use Form PHS-5161-1 (revised 3/89); however, Form PHS-398 is preferred. Forms should be available from the
contacts listed under "O. WHERE TO OBTAIN ADDITIONAL INFORMATION;," or from:

Office of Grants Inquiries
Division of Research Grants
National Institutes of Health
Westwood Building - Room 449
5333 Westbard Avenue
Bethesda, Maryland 20892
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The original and six copies of the PHS-398 or the original and two copies of the PHS 5161-1 application must
be submitted to the address below on or before the specified receipt dates also provided below. A mailing label
is provided in the Form PHS-398 application package.

Division of Research Grants
National Institutes of Health
Westwood Building - Room 240
5333 Westbard Avenue
Bethesda, Maryland 20892

The timetable for receiving applications and awarding grants is given below. This is a continuous announcement,
consequently, these receipt dates will be on-going until further notice.

Research and Demonstration Project Grants:

Receipt Initial Secondary Earliest Possible
Date* Review Review Start Date
February 1 June/July September December 1
June 1 Oct/Nov January April 1

October 1 Feb/Mar May July 1

*Competing continuation deadlines are 1 month later.

ER nd Small Gran

Receipt Initial Secondary Earliest Possible
Date Review Review Start Date
March 1 June/July August November 1
July 1 Oct/Nov December March 1
November 1 Feb/Mar April June 1

Applications must be received by the above receipt dates. To guard against problems caused by carrier delays,
retain a legible proof-of-mailing receipt from the carrier, dated no later than one week prior to the receipt date.
If the receipt date falls on a weekend, it will be extended to Monday; if the date falls on a holiday, it will be
extended to the following work day. The reccipt date will be waived only in extenuating circumstances. To
request such a waiver, include an explanatory letter with the signed, completed application. No request for a
waiver will be considered prior to receipt of the application.

Applicants should follow the guidance provided in the application package. Please refer to Announcement
Number 923 when requesting information. It is essential that applicants type "NIOSH Announcement Number
923" in item 2 on the face page of the PHS-398 application form or at the top of the face page of the PHS 5161-
1.

K. EVALUATION CRITERIA

Applications received under this announcement will be assigned to an Initial Review Group (IRG). The IRGs,
consisting primarily of non-Federal scientific and technical experts, will review the applications for scientific and
technical merit. Notification of the review recommendations will be sent to the applicants after the initial review.
Applications will also be reviewed for programmatic importance by NIOSH. Awards will be made based on
results of the initial and secondary reviews, as well as availability of funds.
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The initial (peer) review is based on scientific merit and significance of the project, competence of the
proposed staff in relation to the type of research involved, feasibility of the project, likelihood of its
producing meaningful results, appropriateness of the proposed project period,

adequacy of the applicant’s resources available for the project, and appropriateness of the budget request.

Demonstration grant applications will be reviewed additionally on the basis of the following criteria:

e  Degree to which project objectives are clearly established, obtainable, and for which progress toward
attainment can and will be measured.

° Availability, adequacy, and competence of personnel, facilities, and other resources needed to carry
out the project.

o Degree to which the project can be expected to yield or demonstrate results that will be useful and
desirable on a national or regional basis.

e  Documentation of cooperation from industry, unions, or other participants in the project, where
applicable.

SERCA grant applications will be reviewed additionally on the basis of the following criteria:

o The review process will consider the applicant’s scientific achievements, the applicant’s research
career plan in occupational safety and health, and the degree to which the applicant’s institution offers
a superior research environment (supportive nature, including letter(s) of reference from advisor(s)
which should accompany the application).

Small grant applications will be reviewed additionally on the basis of the following criteria:

e  The review process will take into consideration the fact that the applicants do not have extensive
experience with the grant process.

In the secondary review, the following factors will be considered:
e  The results of the initial review.

o The significance of the proposed study to the research programs of NIOSH.

1) Clearly linked to occupational safety and health.

2)  Contributes to achievement of the research objectives specified in Section 20 (a) of the
Occupational Safety and Health Act of 1970 and in Section 501 of the Federal Mine Safety and
Health Amendments Act of 1977.

3)  Makes original contribution for applied technical knowledge in the identification, evaluation,
and/or control of occupational safety and health hazards.

4)  Addresses a question(s) that when answered will provide knowledge upon which to take
prevention action or to address another question(s) in a logical sequence of investigations
toward preventing a health or safety problem. The logical sequence need not be defined
rigorously, but there must be a likelihood of producing useful results. Judgment of the
importance of the question(s) to be addressed is based on: a) the magnitude of the problem,
b) the severity of the effects, c) the extent of the application of the results, or d) the advance
in knowledge to be derived by the project.
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¢  National needs and balance of awards across funding priorities
e  Policy and budgetary considerations.

Questions regarding the above criteria should be addressed to the Technical Information Contact listed under
"O. WHERE TO OBTAIN ADDITIONAL INFORMATION."

L. TECHNICAL REPORTING REQUIREMENTS

Progress reports are required annually as part of the continuation application (75 days prior to the start of the
next budget period). The annual progress reports must contain information on accomplishments during the
previous budget period and plans for each remaining year of the project. Financial status reports (FSR) are
required no later than 90 days after the end of the budget period. The final performance and financial status
reports are required 90 days after the end of the project period. The final performance report should include,
at a minimpm, a statement of original objectives, a summary of research methodology, a summary of positive
and negative findings, and a list of publications resulting from the project. Research papers, project reports, or
theses are acceptable items to include in the final report. The final report should stand alone rather than citing
the original application. Three copies of reprints of publications prepared under the grant should accompany
the report.

M. EXECUTIVE ORDER 12372 REVIEW

Applications are not subject to review as governed by Executive Order 12372, Intergovernmental Review of
Federal Programs. '

N. CATALOG OF FEDERAL DOMESTIC ASSISTANCE NUMBER (CFDA)
The Catalog of Federal Domestic Assistance number is 93.262.

0. WHERE TO OBTAIN ADDITIONAL INFORMATION

For Technical Information Contact: For Business Information Contact:

Roy M. Fleming, Sc.D. Ms. Carole J. Tully

Associate Director for Grants Grants Management Specialist

National Institute for Occupational Grants Management Branch, PGO
Safety and Health Centers for Disease Control

Centers for Disease Control 255 E. Paces Ferry Road, N.E,

1600 Clifton Road, N.E. Room 300, Mail Stop E-14

Building 1, Room 3053, Mail Stop D-30 Atlanta, Georgia 30305

Atlanta, Georgia 30333 Telephone: (404) 8426630

Telephone: (404) 639-3343
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Epithelial Surface Proteins: Markers
of Cancer Risk

William W. Merrill, M.D.
Yale University School of Medicine
P.O. Box 3333, 109-LCI
New Haven, Connecticut 06510

Program Area: Occupational Lung Diseases
Grant Number: 5 R0I OH02114-03

Start & End Dates: 01/01/86 -12/31/89
Funding Level: $116,868 ($410,648 Cum)

Importance to Occupational Safety.and Health

Workers who are exposed to the fibrous silicate
asbestos experience an increase in several diseases
of the lower respiratory tract. The two most
frequent and dramatic are a predisposition to
bronchogenic carcinoma and a chronic inflammatory
and fibrotic reaction in lung parenchyma termed
"asbestosis". Both diseases are found with increased
frequency in those with an occupational asbestos
exposure. Cigarette smoking increases the risk of
cancer and may also increase the risk of asbestosis
in these workers. We assess metaplasia as an index
of cancer risk with two probes (histologic and
biochemical), and study fibrosis with standard lung
function tests, and study mechanisms of injury as
revealed by cells and proteins recovered from
bronchoalveolar lavage. Our goal is to find early
markers or predictors of these diseases. Such
markers might allow therapy at an early stage prior
to development of irreversible pathology.

Objectives

There were two independent objectives in these
studies. Metaplasia was assessed in this population
by performing bronchial biopsies and quantifying
the degree of metaplasia in the biopsies by a
qualitative 4-point scale. In addition to the biopsy
technique, we quantified the amounts of two
proteins synthesized locally in the bronchial mucosa
to determine if the biochemical assessment of
metaplasia was possible in these workers.

Fibrogenesis was assessed functionally by
pulmonary function testing. Subsequently,
inflammatory characteristics of the lower respiratory
tract were related to this functional assessment.

Methodology

We have recruited 55 subjects for evaluation.
These included three normal volunteers and 52
workers with a past history of occupational exposure
to asbestos and a past or current history of tobacco
usage. All subjects received a chest radiograph and
pulmonary function testing. A subgroup of the
asbestos workers also received quantitative gallium
scanning of the lung. Following these studies, the
subjects had flexible fiberoptic bronchoscopies
performed after topical anesthesia. After a careful
evaluation of the airways, multiple small biopsies
were obtained from branch points in the right lung.
Subsequently, the bronchoscope was wedged in the
lingula and a bronchoalveolar lavage was performed.
One aliquot of the lavage fluid was frozen and
subsequently sent to collaborators in Belgium for
asbestos body counts. The remainder of the lavage
fluid was processed for quantitation of total cells
recovered and cellular differential. A variety of
proteins were quantified by micro ELISA assays.
Subsequently, we related the amount of free
secretory component (a glycoprotein synthesized by
normal bronchial mucosal cells) and the keratins
(proteins released by metaplastic bronchial
epithelial cells) present in BAL fluid to the degree
of metaplasia noted in the bronchial biopsies.

Additionally, we attempted to relate functional
impairment suggestive of fibrogenesis (diffusion
capacity) with the numbers and types of
inflammatory cells present in bronchoalveolar lavage
fluid and with the quantitative estimate of gallium
uptake obtained previously.

Significant Findings

Characterization of the population: The asbestos
worker study population was comprised of subjects
with positive chest x-rays. Approximately 50% of
the population had pleural plaques, while the
remainder had parenchymal opacities. All had at
one time been cigarette smokers; however, §0% had
stopped smoking from 1 to 32 years prior to
bronchoalveolar lavage. Each subject had
significant asbestos exposure with an average of 14.5
+ 2.4 insulator-years. The average subject had a
mild restrictive ventilatory defect with the average
total lung capacity and diffusion capacity 79% of
predicted.

Metaplasia:  Metaplasia was detectable in
bronchial biopsies obtained from half of the study
population. We attempted to relate smoking history
and asbestos exposure history to the presence of
metaplasia by separating the population into those
with and without metaplasia and applying
appropriate statistical tests. Smoking history was
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associated with metaplasia because worse grades of
metaplasia were seen in active smokers. Asbestos
exposure history was not associated with metaplasia.
We quantified free secretory component and
keratins by micro ELISA.  Free secretory
component values for the population were similar to
those of normal controls. Keratins were absent
from normal controls and detectible in 54% of the
asbestos workers.  However, there was no
relationship between keratins in bronchoalveolar
lavage fluid and the presence of metaplasia
detectible by bronchial biopsy. Finally, biopsy
evidence of severe metaplasia was associated with
the presence of acute inflammatory cells in lavage
fluid. This persisted after stratification of the
population by smoking status.

Fibrogenesis: From analysis of pulmonary
function testing, we were able to divide the asbestos
workers into those with evidence of functional
derangement (DLCO < 80% of predicted) and
those with relatively normal lung function.
Subdivided this way, those with evidence of lung
injury had a mean diffusion capacity 65% of
predicted, whereas those with relativcly normal lung
function had diffusion capacities of 100% of
predicted on average. The age, the approximate
asbestos dose in insulator-years, and smoking
history were similar in both groups. Asbestos
workers with evidence of functional derangement
had significantly more polymorphonuclear
leukocytes recovered (8.6 + 2x10° neutrophils per
BAL) than those without fibrogenesis (1.5 %
0.5x10°. BAL neutrophil number correlated
inversely with the diffusion capacity as a percent of
predicted (R = -0.56). Those with evidence of lung
injury had a significantly greater loss of diffusion
capacity over time compared to those with relatively
normal lungs. Stratification of the population by all
possible demographic and functional variables
yielded a useful predictive value for bronchoalveolar
lavage data for “"prediction" of functional
deterioration.
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Merrill WW, Carter DY, Cullen MR: The
Relationship Between Bronchial Inflammatory Cells
and Large Airway Metaplasia. Chest, in press, 1991

Merrill WW, Cullen MR, Carter D: Large Airway
and Alveolar Space Inflammation as Predictors of
Large Airway Metaplasia in Asbestos-Exposed
Subjects. Presented, 4th Annual Congress on
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Merrill WW, Cullen M: Bronchoalveolar Lavage
Neutrophils and Total Protein as Indices of Lung
Injury in Asbestosis. Clin Res 37:474, 1989
(Abstract)

Merrill WW, Cullen M, Carter D, Marchandise FX:
Histologic and Immunochemical Frequency of
Metaplasia in Asbestos Workers. Am Rev Respir
Dis 139:210, 1989 (Abstract)

Rankin JA, Marcy TA, Smith S, Olchowski J,
Sussman J, Merrill WW: Human Airway Lining
Fluid: Cellular and Protein Constituents. Am Rev
Respir Dis 137:A5, 1988

Merrill WW, Cullen M, Cater D, Care SB, Mikes P:
Histologic and Immunochemical Frequency of
Bronchial Metaplasia in Smoking Asbestos Workers.
Clin Res 35:536A, 1987

Marcy TW, Dorinsky PM, Davis WB, Merrill: Free
Secretory Component and Keratins in
Bronchoalveolar Lavage Fluid as Markers of Airway
Epithelial Cell Injury in Bronchiolitis Obliterans.
Am Rev Respir Dis 135:A409, 1987

Environmental Toxicity of
Isocyanates

William E. Brown, Ph.D.
Carnegie-Mellon University
Department of Biological Sciences
4400 Fifth Avenue
Pittsburgh, Pennsylvania 15213-3890

Program Area: Occupational Lung Diseases
Grant Number: 5 R0I OH02214-03

Start & End Dates: 02/01/87 - 06/30/90
Funding Level: $100,008 ($355,739 Cum)

Importance to Occupational Safety and Health

Isocyanates are a group of highly reactive
chemicals whose role in industrial synthesis
continues to increase. Isocyanates are used for
production of polyurethanes, rigid and flexible
foams, and pesticides. Exposure to isocyanate
vapors is a particular hazard for workers in
occupations such as paint and coatings application,
which require the use of the reactive form of the
compound. Typical responses to isocyanates range
from sensory irritation to chronic pulmonary
disease. The identification of the specific in vivo
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targets of inhaled isocyanates will enable
development of appropriate radioimmunoassays for
use in the analysis of blood or urine samples from
workers to determine the extent of their exposure to
isocyanates. The application of the exposure
protocol used in these studies may provide new
information to define different threshold events in
the exposure to isocyanates. These include a true
definition of the threshold for tissue damages, for
sensitization, and for appearance of circulating
modified macromolecules. Results of these studies
will identify in vivo reactions of airborne isocyanates
and provide methods for quantitative evaluation of
isocyanate exposures. Conclusions drawn from
these studies may be used to evaluate mechanisms
involving exposure to reactive gases.

Objectives

The goal of the proposed research is to gain an
understanding of the molecular events involved in
the toxic responses to reactive gases in general,
using isocyanates as model compounds. These
responses include sensory and pulmonary irritation,
sensitization, and chronic impairment of pulmonary
function. The four specific aims are to identify in
vivo sites of modification by inhaled isocyanates, to
identify molecular markers related to exposure, to
measure hydrolysis rates of isocyanates under
normal atmospheric conditions, and to determine
the specificity of isocyanates toward protein
reccptors.

Methodology

The measurement of the fate of inhaled
isocyanates is being accomplished by exposing
guinea pigs to atmospheres containing known
concentrations of radioactively labeled isocyanates.
Isocyanates being tested are toluene diisocyanate
(TDI), hexamecthylene diisocyanate (HDI), and
methyl isocyanate (MIC). Tissues from the
respiratory tract, as well as all other major organs
and body fluids are collected following controlled
exposures. The tissues are subjected to biochemical
analysis using extraction, electrophoretic, immuno-
chemical, and chromatographic methods, and to
histological analysis using standard staining and
autoradiographic techniques to identify the form
and location of the radiolabel. The physiological
fluids are similarly fractionated to analyze for
soluble macromolecular targets as well as metabolic
reaction products of isocyanates. The identification
of specific reaction sites of isocyanates on protein
targets are being analyzed using standard protein
chemistry methods. In vitro labeled targets are
being investigated in a similar manner after

complete .characterization of the specificity of
reaction under defined conditions.

Significant Findings

Acute exposures were done at relatively low
concentrations for short periods of time. Due to
the cannulation procedure, it was possible to
monitor the uptake of radioactivity into the
bloodstream during exposure and to show that for
all three isocyanates, some form of the radioactive
compound entered the bloodstream within minutes
and increased lincarly during exposure. Another
important finding of the blood analysis was that the
radioactivity persisted in the bloodstream up to 2
weeks post-exposure at a constant level regardless
of isocyanate tested or initial dose.

Once the isocyanate-exposed tissues and fluids
were collected, the next stage of research involved
the quantitation of radioactivity in the major tissues
and fluids as a function of concentration, isocyanate
tested, and time post-exposure. This analysis was
performed to determine the primary target tissues
and assess metabolic fate and clearance, in a
general sense. From these studies, the airways were
determined to be the primary target tissues. The
fact that radioactivity was also found in tissues such
as the liver, kidney, and spleen suggests the
possibility of systemic delivery and effect of inhaled
isocyanates.

Once the airway tissues were determined to be
a primary targct at the tissue level, histologic and
autoradiographic analyses were performed to
address the cellular distribution. The primary
cellular target was found to be the respiratory
epithelial cells and the subepithelial supporting
structure.  Co-localization with airway smooth
muscle was also observed. This work is one of the
first examples of the deposition of reactive gases,
certainly for ‘three structural variants of the same
functional group. L

Based on the localization pattern and airway
responses which are typically associated with
isocyanate exposure, several airway molecules were
hypothesized to be modified by the isocyanates.
Biochemical characterization of lung homogenates
was performed to identify macromolecular targets.
Laminin was identified as one such target primarily
by immunochemical procedures. Preliminary in
vitro studies have indicated that the structural
modification of laminin by isocyanates does
decrease its cell adhesion properties.

Another target molecule that has been
determined is a 70 kDa protein. This protein has
been shown in this work to be a common target for
all three isocyanates and is the form of radioactivity
which persists in the bloodstream. Through the
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characterization of target molecules in the lung,
another potentially important molecule was found.
This small molecule is, however, not a direct target
since it is not radioactively labeled, but it is related
to isocyanate exposure and concentration.
Examination of gel filtration HPLC profiles of lung
extracts from exposures to all three isocyanates
revealed this unique, dose-dependent, HPLC peak
which did not contain radioactivity. Preliminary
analysis of the material shows it to be approximately
2,000 molecular weight with an absorbance
maximum at 254 nm.
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Mechanism and Treatment of
Phosgene Poisoning

Andrew J. Ghio, M.D.
Duke University Medical Center
Division of Allergy, Critical Care,
and Respiratory Medicine
Box 3177
Durham, North Carolina 27710

Program Area: Occupational Lung Diseases
Grant Number: 5 R0I OH02264-05

Start & End Dates: 09/30/88 - 09/29/90
Funding Level: $153,757 ($662,108 Cum)

Importance to Occupational Safety and Health

Phosgene (COCL) is a toxic gas used
commercially as a basic monomer in the synthesis of
a wide variety of industrial agents. As a result of
this wide application, the occupational risk of
exposure is increased in the chemicals industry. In
addition, transport of this extremely toxic substance
through urban centers and use in chemical warfare
place other populations at risk.

Objectives

In several forms of lung inhalation injury, the
original causative agent or event produces
chemotaxins that recruit polymorphonuclear
leukocytes into the lung, resulting in magnification
of injury. As a result of the association of lung
neutrophils with phosgene inhalation, we tested the
hypothesis that lung injury and mortality from
phosgene was also associated with a LTB, directed
influx of neutrophils.

Methodology
We employed murine models of phosgene lung

injury. To study the role of neutrophils in lung
injury and mortality after phosgene, we investigated
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the effects of leukocyte depletion with
cyclophosphamide, inhibiting the generation of the
chemotaxin leukotriene B, by 5-lipoxygenase
inhibitor AA861, and impairing neutrophil migration
with the microtubular poison colchicine. Lavage
protein, differentials, thiobarbituric acid reactive
products, and lung function tests 24 hours after
COCl, exposure were employed as indices of lung
damage in Sprague-Dawlcy rats. Mortality of CD-1
mice was also used as an endpoint in the assessment
of pharmacologic intervention.

Significant Findings

Cyclophosphamide, AA861, and colchicine
injected before exposure significantly reduced lung
damage in rats exposed to phosgene
(0.5 ppm x 60 min.). Cyclophosphamide, AAS61,
and colchicine also significantly decreased mortality
from phosgene (2.0 ppm x90 min.) in mice.
Colchicine significantly reduced neutrophil influx,
lung injury, and mortality even when given
30 minutes after phosgene exposure. We conclude
that lung injury and mortality after phosgene
exposure are associated with an influx of neutrophils
into the lung. Preventing neutrophil migration with
colchicine may hold therapeutic potential in
phosgene poisoning.
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Influence of Particles on
Occupational Lung Disease

David Warshawsky, Ph.D.
University of Cincinnati Medical Center
Department of Environmental Health
3223 Eden Avenue
Cincinnati, Ohio 45267-0056

Program Area: Occupational Lung Diseases
Grant Number: 1 R0I OH02277-0142
Start & End Dates: 09/30/89 - 03/31/93
Funding Level: $166,651 ($166,651 Cum)

Importance to Occupational Safety and Health

Epidemiologic and experimental studies indicate
that particles and/or chemical carcinogens are
important in the development of respiratory disease.
Occupational exposure to silica often includes
exposure to polycyclic aromatic hydrocarbons
(PAH); silica has an enhancing effect on
benzo(a)pyrene induced lung carcinogenesis. This
study is designed to investigate the ability of
pulmonary alveolar macrophages (AM) to
metabolize BaP-coated silica. In the evaluation of
occupational hazards that may lead to increased
susceptibility to lung cancer, the cocarcinogenic
potential of an exposure is an important
consideration. This resecarch will provide
information on particulate modified BaP
metabolism and will contribute to our understanding
of the involvement of pulmonary alveolar
macrophage in the mechanism of lung disease.

Objectives

The long-term objective of this research is to
investigate the role that AM play in the
particulate-dependent response of the lung to BaP
via mechanisms involving BaP metabolism.
Although the mechanism of cocarcinogenic action is
unknown, several investigators have implicated BaP
metabolism. An important biological response to
inhaled particles is ingestion by AM and clearance
from the lung. Since these cells have the capacity to
metabolize BaP, it is possible that altered BaP
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metabolism leading to enhanced carcinogenic
potential occurs in the AM following phagocytosis
of silica particles and adsorbed BaP.

Methodology

Male Syrian Golden hamsters are known to be
susceptible to the formation of lung tumors by
BaP-coated particles. Alveolar macrophages (AM)
were isolated by tracheal lavage from male Syrian
hamsters (100-150 g, 8-9 wks old). The hamsters
were anesthetized with sodium pentobarbital TP
(0.5 ml 1% solution), and exsanguinated by cutting
the abdominal aorta. The trachea was cannulated
with a blunt 18 gauge needle and attached to a
3-way stopcock. The lungs were lavaged 8 times in
situ with calcium and magnesium-free phosphate
buffered saline (PBS pH = 7.2) at a volume equal
to 4-5 ml. The total recovery of volume is about
90%. The fluid was placed in a 50 ml plastic
centrifuge tube on ice. AMs were separated from
the lavage fluid by centrifugation at the rate 200x g
for 10 min. at room temperature. After the
centrifugation, the supernatant was discarded and
the pellets were resuspended with RPMI-1640
medium containing 0.1% gentamicin, 25 mM
L-glutamine, 0.2% sodium bicarbonate and 2 mg/ml
bovine serum albumin pH = 7.2). An aliquot of the
cell suspension was removed to determine the
viability and the numbers of cells by trypan blue
staining procedure. Another aliquot of the cell
suspension was used to identify the purity of AM by
using cellular differential staining (Diff-Quik stain
set Sci. Product Inc.). The population of alveolar
macrophages for each isolation was about 90-95%.
About 1x10% cells with 2.5 ml RPMI-1640 were
plated for each petri dish. ~After 1.5 hr, the
unattached cells were removed. Then the cells were
started with chemical treatments, ie. ferric oxide and
Min-U-Sil silica. Viability analyses were carried out
at 24- and 48-hr time points.

In future studies, the remainder of the medium
will be extracted with ethyl acetate. The ethyl
acetate extract will be analyzed by HPLC to
quantitate metabolites and parent compound. The
aqueous layer will be analyzed for the presence of
conjugates. The AM will be removed and cells will
be analyzed as described above. Additional studies
will be conducted to compare the extent of binding
to DNA and protein to the release of metabolites
from the cell. The DNA and total protein will be
isolated by the phenol extraction method. The
extent of binding will be determined by liquid
scintillation spectrometry.

In conjunction with the further studies, media
from the AM will be extracted with ethyl acetate
and evaporated to dryness. The residue will be

reconstituted in a water methanol mixture and the
parent compound will be separated from the
metabolites by reverse phase Sep-pak
chromatography. The metabolite mixture with and
without BaP will then be analyzed by bacterial
mutagenesis assays with and without S9.

Significant Findings

The comparative viability of the AM in the
presence of ferric oxide and silica was undertaken
to determine noncytotoxic doses during
phagocytosis. Doses of ferric oxide and silica from
0.0 to 0.5 mg were used. The viability of the AM in
the presence of ferric oxide up to the highest dose
was similar to controls. After 24 and 48 hrs, the
viability of the AM was approximately 80 and 70%,
respectively. In the presence of silica, the viability
of the AM was similar to controls up to 0.05 mg,
approximately 80 and 70% at 24 and 48 hrs,
respectively. At 0.1 mg silica, the viability of the
AM began to drop to 40%, and at 0.5 mg, the
viability was essentially zero. At the present time,
similar studies are underway using other forms of
silica and BaP coated particles in the presence of
cytochrome C to monitor changes in the basal
metabolic rate of the AM as a measure of
phagocytosis.

The ferric oxide used was of respirable size with
a particulate size distribution of greater than 90%
having diameters less than 5 microns and over 70%
having diameters less than 2.5 microns. The
crystalline silica used was of respirable size with a
particulate size distribution of greater than 99%
having diameters less than 5 microns and over 9%
having diameters less than 2.5 microns. The silica
particles have a mean diameter of 0.83 microns and
a surface arca of 2.99 m?/g. Work is in progress on
particulate sizing of BaP coated forms of silica and
ferric oxide. Metabolism studies of BaP and
BaP coated particles are in progress. Additionally
*P-postlabeling techniques have been developed to
investigate the effects of particles on BaP adduct
patterns of DNA in the alveolar macrophage.
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Pilot Project to Assess Mortality
Among Former Chromium Smelter
Workers

Kenneth D. Rosenman, M.D.
Michigan State University
College of Human Medicine
Department of Medicine
B-220 Life Sciences Building
East Lansing, Michigan 48824-1317

Program Area: Occupational Lung Diseases
Grant Number: 5 R0I OH02298-02

Start & End Dates: 07/01/89 -06/30/91
Funding Level: $34,068 ($129,954 Cum)

Importance to Occupational Safety and Health

This study will provide better estimates of the
risk of lung cancer among chromium smelter
workers. It will also provide data on the feasibility
of contacting high risk workers and determining
their willingness to participate in longitudinal
followup research studies.

Objectives

1. To assess the mortality risk of employees
involved in the production of chromate.

2. To assess the feasibility of conducting followup
medical examinations to determine the
predictive value of sister chromatid exchanges
and chromosomal aberrations in a high risk
population.

Methodology

Quarterly social security records were used to
develop a cohort of former chromium smelter
workers. Information on duration of employment
was also obtained from these quarterly reports.
Followup of the cohort has been made using Social
Security records, the Internal Revenue Service letter
forwarding service, and New Jersey Health
Department death tapes. Further followup is
planned using New Jersey motor vehicle records,
the National Death Index, and a second mailing.

Significant Findings
A cohort of 5300 former chromium smelter

workers from five different plants was compiled.
Approximately 2,000 individuals were identified as

deceased, using social security records and the New
Jersey death tapes. A letter and questionnaire were
sent to approximately 1,200 former workers whose
addresses could be located. About 750 returned the
questionnaire. Fifty-five percent were interested in
attending a medical screening.

Collection of death certificates and tracing of
missing cohort members is currently underway.

Effect of Particle Load on Alveolar
Clearance

Edward H. Bergofsky, M.D.
SUNY at Stony Brook
Pulmonary Medicine
HSC, T-17, Room 040
Stony Brook, New York 11794-8172

Program Area: Occupational Lung Diseases
Grant Number: 2 R0I OH02332-04

Start & End Dates: 06/01/90 - 05/31/91
Funding Level: $163,262 ($569,878 Cum)

Importance to Occupational Safety and Health

Respirable particulates in occupational and
environmental aerosols deposit on mucus and
respiratory membranes of the lung.  Efficient
clearance of these deposited particulates is
necessary for normal lung function. Knowledge of
normal clearance rate, route, and retention sites is
necessary for understanding lung dosimetry and
dysfunction when challenged by excessive numbers
of particulates, cytotoxic or radioactive particles, or
infectious organisms. Animal studies have indicated
that increasing particle burdens in the lung depress
the clearance rate and alter routes of clearance. In
man, a number of studies suggest particle excess in
the lung can lead to fibrotic lung disease, as well as
other diseases. We have determined the normal
rate and routes of clearance in a large animal, the
sheep, whose lung size and anatomy is similar to
man and can provide lung dosimetry in regard to
sites of particle deposition, retention, and particle
burden concentrations which may be directly
applicable to man. The present study will examine
the effect of increasing inhaled particle loads on
subsequent clearance via our established sheep
experimental model, and further elucidate the major
mechanism whereby high loads of deposition
damage lung defenses, impair particle clearance,
and alter clearance routes.
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Objectives

1. Determine alterations in normal particle
clearance for supramicron (3.0 um diameter)
and submicron (0.5 um diameter) particles
under increasing lung burdens.

2. Quantitate the number of particles ingested by
macrophages in the tracheobronchial tree in the
first 48 hours post-deposition.

3. Quantitate the number of particles engulfed by
alveolar macrophages over several months
post-deposition and the clearance kinetics of
these cells.

4. Examine the effects of particle loading on
mobility and function capacity of macrophages
such as Fc receptor proliferation, microbial
killing, oxygen metabolites, and in vitro
phagocytosis.

Methodology

Our approach will permit us to determine
particle-cell ratio under low load for a supramicron
and submicron particle. These particles will contain
either a radioactive tag (*’Co) or a fluorescent tag.
We will follow clearance non-invasively via gamma
camera imagery and serial computer stored images.
We will perform serial upper airway lavage and
bronchoalveolar lavage.  These cells will be
examined for radioactivity by well counter and for
particle content by fluorescent microscopy. The
collected cells will be cultured and examined for Fc
receptors by fluorescently tagged antibodies.
Changes in functional characteristics, such as
microbial killing, oxygen metabolites, and
phagocytosis, will be investigated by a variety of in
vitro assays. Increasing particle loads administered
by instillation and inhalation followed by gamma
imagery and serial lavage will be evaluated for
alterations in clearance and cell functions as
outlined above.

Significant Findings

1. Normal tracheobronchial clearance is complete
in 45 hours and alveolar clearance has a
half-life of 30 days for the 3.0 um particle as
determined by gamma camera imagery.

2. On instillation, 35% of the tracheobronchial
macrophages contain both 0.5 pm particles and
3.0 um particles at 1 hour post-deposition. The
ratio of 0.5 um particles to 3.0 um particles
engulfed by macrophages was the same as the
number of particles deposited (400:1). No
particles were found in tracheobronchial
macrophages 48 hours post-deposition,
indicating upper airway macrophages had

cleared within 48 hours, confirming the
non-invasive imagery of finding 1.

3. On instillation, 40% of the alveolar

macrophages contained particles at 24 and 48
hours post-deposition with 12% containing >S5
particles. By day 10, only 10% of the
macrophages contained particles and only 1%
had >5 particles. On inhalation, 10% of the
alveolar macrophages contained particles at 24
and 48 hours post-inhalation with no
macrophages containing >5 particles. By day
10, greater than 30% of the macrophages
contained particles with 11% having >5
particles. By day 30, only 3% of the
macrophages contained particles with no
macrophages containing >5 particles. These
findings suggest either macrophages are
activated upon engulfing particles which
subsequently render them more efficient in
ingesting other particles or a subpopulation of
cells exist in situ which react with
non-immunogenic particulates.
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Langenback EG, Bergofsky EH, Halpern JG, Foster
WM: Determining Deposition Sites of Inhaled
Lung Particles and Their Effect on Clearance.
Journal of Applied Physiology 68(4):1427-1434, 1990

Langenback EG, Bergofsky EH, Halpern JG, Foster
WM: Supramicron Sized Particle Clearance from
Alveoli: Route and Kinetics. J Appl Physiol
69(4):1032-1308, 1990 ‘

Goldstein RA, Rohatgi PK, Bergofsky EH, et al.:
Clinical Role of Bronchoalveolar Lavage in Adults
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Langenback EG, Bergofsky EH, Halpern JG, Foster
WM: The Sequestered State Prolongs Clearance of
Particles from Alveoli. ~Am Rev Resp Dis
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Langenback EG, Foster WM, Bergofsky EH:
Calculating Concentration of Inhaled Radiolabeled
Particles from External Gamma Counting: External
Counting Efficiency and Attenuation Coefficient of
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Health 27:139-152, 1989
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Exposure Alters Tracheobronchial Mucociliary
Function in Man. J Appl Physiol 63:996-1692, 1987
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Lung Disease in Chinese Textile
Workers

David C. Christiani, M.D.
Harvard School of Public Health
665 Huntington Avenue
Boston, Massachusetts 02115

Program Area: Occupational Lung Diseases
Grant Number: 1 R0O1 OH02421-0141
Start & End Dates: 06/01/88 -12/31/89
Funding Level: $78,510 ($78,510 Cum)

Importance to Occupational Safety and Health

This study is a longitudinal follow-up of cotton
textile workers in Shanghai, China. The relevance
of the knowledge gained from this work includes:
the relative contributions of cotton dust and gram
negative bacterial endotoxins in producing acute and
chronic respiratory disease; the rate of annual
decline in lung function after exposure to cotton
dust; and the importance of acute, cross-shift change
in FEV, in predicting longitudinal loss of lung
function. Determination of exposure-response for
gram negative bacterial endotoxins is important not
only for textile workers, but also for thousands of
workers exposed to other organic dusts and
environments rich in endotoxin.

Objectives
Briefly stated, the project objectives have been:

1. To determine the 5-year incidence and
remission of byssinosis and non-specific
respiratory symptoms among cotton textile
workers, using silk workers for comparison, and
to relate these findings to exposure to cotton
dust and endotoxin.

2. To determine the rate of annual decline in
pulmonary function in cotton workers and silk
referents and relate these outcomes to various
estimates of current and historical work
exposures.

3. To explore the relative contributions of cotton
dust and airborne gram negative endotoxin
exposure in the development and progression of
respiratory symptoms and pulmonary function
change.

4. To explore the assumption of a cross-shift
change in FEV, at baseline screening and
subsequent development of respiratory
symptoms and loss of FEV,.

Methodology

The study is a S-year follow-up with surveys
done at year 0 and year 5. Respiratory
questionnaire, pulmonary function, and air sampling
were performed at both surveys using identical
techniques. Retirees were contacted and tested at
year 5; and cause of death, as well as other reasons
for loss from cohort, was ascertained on all subjects.

Significant Findings

Symptoms. Ninety percent of the original
cohort was identified at the time of the 5-year
survey. There were no significant differences in
symptoms or baseline pulmonary function between
those retested and those lost to follow-up. Cotton
textile workers reperted an excess of both acute and
chronic symptoms as compared with silk workers,
after adjustments for smoking. However, byssinosis
incidence was very low: 4.2% of smokers and 2.7%
of non-smokers. As with other longitudinal studies,
there was considerable symptom variability between
the two surveys. However, chronic respiratory
symptoms (chronic bronchitis, chronic cough) and
chest tightness at work were more common among
cotton workers than silk workers. Dyspnea was a
commonly reported symptom among both cotton
and silk workers. Since it is a symptom generally
associated with chronic respiratory impairment, its
association with exposure and with initial survey
results was examined.



Page 20 - Occupational Lung Diseases

Pulmonary Function. Over the 5-year period of
study, cotton textile workers had a significantly
greater loss in FEV, than silk workers (-203 mls vs.
-170 mls, p < 0.05). This excess loss was seen in all
smoking categories.  Efforts at quantitative
exposure-response relationships for dust and
endotoxin were not successful, probably due to
exposure misclassification.  Nevertheless, when
examined in an autoregressive model, exposure to
cotton dust results in a significantly greater annual
decline in FEV; after adjusting for age, sex, height,
smoking, and baseline FEV,.

Interestingly, across-shift change in FEV, in
cotton workers was predictive of 5-year loss in FEV,
after adjustments for age and smoking. This
relationship had not been firmly established by
previous studies of cotton textile workers.

Symptom-Pulmonary Function Relationships.
Despite the variability in symptom reporting in the
two surveys, there is evidence of a relationship
between symptom prevalence and lung function loss.
Workers who consistently reported symptoms of
byssinosis or chronic bronchitis had the greatest
decline in lung function, followed by those with
inconsistent reports (i.e., on one of two surveys),
and finally by those who consistently reported no
symptoms. It would therefore appear that hidden in
the "noise" of respiratory symptom prevalence is an
actual measure of disease.

Publications

Olenchock SA, Christiani DC, Ye TT, Lu PL.
Airborne Dust and Endotoxin Concentrations in
Various Work Environments Within Two Cotton
Textile Mills in the People’s Republic of China.
Biomedical and Environmental Sciences, in press,
1990

Airway Hyperreponsiveness Due to
Cotton Bract Exposure

E. Neil Schachter, M.D.
Mount Sinai School of Medicine
One Gustave L. Levy Place
A24-30 Box 1232
New York, New York 10029-6574

Program Area: Occupational Lung Diseases
Grant Number: 5 R01 OH02593-02

Start & End Dates: 09/01/89 -08/31/91
Funding Level: $135,213 ($267,155 Cum)

Importance to Occupational Safety and Health

Byssinosis remains a significant occupational
health priority in the United States. Many textile
workers exposed over several decades before the
advent of the current environmental standards are
at risk of impairment due to chronic airway disease.
Younger workers are at a lower risk, but the
current prevalence is unknown.

A growing body of evidence associates
occupational and environmental pollutants with
airway inflammation. The inflaimmation may be
clinically reflected by non-specific airway
hyperresponsiveness, a condition associated with the
development of chronic airflow obstruction. By
exploring the effects of cotton bract extract
challenge on the development of airway
responsiveness in our model of healthy volunteers,
we hope to provide insight into the transition
between the well-characterized acute response to
cotton dust and the often irreversible chronic
airflow obstruction found in many older workers
with byssinosis. Additionally, this study will help
validate our in vivo model of byssinosis in healthy
volunteers exposed to cotton bract extract (CBE)
and will extend our previous observations
concerning the interaction of cigarette smoking and
byssinosis.

Objectives
Our specific aims are:

1. To investigate if cotton bract exposure induces
airway hyperresponsiveness in healthy smokers
and non-smokers. The working hypothesis is
that smokers have an asymptomatic, low-level of
airway inflammation that makes them more
susceptible to nonm-specific airway
hyperresponsiveness following acute exposure to
cotton bract extract (CBE).

2. To cxamine the effect of repeated CBE
exposure on non-specific bronchial
hyperresponsiveness. The working hypothesis is
that repeated exposures to CBE leads to
progressively greater inflammation in the airway
which is reflected by airway hyperresponsiveness
to methacholine (this despite the apparent
tachyphylaxis that occurs with lung function
changes over the work week).

Methodology

Our laboratory has developed an in vivo model
for the effects of cotton dust on human airways.
The model consists of studying lung function
changes resulting from challenge with an aerosol
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containing the water soluble extract of cotton bracts
(CBE). The two major objectives of the current
study will be examined using this model.

Objective  1: In 50 smokers and 25
non-smokers, challenge with CBE will be followed
by a methacholine challenge test two hours after
CBE exposure to look for differences between these
groups.

Objective 2: The airway responses following a
single CBE exposure will be compared to the effects
after exposure for 5 continuous days and again
following a two-day absence of exposure (e.g., a
weekend). This will permit us to study cumulative
effects of repeated exposures.

Significant Findings

We exposed 19 healthy non-smokers (NS) to
CBE inhalation on 5 consecutive days, and on a 6th
day, following a 2-day interruption of CBE
inhalation. Partial and maximal expiratory flow
volume loops were obtained prior to baseline (BL)
and at 15-minute intervals for 2 hrs after CBE
inhalation.

The average maximal MEF40 (P) percent
decrement from BL (AMMPDB) was calculated for
each of the 6 days; the AMMPDB for each day was
143 + 34% on day 1, 9.2 + 40% on day 2, 113 +
3.8% on day 3, 8.7 + 3.4% on day 4, 9.2 + 3.5% on
day 5, and 13.5 + 3.6% on day 6. Longitudinal data
analysis, comparing the AMMPDB from day 1 with
the AMMPDB from each of the subsequent days
revealed that the AMMPDB was greater on day 1
than on day 2 (p = .11), day 4 (p < .05) and day 5
(p = .07). No significant difference in AMMPDB
was noted between day 1 and day 6 (p = .76). No
significant difference in AMMPDBs was noted
between non-Monday days. Conclusion: (1) acute
decrements in expiratory flowrates were observed
following sequential daily challenges with CBE of
cotton bract extract; (2) daily decrements in
expiratory flowrate following inhalation of CBE on
5 consecutive days were greatest on the first day;
(3) after a 2-day interruption of CBE inhalation,
CBE-induced decrements in expiratory flowrate
return to levels noted on the first day of CBE
inhalation.

We studied the response to methacholine
challenge (MC) at baseline (BL) and 2 hrs. after
the inhalation of nebulized CBE in 34 healthy
smokers (HS) (mean = 11 pack years) and 20
healthy nonsmokers (HNS) ages 18-40. Partial and
maximal expiratory flow volume loops were
obtained prior to bronchial challenge (BL), at
fifteen-minute intervals following CBE inhalation,
and after cach inhaled incremental dose of MC up
to a maximal dose of 200 mg/ml.

In 4 of 20 HNS versus 18 of 34 HS (p < .05), a
> 20% decrement in MEF20 (P) occurred within 2
hours of CBE inhalation. The mean BL MC log
(PD20MEF40 (P)) +1 was significantly lower in
smokers vs. non-smokers, 1.95 vs. 2.81 (p < 0.001).
Two hours after CBE inhalation, no significant
change in bronchial responsiveness to methacholine
was noted in the HNS. However, in the HS a lower
log (PD20MEF40 (P)) +1 for methacholine was
noted after CBE challenge; 1.95 vs. 1.60 (p = .07).
At 2 hours after CBE inhalation, the response to
methacholine was lower in smokers vs. non-smokers
(p = 001). Conclusion: (1) young HS have a
higher response rate to CBE induced flow changes
than HNS; (2) CBE enhances airway reactivity in
HS; and (3) HS exhibit greater bronchial
responsiveness than HNS to methacholine both at
BL and 2 hrs after CBE inhalation.
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Importance to Occupational Safety and Health

Current sampling instruments of respirable dust
(RD) may overestimate the inhaled dose by up to
400% depending on the size distribution of the
airborne dust. This limitation and the practice of
assigning a single value for RD to all jobs regardless
of the level of activity, i.e., respiratory frequency
(RF) and tidal volume (TV), are incompatible with
the advances in occupational epidemiology.
Therefore, there is a need for a dust sampling
instrument that is capable of estimating pulmonary
deposition at various TV and RF.

Objectives

The objective of this project is to develop a new
dust sampling device, designed to estimate
pulmonary deposition (PD), to alleviate the
limitations described above. The device consists of
a 10 mm cyclone followed by a single-nozzle
one-stage impactor. The dust fraction of interest is
collected by impaction on a 10 mm diameter
microscope cover slip. Estimation of PD is
obtained by selecting the appropriate air flow rate
and diameter of impactor so that the combined
performance will simulate the bell shaped curves of

PD at various RF and TV. Six single-nozzle
impactors are used with jet diameters of 0.139,
0.159, 0.179, 0.198, 0.218, and 0.238 cm. This
configuration was selected, rather than two
impactors in series, to obtain better matching of PD
(impactors have sharp and steep cut-off curves as
compared to cyclones). A cyclone can also collect
large amounts of dust without overloading. Other
advantages of the instrument include improved
estimation of the inhaled dose in epidemiologic
studies of pneumoconiosis and reduced handling
steps for chemical analysis of the collected dust,
e.g., a silver membrane filter may be used as the
collection stage for silica. This filter can be directly
submitted for x-ray diffraction analysis.
Performance of the new sampler is evaluated using
aerosols with aerodynamic equivalent diameters
ranging from 0.5 to 10 um at air flow rates within
the range of battery-operated personal sampling
pumps (0.5 to 3.0 lpm).

Methodology

The aerosol is generated using a May Spinning
Top Aerosol Generator. A Harvard syringe pump
model 931 is used to feed the uranine-methylene
blue (UMB) solution to the generator. Satellite
aerosol is removed using a high volume EG&G
Rotron blower model SL4P2. The generated
aerosol is delivered to the top of a 21 ft* aerosol
sampling chamber through a TSI Inc. Kr-85 particle
neutralizer model 3054. The aerosol is thoroughly
mixed with dilution air at the top of the chamber
before it is allowed to pass through a diffusion
screen to the sampling compartment of the
chamber. The air is exhausted from the sampling
compartment through another diffusion screen by
the same EG&G blower. The UMB solution used
in the experiment is produced by dissolving uranine
and methylene blue in the ratio of 2:1 by weight in
an aqueous solution of 40% ethyl alcohol. Particle
size distributions are determined by microscopy and
a density of 1.4 mg/cm® is assumed for the
conversion of projected area diameters to
aerodynamic equivalent diameters. Control of the
size of the generated aerosols is achieved by the
selection of the appropriate concentration of UMB
used in the generation solution. A UV/VIS
spectrophotometer is utilized for all UMB mass
determinations. ' '

Significant Findings

Because there are several types of membrane
filters that can be used for aerosol sampling, it was
decided to test the efficiency of aerosol recovery
from three main types, i.e., MSA PVC, Nuclepore,
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and Teflon. The results indicated that the PVC
filters were associated with the highest recovery
efficiency followed by the Nuclepore and Teflon.
After normalizing recovery efficiencies to that of
PVC, the obtained values were 100% for PVC with
a coefficient of variation (CV) of 2.8%, 96.5% for
Nuclepore with a CV of 3.9% and finally 88.9% for
Teflon with a CV of 5.4%. Therefore, MSA PVC
membrane filters are utilized in all experimental
procedures. '

Performance of the 10 mm nylon cyclone and
two European types of metal cyclones utilized for
personal sampling of respirable dust were also
evaluated at air flow rates of 0.5, 0.75, 1, 1.5, 2 and
3 Ipm. The penetration characteristics of the
aluminum cyclones were consistently higher than
those of the nylon version. The health implications
of these findings, that is, overestimation of the
inhaled dose, may be looked upon in two ways. The
first case, utilization of these metal cyclones in
epidemioclogic investigations of pneumoconiosis will
result in dose-response relationships  that
underestimate the toxicity of the agent. The second
case is when dust sampling is performed for
compliance purposes, where overestimation results
in erring on the safe side, that is, protection of the
workers’ health.

Calibration of the 6 impactors indicates that
their effective cut-off diameters are 1.61, 1.94, 2.32,
2.7,3.12 and 3.56 um. The results obtained to date
show that the basic concept of the proposed
instrument is valid, and they also show that the
combined performances of the impactors and
cyclones at different air flow rates result in close
simulation of pulmonary deposition at various
ventilatory rates.
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Hammad Y, Gomaa A: Evaluation of the
Performance of the SKC Aluminum Respirable
Dust Cyclone. Proc of 1990 American Industrial
Hygiene Conference, Orlando, Florida,
May 13-18, 1990
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Importance to Occupational Safety and Health

This study is a follow-up of historical files of the
California Workers Compensation Appeals Board
(WCAB). The files are claims for silicosis,
pneumoconiosis, and other pulmonary conditions,
and include twice the number of controls (including
accidents, musculoskeletal injuries, and other
claims). The pulmonary diseases claims plus
controls -comprise the California Silicosis Registry,
which when complete will provide the first
prospective capacity for epidemiologic studies of
claims for silicosis and accidents. In addition, this
research study will provide an examination of
workers’ compensation claims data.

Objectives

The registry was created to examine a
contentious hypothesis in occupational cancer
epidemiology:  the association between silica
exposure, silicosis, and cancer. In addition, the
study will provide an opportunity to explore the
relationship between silicosis, other pulmonary
diseases, and mortality from tuberculosis and other
nonmalignant respiratory diseases. Follow-up data
from the controls will permit the examination of the
mortality risks for claims related to accidents and
other on-the-job conditions.

Methodology

Study follow-up will use NIOSH person-years
program to calculate standardized mortality ratios
(SMRs) for 89 causes of death. For cancers and
other causes of death in excess, nested case-control
studies will be undertaken that adjust for smoking
(where available), other hazardous exposures, and
drinking,
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Significant Findings

Preliminary findings (using proportionate
mortality ratios [PMRs]) demonstrate that WCAB
claimants with silicosis have excess mortality
(p<0.05) from tuberculosis, nonmalignant
respiratory diseases, lung and pancreatic cancers.
There were no excesses for gastric and lymphatic
cancers, heart diseases, and accidents among lung
disease claimants. Among controls, elevated PMRs
(p<0.05) were found for several cancers including
gastrointestinal and pulmonary neoplasms, and for
suicide. There were deficits in risk for lung and
heart diseases, accidents, and no deaths from
tuberculosis.

Coal Dust Particle Size and
Respiratory Disease

Thomas G. Robins, M.D., M.P.H.
The University of Michigan
School of Public Health
Occupational Health Program
1420 Washington Heights
Ann Arbor, Michigan 48109-2029

Program Area: Occupational Lung Diseases
Grant Number: 1 ROI OH02761-01

Start & End Dates: 09/01/90 - 08/31/92
Funding Level: $120,257 ($120,257 Cum)

Importance to Occupational Safety and Health

Exposure to coal mine dust is strongly
associated with the development of coal workers’
pneumoconiosis (CWP) and chronic obstructive lung
disease, including emphysema and chronic
bronchitis. The most important studies which
demonstrate such effects use measurements of
respirable coal mine dust, ie., dust depositing
primarily in the terminal airways and alveoli, as the
basis of their exposure assessment. There are,
however, good reasons to believe that some of the
effects associated with coal dust, e.g., chronic cough
and phlegm production, may be more specifically
related to large particle-size dust which deposits
primarily in the tracheo-bronchial tree. This study
will characterize the particle-size distribution of
underground coal mining occupations and use this
information, in conjunction with previously
developed respirable dust exposure estimates, to
estimate exposures to dust depositing in the

tracheobronchus. Exposure-response functions will
then be fitted for a cohort of underground miners
to determine the importance of tracheo-bronchial
vs. respirable dust fractions in the etiology of lung
diseases in miners.  The results may help
characterize the exposure-response function for
respiratory disease in coal miners and more
specifically determine the specific parameters of
exposure that give rise to the observed effects.

Objectives

1. Characterize the particle-size distribution of
dusts in underground coal mining operations.

2. Develop estimates of tracheo-bronchial dust
exposures for a cohort of miners using
previously developed respirable dust exposure
estimates and the particle-size information.

3. Explore the exposure response functions for
respirable and tracheobronchial dust exposures
and the development of airflow limitations and
symptoms of chronic bronchitis.

Methodology

Particle-size distributions of dust exposures will
be characterized for a set of occupations derived
from the work histories of miners participating in
the National Study of Coal Workers’
Pneumoconiosis. Several mines will be visited and
exposures to miners employed in the targeted
occupations will be monitored using a personal
multi-stage impaction sampling device. Using a
deposition model for pulmonary aerosols, the ratio
of respirable to tracheo-bronchial dust will be
calculated for each occupation. These ratios will
then be applied to the respirable dust concentration
data previously estimated from government
sampling programs to develop several measures of
dust exposure. Temporal aspects such as latency
and exposure intensity will be considered in
developing alternative parameters of cumulative
exposure. Exposure response functions will then be
fited for each of the alternative exposure
parameters with pulmonary function decrements
and the development of symptoms of chronic
bronchitis. The fit of the alternate models will be
interpreted, where possible, to distinguish between
alternative hypotheses concerning the mechanism of
dust-induced injury and the development of lung
abnormalities.

Significant Findings

None to date.



Occupational Lung Diseases - Page 25

Detecting Lung Overioad by
Magnetometry

Sidney C. Soderholm, Ph.D.
University of Rochester
School of Medicine and Dentistry
Environmental Health Sciences Center
575 Elmwood Avenue, Box EHSC
Rochester, New York 14642

Program Area: Occupational Lung Diseases
Grant Number: 1 R0I OH02772-01

Start & End Dates: 09/01/90 - 08/31/94
Funding Level: $210,090 ($210,090 Cum)

Importance to Occupational Safety and Health

Rats chronically exposed to high concentrations
of a variety of insoluble dusts develop lung overload
in which particle clearance, i.e., the lungs’ normal
ability to remove deposited dust, is impaired. If
exposure continues, pathological conditions develop
which may be similar to the pneumoconioses which
sometimes occur in workers after long-term
exposures to high concentrations of dust.
Extrapolation of data from rats suggests 1 to 3
grams of dust in human lungs might lead to
significant impairment of particle clearance followed
by disease if exposure continues. Projections
indicate that current governmental limits on
occupational dust concentrations may allow the
mass of dust in workers’ lungs to reach 1 gram in as
little as 6 months of exposure.

Non-invasive measurement of fields produced
by magnetic particles in lungs can characterize a
number of functional parameters related to lung
overload. Magnetometry has been used to measure
burdens and clearance rates of inhaled magnetic
particles in humans and experimental animals and
to characterize macrophage mobility and
cytoplasmic viscosity. Characterizing these functions
and determining the dose of inhaled dust required
to change them in workers and experimental
animals would allow detailed comparisons among
species to detect similarities and differences in
disease states. These characterizations would also
increase the level of confidence with which
predictions of adverse effects in humans could be
made from extrapolations of data obtained using
experimental animals. Success in this project and
planned subsequent human studies will lead to a
better understanding of whether lung overload
occurs in humans and how to set exposure

guidelines to avoid adverse health effects in
workers.

Objectives

The long-term objectives of the proposed line of
rescarch are to more fully characterize lung
overload in rodents and to develop and apply
methods for determining whether it occurs in
humans. The overall aims of this project are to:
(1) develop a magnetic test aerosol and assemble a
magnetometry system suitable for measurements in
rodents, (2) demonstrate that dust clearance rates
can be measured reliably using magnetic aerosols,
(3) test hypotheses which suggest magnetometry
may have unique capabilities to detect and
characterize lung overload, and (4) compare results
from guinea pigs and rats to provide a broader
information base for extrapolating to humans and
for planning future human studies. -

Methodology

Small groups of animals will be exposed for 13
weeks to different amounts of a magnetic dust and
an "inert" dust (Ti0,). The degree of overload will
be characterized by the clearance of radioactive
tracer particles and by limited histology.
Magnetometry will provide measurements of the
lung burden of magnetic particles, lung clearance
rates, macrophage mobility, and viscosity of the
particle microcnvironment. Changes in these
parameters with degree of overload by the magnetic
dust or TiO, (with a small amount of magnetic dust
to allow magnetometry) will allow determination of
which functional parameters are most useful in
detecting lung overload. = Changes in these
parameters with other experimental variables will
allow determination of whether confounding factors
related to species, animal age, length of time since
exposure to the magnetic dust, or length of time
since exposure to the nonmagnetic dust might
complicate the interpretation of the results of
similar measurements in humans.

Significant Findings

None to date.
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Importance to Occupational Safety and Health

Our current research aims are to determine in
vivo and in vitro mechanisms which increase airway
muscarinic responsiveness. This has and will
continue to be done in subjects with bronchial
hyperreactivity, the increased airway irritability
which characterizes asthma and ozone-induced lung
injury. What we have learned from our previous
studies of airway structure and function in this
disorder suggests that injury to normal lung
constituents results in the elaboration of factors
leading to cholinergic neuromuscular
hyperresponsiveness. Among the many potential
cell types that could influence bronchomotor tone
are cells of the respiratory mucosa which may affect
airway muscle both pre- and post-synaptically.
From our work, it appears that airway muscle
responsiveness in acute, ozone-induced bronchial
hyperreactivity is increased, and that this
hyperresponsiveness is linked to more than one
noncyclooxygcnase, mucosa-derived factor in the
guinea pig.  Thus, we speculate that the
hyperreactivity developing acutely after ozone
exposure may be due to mucosa-derived factors
which increase the responsiveness of airway muscle.
Identification of these factors and the cellular
mechanisms by which they augment smooth muscle
contractility merit further study.

Objectives

Increased bronchial irritability (bronchial
hyperreactivity) is a characteristic feature of asthma,
and understanding its pathogenesis may provnde new
insights for better treatment. In guinea pigs with
acute Oj-induced airway injury, we have found
cholinergic hyperreactivity which may be related to

a lipooxygenase product, possibly leukotriene,
elaboration. Our recent studies have suggested that
intralobar bronchial and tracheal muscle, from
ozone-exposed airways, is hyperresponsive to ACh
and KCl in vitro. We now aim to: (1) confirm
whether or not the in vitro responsiveness of certain
airway generations is increased in animals with
ozone-induced bronchial hyperreactivity,
(2) evaluate whether this responsiveness is specific
or nonspecific, and (3) assess possible mechanisms
for this effect, including airway cell neutral
endopeptidase inactivation.

Methodology

To accomplish Aim 1, we will compare the
effect of ozone- and sham-exposure in vivo on
(a) smooth muscle preparations from different
airway generations and on (b) airway muscle
muscarinic responsiveness to endogenously released
(via electrical field stimulation (EFS) ) versus
exogenous ACh. If ozone exposure augments EFS
responsiveness, its possible pre-synaptic effects will
be more directly assessed by measuring [’H] ACh
release from intramural cholinergic nerve terminals
of airways. To further satisfy Aims 2 and 3,
potential post-synaptic effects will be assessed,
including the effects of oxidation on airway mucosal
cell neutral endopeptidase.

Significant Findings

In this work, we speculated that acute,
ozone-induced hyperreactivity may be related to
airway mucosal cell injury which increases
neuromuscular responsiveness. The biochemical
events upon mucosal oxidant injury which are
responsible for this pathophysiology are not well
understood at present. Consequently, we
investigated the effects of ozone exposure (3.0 ppm,
2h) on airway neutral endopeptidase (NEP) activity
and bronchial reactivity to substance P in guinea
pigs. Reactivity after ozone or air exposure was
determined by measuring specific airway resistance
in intact, unanesthetized, spontaneously breathing
animals in response to increasing doses of
intravenous substance P boluses. NEP activity was
measured in tracheal homogenates made from each
animal of other groups exposed to either ozone or
room air. Using reverse phase high pressure liquid
chromatography, this activity was characterized by
the generation of phosphoramidon inhibitable
product cleaved from succinyl-(ala)3-p-nitroaniline
in the presence of 100 uM amastatin. We found
that phosphoramidon significantly increased
substance P reactivity in the air-exposed animals,
but it had no effect in the ozone-exposed group.
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This finding was associated with a significant
reduction in NEP activity in ozone-exposed animals
compared to the controls. In addition, those
animals exposed to ozone showed airway muscle
hyperresponsiveness in vitro. The smooth muscle of
mucosa-intact airways from guinea pigs with
ozone-induced bronchial hyperreacitvity was
hyperresponsive in vitro to substance P and ACh,
but not to KCl. Our data suggest that smooth
muscle responsiveness is increased in guinea pigs
with ozone-induced bronchial hyperreactivity, and
that this hyperresponsiveness is linked to more than
one noncyclooxygenase, mucosa-derived factor.

Both hypochlorous acid (HOCI) and hydrogen
peroxide (H,0,) may be generated during oxidant
airway injury. Consequently, we have investigated
whether exposure of the airway mucosa in vitro to
either of these agents caused an augmentation in
airway muscle (ASM) responsiveness. We
investigated whether exposure of guinea pig tracheal
tissue to hypochlorous acid (HOCI) or hydrogen
peroxide (H,0,) by perfusion through the airway
lumen affected the responsiveness of airway muscle
to ACh, KCl, or substance P in the presence or
absence of 1 uM phosphoramidon, an inhibitor of
neutral endopeptidase (NEP). We found that
smooth muscle of mucosa-intact guinea pig airways
perfused with HOCL, but not H,0, was
hyperresponsive to substance P, but not to ACh or
KCl. Our results suggest that the smooth muscle
hyperresponsiveness to substance P caused by
airway perfusion with HOCI is produced by HOCI
inactivation of mucosal NEP.

Airway mucosal cells may be a rich source of
metalloendopeptidase. A variety of bronchoactive
peptides are catabolized by neutral endopeptidase
(NEP), an ectoenzyme expressed by respiratory
mucosal cells. To pursue possible subcellular
mechanisms for the influence of HOCI on airway
mucosal cells, we assessed effects of HOCI exposure
on NEP activity expressed by a human bronchial
epithelial cell line (HBEC). We concluded that
HOCI exposure decreases activity of HBEC plasma
membrane NEP, but not of the cytosolic
component. This loss appears to occur by oxidative
inactivation of cell membrane NEP from which cells
can be protected by reducing agent pretreatment.

Because of its potential pathophysiological
importance, we have also examined whether the
lysosomal hydrolase NAGA was elaborated in the
airways of animals with ozone-induced
hyperreactivity. We concluded that ozone-induced
airway hyperreactivity in the guinea pig is associated
with the presence of increased NAGA in
bronchoalveolar -fluid. Our data suggest that
bronchoalveolar cells may be responsible for

secrction of this enzyme into the airways after
0Zone exposure.
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Importance to Occupational Safety and Health

The characterization of the risk upon exposure
to an inhaled agent is based on the dose-response
relationship between the agent and the respiratory
tract. The evaluation of the dose-response
relationship follows from the evaluation of the
exposure-dose relationship. This association is
relatively unknown because of the inaccessibility of
the respiratory tract to measurement.

Objectives

The exposure-dose relationship during
respiratory exposures was evaluated by a
deterministic mathematical model of the mass
transport process of respiratory gas absorption. The
model includes physico-chemical properties of gases,
such that the model is applicable to any gas/vapor
for which these properties are known. In addition,
the variability in regional dose as a function of
physiologic and morphometric parameters was
evaluated both from a theoretical viewpoint and
empirical analysis.

Methodology

To assess target tissue dose, we developed a
mathematical model, based on the principles of
mass transport, to predict the mass flux and
airstream concentrations of soluble pollutant
gases/vapors as a function of distance into the
respiratory system. The mathematical model is a
generalized model capable of predicting respiratory
absorption of gases/vapors of differing
physico-chemical properties which may be applied
to all animal species. Thus, species extrapolation of
the exposure-dose relationship may be performed
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utilizing this model. Because upper airway
morphometry and airphase scrubbing efficiency (the
convective mass transport coefficient) are two
parameters of the gas absorption process, we are
developing a method to use either MRI Scans or
CT Scans, in conjunction with an image analyzer to
evaluate upper airway morphometry and the
variability of airway morphometry within a subject
population for use in the mathematical model. Also
under development is a method to evaluate
convective mass transport coefficients using
fluorescence spectroscopy. The coefficients are to
be evaluated from the rate of naphthalene
sublimation from the surface of a physical model of
the upper airways to be constructed from the scans.

Significant Findings

Prior to this study, nasal morphometry has been
characterized by perimeter and cross-sectional area.
We have developed a new technique to evaluate
nasal morphometry in living humans as measured
from computed tomography scans (CT). The
technique considers the nasal cavity as consisting of
a possible three pathways. The pathways, in
cross-section, are the regions surrounding each
turbinate. The equivalent geometry of this region is
either an annulus or a rectangular duct. These
studies have provided parameters to compare upper
airway geometry by determining the pathway width
and area as measures of size, and the
height-to-width ratio as a measure of shape. Based
on measurements taken from a single cadaver
included in this study, the pathway width of the
cadaver inferior region (x=4.05+.21 mm, n=6) was
significantly greater than those of living subjects
(x=2.88+.76 mm, n=24). These differences suggest
postmortem shrinkage or distortion of the turbinate.
In further evaluation of airway resistance (beyond
the ostium internum) based on these measurements,
it was predicted that a maximum of 70% of the flow
would move through the inferior region of living
subjects, while in the cadaver the flow would peak
at 90%, which may have implications for mass
transport studies performed in cadaver casted
models. We are continuing to develop the
technique to include evaluation of the
three-dimensional image reconstruction of the CT
scans, The technique will be used to evaluate
morphometric variability in a subgroup of the
population. In addition, we have compared the use
of CT scans and MRI scans in evaluating airway
morphometry. We have scanned a phantom, a
living subject, and cadaver using both of these
modalities. The major difference using these two
modalities was in the three dimensional

reconstruction in which the MRI scans provided less
detail.

The dependence of the fraction of the gas
penetrating the upper airway, f,, on the route of
breathing was evaluated using the mathematical
model. The influence of the route of breathing and
cavity dimensions on f, was dependent on gas
solubility. In the case of the moderately soluble gas,
SO,, nasal cavity dimensions over the range found
in the morphometric analysis altered f, at a resting
ventilation rate (9.6 1/min) from 0.35 at the smallest
dimensions to 0.05 at the largest, most likely due to
the increase in residence time and surface area. At
the same ventilation rate, the oral cavity was
predicted to be the least efficient scrubber reaching
0.55 at the largest dimensions. The f, of ozone, a
less soluble gas, was most sensitive to the
pseudo-first order reaction rate constant. In
comparing nasal to oral breathing, the difference at
a ventilation rate of 6 1/min was not very large
(<0.1) and is nearly zero at 30 1/min and small
reaction rate constants (k, = 1,500 or 5,000). The
model also predicted that oronasal breathing was
more efficient in scrubbing the inspired air than
either nasal or oral breathing alone.

A fluorescence spectroscopy technique has also
been developed to evaluate the convective mass
transport coefficients within the upper airway. We
have found the technique to determine the
cocfficients in a straight tube to be <30% of those
predicted by theory. The difference between theory
and measurements are typically within 25%. To be
assured of precise measurements, we have been
refining the method to establish the relationship
between the photomultiplier voltage output and
naphthalene concentration. Once the system is
calibrated, we will perform measures of the
cocfficients in human nasal cavity models. To do
so, we are developing a method to transfer the 3-D
image reconstruction of the CT scans of living
subjects to a CAD-CAMM system. This work will
represent the first generation of a model based on
the upper airway morphometry in vivo.
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Importance to Occupational Safety and Health

Reactive small molecular weight chemicals are
recognized as important causes of occupational
asthma and reactive airways disease. Occupational
asthma has been associated with exposure to various
types of chemical diisocyanates including toluene
diisocyanate (TDI), diphenylmethane diisocyanate
(MDI), and hexamethylene diisocyanate (HDI). It
has been estimated that occupational asthma occurs
in 5% of diisocyanate-exposed workers. The clinical
presentations of diisocyanate asthma resemble other
forms of immunologic asthma. However, specific
IgE responses to relevant diisocyanate-human serum
albumin (HSA) antigens have been identified in
only 10% of symptomatic workers. As a result,
other non-immunologic mechanisms have been
postulated. A prior study showed that most workers
with TDI asthma exhibited in vitro cellular
responses after stimulation with specific TDI-HSA
antigens, suggesting that cellular immunity may play
a significant pathogenic role.  Thus, it was
postulated that specific in vivo cellular immune
responses to diisocyanates in sensitized workers
could result in production of cytokine mediators
that could activate responder cell populations, (i.e.,
basophils, mast cells) to release bioactive mediators
(i.e., histamine). Refinement of in vivo laboratory
methods that measure cellular responses to specific
occupational antigens could allow development of
assays which could identify symptomatic workers or
workers at potential risk for development of
occupational immunologic disease. These results
would possibly be more sensitive than currently
available in vitro methods that measure specific IgG
and IgE responses to these chemical antigens.

Objectives

The first objective of this proposal was to define
whether specific cell-mediated immune responses
could be detected in workers with occupational
asthma. This question was to be studied in workers
identified with occupational asthma resulting from
exposure and sensitization to MDIL.

The second objective of this study was to
determine whether lymphocyte populations obtained
from workers with occupational asthma produce
histamine releasing factors (HRF) after specific in
vitro stimulation with diisocyanate-HSA antigens.
The overall hypothesis of this study is that cellular
immunity may play a central role in the elicitation
of occupational immunologic disease and that in
vitro detection of such responses could serve as
useful and sensitive markers of occupational
immunologic lung disease.

Methodology

The population proposed to be studied
comprised 20 workers with exposure to MDI, of
which 10 had been diagnosed with occupational
asthma and 10 had been asymptomatic with no
respiratory complaints. Relevant test antigens were
prepared by coupling MDI, HD], and TDI to HSA
followed by complete chemical characterization of
resultant conjugates. The MDI-exposed population
was evaluated by intracutaneous and epicutaneous
testing to MDI-HSA, TDI-HSA, and HDI-HSA. To
detect specific humoral immune responses, serum
samples were assayed with specific IgG (ELISA)
and specific IgE (RAST) to MDI-HSA. A panel of
in vitro cellular assays was performed in study
subjects which included: (1) direct leukocyte
inhibitory factor (LIF) assay in response to HSA
conjugates of TDI, MDI, and HDI; and (2) an assay
for histamine releasing factor (HRF) derived from
supernatants of 18-hour lymphocyte cell cultures
after stimulation with relevant occupational
antigens.

Significant Findings

During the first two years of this project, 11
diisocyanate workers have been recruited for the
study. The latter individuals presented with prior
histories of wheezing and dyspnea temporally
related to MDI exposure. Challenge tests to MDI
were able to be performed in 8 subjects, of which 5
were found to be positive. Of 11 workers studied,
significant histamine releasing factor activity in
response to diisocyanate HSA conjugates was noted
in 4 workers. In all 4 workers who exhibited
significant HRF activity, cross sensitivity to other
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diisocyanate-HSA antigens was demonstrated. It
was noteworthy that 3 of 4 subjects exhibiting
significant HRF activity had positive specific
provocation tests to diisocyanates. A leukocyte
inhibitory factor assay was performed in all 11
workers who reported symptoms. Five workers
exhibited significant inhibitory responses in response
to diisocyanate HSA antigens. Among 6 subjects in
whom results were evaluable for the both LIF and
HRF assays, 3 exhibited concordance (positive
responses to both assays) and 3 had discordant
results. In vivo skin testing performed with HSA
conjugates of TDI, MDI, and HDI were negative in
all subjects. Serum specific IgE to MDI, TDI, and
HDI-HSA was not detected. Elevations in specific
IgG to diisocyanate HSA by the ELISA assay was
detected in only 3 of 11 subjects, and there was no
apparent relationship between specific antibody
responses and positive responses to diisocyanate
antigens in LIF and HRF assays.

Thus, the data indicate that histamine releasing
factor (HRF) activity in response to specific
antigens could be identified in 3 of 4 individuals
with positive challenge tests. Further studies of this
nature are planned in the final year of this grant to
investigate HRF, LIF, and specific humoral
responses in 10 asymptomatic-exposed MDI
workers.

Effects of Zinc Oxide Welding Fume
Inhalation
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San Francisco, California 94143-0924
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Importance to Occupational Safety and Health

Physicians have long been aware of a self-
limited syndrome of systemic illness associated with
zinc oxide (ZnO,) fume inhalation. This syndrome
consists of a constellation of signs and symptoms
suggesting a flu-like illness: malaise, myalgia, and
fevers in the range of 38 to 39 degrees. This

syndrome is marked by an abrupt onset after a

-latency of 6 - 24 hours following the inhalation of

ZnO, particles in the respirable range
(< 5 microns), typically ZnO, fume freshly
generated through welding galvanized metals or
melting brass. This zinc-associated flu-like illness
continues for 24 to 48 hours and then spontaneously
remits. The syndrome has received many acronyms
from both medical practitioners and the lay public
most familiar with the illness, particularly from
welders and brass founders. These names include:
metal fume fever (MFF), brass chills, spelter shakes,
and zinc ague. In 1975, NIOSH estimated that
50,000 workers were potentially exposed to ZnO,,
including fume (such as in welding and foundry
operations) and non-fume (such as in pigments).

The mechanisms underlying zinc-induced MFF
are unknown, Various researchers have
hypothesized that zinc may cause cytotoxic protein
release, induce immunologic phenomena, or directly
catalyze enzymatic reactions. The hypothesis of this
study is novel, proposing that the effects of ZnO,
fume inhalation are mediated by cytokines.
Bronchoalveolar lavage (BAL) analysis of humans
exposed to zinc fume will provide the data critical to
identifying the mechanism of ZnO, inhalation
effects on the cellular and biochemical level. This
study will delineate the dose-response relationship
between ZnO, exposure and human health effects to
a much more precise degree than currently known,
providing data crucial to evaluating currently
promulgated safety standards as well as assessing
the health effects of real world conditions where
higher exposures are frequent. This study addresses
MFF, an occupational illness that is a significant
cause of morbidity in its own right. Yet ZnO, MFF
is only one of a variety of exposure related systemic
febrile syndromes.  This study will develop
approaches that can later be applied generally to
these occupational conditions.

Objectives

Inhalation of ZnO, fume causes a syndrome
consisting of fever, malaise, and leukocytosis known
as "Metal Fume Fever" (MFF). The purpose of this
study is to delineate the mechanism of this
syndrome. Study hypotheses are: (1) MFF is a
systemic response to ZnQO, fume inhalation that
results from the synthesis and release of cytokines
acting as chemotactic factors and as endogenous
pyrogens. One manifestation of the ZnO, mediated
release of cytokines is a local inflammatory response
in the lung. (2) The pulmonary macrophage, which
may act in concert with other cells resident in the
lung, is pivotal in response to ZnO, fume inhalation.
Elucidating the mechanism of ZnO,’s effect will
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address a group of illnesses representing an
important clinical problem in occupational medicine.
Furthermore, ZnQ, inhalation provides a useful
model in which to study general mechanisms of
cellular responses to inhaled toxins in the human
lung together with their pulmonary function and
systemic manifestations. Better understanding of
these mechanisms may also provide the basis for
therapeutic interventions aimed at preventing or
ameliorating the effects of inhaled toxins.

Specific study aims are: (1) To investigate
whether inhalation of ZnO, fume is associated with
a dose-dependent inflammatory response in the lung
by measuring total and differential cell counts in the
bronchoalveolar lavage (BAL). (2) To investigate
possible functional changes associated with MFF
pulmonary inflammation by assessing lung flows,
volumes, diffusing capacity for carbon monoxide
(DLco), airway resistance, and airway
responsiveness. (3) To investigate whether there is
a ZnO, fume dose-dependent presence of cytokines
in the bronchoalveolar lavage (BAL) associated with
the inflammatory pulmonary response and the
systemic symptoms of MFF. (4) To investigate if
there is a ZnO, dose-dependent synthesis and
release of cytokines in vitro by purified human
pulmonary macrophages in cell culture. These
studies are intended to examine the hypothesis that
ZnO, inhalation, pulmonary macrophage activation,
cytokine-mediated inflammation, and the pulmonary
and systemic manifestations of MFF are linked.

Methodology

We study subjects who perform electric welding
on galvanized materials. Exposures are carried out
within a specially designed environmental chamber.
This chamber allows controlled ventilation and air
turnover. The goal of these exposures is to simulate
real-world conditions routinely encountered by most
welders when they weld galvanized material.
Personal breathing zone air sampling data provides
an assessment of the level of exposure experienced.
Because we wish to better understand the
mechanisms of ZnQ,’s pulmonary effects, we
measure pulmonary function and airway
responsiveness to methacholine at baseline and
again 1 hour and either 6 or 20 hours following
exposure. In order to study ZnO, effects on the
cellular level, we also carry out bronchoscopy with
bronchoalveolar lavage (BAL) at either 8 or 22
hours post-exposure, analyzing cell numbers and
types, and measuring by immunodetection the
cytokines IL-1 and TNF. We also monitor body
temperature and the peripheral cellular response
and serum znc levels so that we may correlate
these with the pulmonary effects we observe.

Significant Findings

Although the project is in its early phases, we
have carried out exposures to ZnO, welding fume in
11 pilot study subjects. These pilot data
demonstrate a dose-dependent pulmonary
mﬂammatory response to Zn0O, inhalation mvolvmg
increases in PMNs, macrophages, and certain
lymphocyte sub-types. The effect of ZnO, fume
inhalation on these outcome measures is dramatic
with a very high correlation between exposure and
effect.  This relationship provides powerful
experimental evidence of a pulmonary inflammatory
response. The inflammatory changes observed did
not correspond to a marked functional change in
pulmonary function as assessed by airflow,
resistance, airway reactivity, or DLco. Thls
apparent divergence between inflammation assessed
by BAL and pulmonary function testing is intriguing
and remains to be explored more fully with more
data points over a wider range of exposures,
including additional subjects followed at 6-8 hours
post-exposure. There is an indication that the BAL
response differs significantly at 8 as compared to 22
hours post-exposure. Despite the apparent linearity
of the inflammatory dose-response, clinically
manifest MFF exhibited a possible "threshold." This
is consistent with the hypothesis that MFF may be
mediated by cytokines, one effect of which is the
degree and cellular characteristics of the pulmonary
inflammatory response associated with ZnO,
inhalation. Further analys1s, including the proposed
cytokine analysis and in vitro study components, will
provide important additional experimental data.

Asbestos-Induced Pleural Fibrosis
and Lung Restriction

David A. Schwartz, M.D., M.P.H.
University of Iowa
The Pulmonary Disease Division
Department of Internal Medicine
Room C33, GH
Iowa City, Iowa 52242

Program Area: Occupational Lung Diseases
Grant Number: 1 K01 OH00093-01

Start & End Dates: 07/01/90 - 06/30/93
Funding Level: $40,838 (340,838 Cum)
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Importance to Occupational Safety and Health

The overall goals of this project are to improve
and advance the current criteria established by the
International Labor Organization (ILO) to evaluate
chest wall abnormalities and to understand-the
determinants of restrictive lung function in
asbestos-induced pleural fibrosis. Together,
circumscribed pleural plaques and diffuse pleural
thickening, are the most frequent radiographic
abnormality among asbestos-exposed workers. The
radiographic criteria established by the ILO to
define and classify circumscribed pleural plaques
and diffuse pleural thickening have not been
adequately evaluated. Moreover, the association
between pleural fibrosis and restrictive lung function
was not considered when establishing these
radiographic criteria. Although several groups have
established a relationship between restrictive lung
function and both circumscribed pleural plaques and
diffuse . pleural thickening the determinants
accounting for this association have not been
adequately addressed. Our preliminary studies
indicate that restrictive lung function among those
with asbestos-induced pleural fibrosis is, in part,
caused by subradiographic inflammation and fibrosis
of the lung parenchyma. These findings lead us to
hypothesize that more sensitive indicators of
parenchymal injury will allow us to fully understand
the determinants of restrictive lung function in
persons with asbestos-induced pleural fibrosis. The
hypotheses put forth in this proposal are designed
to investigate the accuracy of the diagnostic criteria
established by the ILO, evaluate the anatomic and
functional validity of these criteria, and identify the
determinants of restrictive lung function among
individuals with asbestos-induced pleural plaques
and diffuse pleural thickening.

Objectives

1. Evaluate the anatomic and functional validity of
the criteria established by the ILO identify and
classify pleural fibrosis and, using these
findings, develop an improved classification
system for pleural abnormalities.

2. Use sensitive physiologic, radiographic, and
biologic measures to control for the presence of
parenchymal fibrosis while investigating the
relationship between asbestos-induced pleural
fibrosis and restrictive lung function.

Methodolbgy
We will use a nested case-control study design

with 120 subjects randomly selected from a large
cohort (N-1,211) of sheet metal workers who have

recently undergone a screening medical evaluation.
Using chest x-rays, chest CT scans, and physiologic
measures of lung function, we will evaluate the
reliability and validity (anatomic and functional) of
the current ILO criteria for pleural fibrosis. We
will also use sensitive physiologic (progressive
exercise ergometry and lung and chest wall
compliance), radiographic (high resolution CT
scans), and biologic (bronchealveolar lavage
cellularity) measures to control for the presence of
parenchymal fibrosis while investigating the
relationship between asbestos-induced pleural
fibrosis and restrictive lung function.

Significant Findings

To further define the relationship between
asbestos-induced pleural fibrosis and restrictive lung
function, we investigated the pleural determinants of
respiratory symptoms and restrictive physiology in
1,211 sheet metal workers. We specifically
evaluated the relationship between components of
pleural fibrosis (costophrenic angle involvement,
diaphragmatic plaques, width and length of pleural
fibrosis, pleural calcifications, and type of pleural
fibrosis - circumscribed pleural plaque or diffuse
pleural thickening) and both forced vital capacity
(FVC) and respiratory symptoms. After controlling
for the appropriate confounding variables, we found
that costophrenic angle involvement (p=.004), the
width (p=.037) and length (p=.0001) of pleural
fibrosis, and the presence of either circumscribed
plaques (p=.0006) or diffuse pleural thickening
(p=.0003) were each significantly associated with a
lower FVC. No significant relationship was
observed between FVC and either diaphragmatic
plaques or pleural calcifications. However, since the
pleural abnormalities are highly colinear, none of
these abnormalities alone or in combination
predicted the decline in FVC better than
circumscribed plaques or diffuse pleural thickening.
Next, we investigated the relationship of each
component of pleural fibrosis with three respiratory
symptoms: cough, dyspnea, and chest pain. After
controlling for appropriate confounders, a
marginally significant relationship was observed
between increased width and length of pleural
fibrosis and dypsnea. Otherwise, these pleural
abnormalities were not consistently related to any of
the three respiratory symptoms. Our results
indicate that although pleural plaques and diffuse
pleural thickening and their components are
independently associated with a lower FVC, these
components of pleural fibrosis do not substantially
improve the previously defined relationship between
FVC and either circumscribed pleural plaques or
diffuse pleural thickening.
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Thus far, we have performed exercise
ergometry on approximately twenty patients with
asbestos-induced lung disease. In addition, we have
worked out the methodology to perform lung
compliance measures on these study subjects and
will soon perform this measurement as part of our
testing protocol.

Publications
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Asbestos-induced Pleural Fibrosis and Impaired
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Immune Responsiveness in Chlorine
Exposed Rats
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Tulane University School of Medicine
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Grant Number: 5 R03 OH02425-02

Start & End Dates: 09/29/87 - 09/28/90
Funding Level: $22,500 (345,000 Cum)

Importance to Occupational Safety and Health

Long-term effects on respiratory health of acute
high level exposures to non-sensitizing irritant gases
are not fully understood. Irritant exposures may
induce or exacerbate airway obstruction in some
individuals or may increase susceptibility to inhaled
antigens. Industrial gases, like chlorine, may also
increase sensitivity to environmental antigens;
however, they have not been well studied. Chlorine
is an industrial chemical used in over 50

occupations, including pulp and paper processing
and water sanitation. Over 15,000 individuals have
potential exposure to this agent. High level, acute
exposures may occur during an industrial accident;
and it is important to determine the effects on
respiratory health of this type of exposure. If our
findings indicate substantial risk of enhanced
susceptibility to antigen sensitization, this would
provide guidance in the design of studies or
surveillance programs for exposed working
populations. Inclusion of appropriate tests for
clinical follow-up of exposed individuals would also
be warranted.

Objectives

The objective of this grant is to use a mouse
model to determine whether acute chlorine
exposure enhances sensitization to aerosolized
antigen.

Methodology

Mice are exposed for 1 hour to chlorine gas
(200 parts per million [ppm] or 150 ppm) or to
breathing air. Briefly, whole body exposures take
place in a stainless steel and glass horizontal
laminar flow exposure chamber. Animals are
observed at all times during the exposure period.
As a safety precaution for laboratory personnel, the
chlorine gas generation system is turned off after
the termination of exposures. Air flow in the
chamber is maintained uatil a continuous monitor
indicates that the gas concentration in the chamber
is one-half of the OSHA permissible exposure limit.
A self-contained breathing apparatus is immediately
available for all personnel. '

Immediately, 3 hours, or 1, 7, 30, or 60 days
post-chlorine exposure, mice are exposed, by nose
only, to 1% bovine serum albumin (BSA). Antigen
exposures are performed for 30 minutes for 5
consecutive days. Animals are then rested for 10
days. Test sera and bronchoalveolar lavage fluid
(BALF) are obtained at sacrifice. Sera are obtained
by retroorbital bleeding and BALF is obtained by in
situ lavage of both lungs. For quantitation of
antibodies, BALF is concentrated approximately 15
times by Amicon ultrafiltration. Antigen (BSA)
specific I1gG, IgA, and IgM antibodies are
quantitated in sera and BALF using an enzyme
linked immunosorbent assay (ELISA). This is a
standard assay, except that goat sera has been
substituted for BSA in all appropriate solutions.
Data from test animals are compared with those
obtained from non-chlorine exposed controls.
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Significant Findings

Animals exposed to the highest concentration of
chlorine (200 ppm) and immediately to antigen had
the highest levels of BSA-specific IgG antibodies.
However, mice exposed to antigen more than 3
hours after chlorine exposure did not demonstrate
increased antibody levels. Mice exposed to 150 ppm
chlorine and subsequently exposed to BSA did not
demonstrate increased production of class specific
antibodies. Results suggest that exposure to near
toxic levels of chlorine are associated with enhanced
sensitization to antigen; however, recovery is rapid.
Animals exposed to breathing air (controls) did not
demonstrate production of class specific antigens.

Exposure Estimation and PFT’s for
U.S. Coal Miners

Thomas G. Robins, M.D.
University of Michigan
School of Public Health
Occupational Health Program
Ann Arbor, Michigan 48109-2029

Program Area: Occupational Lung Diseases
Grant Number: 1 R03 OH02627-01

Start & End Dates: 09/30/88 - 09/29/90
Funding Level: $21,349 (321,349 Cum)

Importance to Occupational Safety and Health

In order to conmtrol the incidence of coal
workers’ pneumoconiosis (CWP), exposure to
respirable coal mine dust has been strictly
controlled in the United States since 1970 by the
Coal Mine Health and Safety Act (CMHSA) of
1969. Exposure to coal mine dust is also associated
with the development of chronic obstructive
pulmonary diseases (COPD) including emphysema
and chronic bronchitis. To accurately study the
relationship between exposure to coal dust and the
associated respiratory conditions since the CMHSA
was enacted, accurate estimates of exposure are
required. This study will quantitate exposure to
respirable coal mine dust in a sample of U.S. coal
mines from 1970 to the present. The estimated
exposures will then form the basis for
exposure-response analyses for CWP and COPD
outcomes in a cohort of miners under study by the
NIOSH. These analyses will then provide valuable
information for evaluating the effectiveness of the

CMHSA in preventing occupational lung disease in

"U.S. coal miners.

Objectives

1. To quantitatively estimate the exposure levels of
respirable coal mine dust for a cohort of
underground miners.

2. To assess the relationships of coal mine dust
exposures to various respiratory outcomes using
both cross-sectional and longitudinal designs.

Methodology

Accurate and precise estimates of exposure for
the cohort were developed using compliance data
collected by the Mine Safety and Health
Administration (MSHA). Arithmetic mean
concentrations were estimated within work
categories defined by mine, occupation, and year
and decreasingly-specific categories,
occupation/year, mine /year, and year.

Exposure-response relationships were examined
among 1,270 miners from the National Study of
Coal Workers’ Pneumoconiosis. Cross-sectional and
longitudinal associations between cumulative
exposure and pulmonary function test results (FVC,
FEV,, and FEV,/FVC) and respiratory symptoms
were modeled using linear and logistic regression
while controlling for smoking,

Significant Findings

1. Accurate and precise estimates of exposure for
epidemiologic research may be constructed
using Mine Safety and Health Administration
(MSHA) air sampling data for underground
coal mines.

2. Several biases have been identified in the
MSHA data and some of them have been
quantified. Of most importance is the finding
that operator-collected data has a
dispro?ortionatc number of samples at 0.1
mg/m’ resulting in an estimated -13% bias in
the mean concentrations.

3. Cross-sectional results over a 15-year exposure
period indicated statistically significant positive
associations of cumulative exposure with
decrements in FEV,, FEV, /FVC; the likelihood
of these indices being less than 80% of
predicted; and symptoms, including chronic
bronchitis, breathlessness, and wheeze, with
shortness of breath. The estimated effect of
exposure on FEV, was 5.5 ml per mg/m’-years
which was substantially larger than previously
reported estimates.
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4. Cross-sectional results within five years of the
beginning of exposure demonstrated a rapid
initial exposure-related loss of both FVC and
FEV, on the order of 25 ml per mg/m’-years.

5. Using a longitudinal approach, no
exposure-related change in pulmonary function
was detected over the approximately 13-year
period studied, although pulmonary function as
a percent of predicted did decline.

Publications
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Immuno-Epidemiology of Crab-
Induced Occupational Asthma

Carl M. Shy, M.D., Dr.P.H.
University of North Carolina
CB#7400 School of Public Health
Department of Epidemiology
Chapel Hill, North Carolina 27599-7400

Program Area: Occupational Lung Diseases
Grant Number: 5 R03 OH02654-02

Start & End Dates: 04/01/89 -03/31/91
Funding Level: $21,675 ($43,350 Cum)

Importance to Occupational Safety and Health

This research should be useful in determining
the prevalence of various general health conditions
among women (predominantly black) employed in
the crab processing industry. Specifically, the
population of interest is crab-pickers, women who

break open cooked crabs and extract or "pick” the
edible meat. All of these employees are exposed to
blue crab (Callinectes sapidus) tissues and fluids
(potential allergens) and engage in highly repetitive
motions. Therefore, the major focus of the study
will be on allergy-related disease, ranging from
allergic contact dermatitis to asthma, and a
secondary emphasis will be on musculoskeletal
problems, particularly relating to the hands. By
comparing these conditions with the same among a
sample of former crab pickers, the extent to which
occupational diseases lead to outward migration
from the workforce may be examined. If the
prevalences of allergic and/or musculoskeletal
discases are higher among former workers
compared with current workers, the potential for
preventive interventions would be a reduction in
occupational morbidity, reducing or eliminating the
need to terminate employment for health reasons.
This is especially valuable in areas with high
unemployment.

Objectives

The central research question to be addressed
in this study is whether or not women
occupationally exposed to blue crab develop
occupational allergies and if so, whether they
selectively migrate out of the workforce. The
specific study goals which directly address the
research question include the following:

1. To estimate the prevalence of occupational
allergic diseases, including asthma, bronchitis,
hay fever, and dermatitis, as well as prevalence
of hypersensitivity (IgE response) to crab
antigen among women actively employed as
crab pickers in North Carolina;

2. To document an outward worker migration
possibly related to hypersensitivity to crab or to
respiratory symptoms;

3. To describe any differences between current

and former workers in terms of demographic

characteristics, health history, and
hypersensitivity as determined by skin testing;
and

To assess the possible role of musculoskeletal

problems, especially of the hands, in influencing

employment patterns among crab pickers.

>

Methodology

Based on an enumeration of all crab pickers
employed for at least one day between January 1,
1986 and December 31, 1989, samples of active
employees and former employees were invited to
participate in this study. All participants were
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interviewed to determine relevant health history,
and skin tested for allergies, including negative and
positive controls, for common environmental
allergens, as well as three different crab
preparations. Skin tests were applied to the inside
surfaces of both forearms prior to interview, and the
test results recorded 20 minutes later. Data analysis
will determine prevalences of self-reported health
outcomes among current workers, which will be
compared with those among former workers, to
determine the role of adverse health events in
leaving the industry prior to retirement.

Significant Findings

The study is currently in the final stages of
analysis.. Analyses have been completed for
objectives one through three above, and are
underway for the fourth.

Data on 257 participants were included in the
final analysis files, consisting of 204 currently
employed crab pickers and 53 former employees.
Currently employed crab pickers were found to be
significantly older, and as could be expected, had
significantly longer duration of employment than
former employees. However, with respect to height,
weight, education, race, and tobacco use (cigarettes
and smokeless tobacco), the two groups were
virtvally identical. Following is a list of the
important study findings:

1. Former crab pickers were more likely than

~ current crab pickers to have reported an
occupational health problem (OR = 34,
CI = 1.5, 74), changing jobs for a health
reason (OR = 3.0, CI = 1.1, 8.2), and having
quit a job because of a problem with the hands
(OR = 55, CI = 2.6, 11.3), but the two groups
were similar with respect to missing work for a
health reason (OR = 0.9, CI = 0.5, 1.8);

2. Former crab pickers were more likely than
current crab pickers to have reported a variety
of symptoms, including runny nose, sore throat,
sinus problems, fever and chills, headache,
cough, and shortness of breath (OR’s range
from 1.9 to 4.8) but not eye problems, phlegm
or hand dermatitis (the latter two were
associated with being a current employee);

3. Former crab pickers were more likely than
current crab pickers to have reported allergic
symptoms related to pollen and dust (but not to
smoke and detergent, which are not allergens);

4, Based on skin test results using a commercially
prepared antigen, 9.5% of current and 22.0% of
former crab pickers produced a positive skin
test, but the other two crab solutions produced

nearly equivocal results (16.4% vs. 18.0% and
7.0% vs. 10.0%, respectively);

5. The strongest skin test result correlating with
employment status was the response to the
negative control solution, suggesting that as a
group, former employees were more generally
reactive to non-specific stimuli; and

6. Among skin test responses, reactions to
uncooked crab and dust mite preparations were
correlated, suggesting a possible cross-reactivity.

Final results on the musculoskeletal data will be
available within the next few months. Preliminary
screening suggests that upper extremity and
low-back complaints are most common, with
prevalences exceeding 30%.

Publications

Mundt KA: Occupational Asthma and the "Healthy
Worker Effect” Among Women Employed in the
Seafood Processing Industry. American Journal of
Epidemiology 132:761, 1990
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Development of a Model for
Prediction of Optimal Lifting Motion

Mohamed M. Ayoub, Ph.D.
Texas Tech University
Department of Industrial Engineering
P.O. Box 4130
Lubbock, Texas 79401-4130

Program Area: Musculoskeletal Injuries
Grant Number: 5 R0I OH02434-03

Start & End Dates: 01/01/88 -12/31/90
Funding Level: $41,963 ($200,928 Cum)

Importance to Occupational Safety and Health

The cause of health hazards that occur in
manual material handling (MMH) tasks is
overexertion (load stress). A reasonable approach
towards solving problems is to redesign the task or
the workstation to better fit the human body. This
research intends to develop software to simulate
and animate the motion patterns of selected joints
in a MMH task. The prediction of the motion
patterns would be reliable enough to represent most
probable movements of a given human body for a
specific task and workstation under design. Based
on the output of the simulation, the workstation
designer can evaluate design characteristics and
make changes to the manual material handling task
and the modeling geometry as needed. -

Objectives

The intent of this study is to simulate the
angular movement of five human joints based on
the invariant characteristics of manual lifting that
are multidirectional and multiarticular and executed
by large muscle groups generating torques within
maximum capacity. With few exceptions, simulation
of human body motion is a multidisciplinary activity.
It requires combining information from the
biomechanical and psychophysical approaches of
ergonomics with knowledge of behavioral sciences.
This study does not attempt to apply all the varied
knowledge in the general field of human factors.
Rather, it deals with only one set of performance
limitations of manual lifting, those produced by the
understanding of human physical capacities and task
requirements. Therefore, this study characterizes
the angular displacement of each joint associated
with such a performance, including the extent of the
movement simulated.

Methodology

The magnitude of the force of each joint is
predicted for each time increment of the lifting
motion. Model constraints are based on the
limitations imposed by the task, the work place, and
the characteristics of the body. Two major tools
were developed during FY90:

1. Development of Algorithms

New algorithms were developed to construct a
feasible path and work towards optimality with each
iteration. The first method (simulation technique)
proceeds as follows:

a. A Set Generator Function (SGF) is

" selected. This, in turn, generates a set of
motion paths for the five joints of the body.

b. If there is more than one feasible path, the
path with the "best" objective function value
is selected.

In the above technique, the global optimum is
not guaranteed. To remedy this problem, a second
method (gradient technique) was developed:

a. A Generalized Reduced Gradient algorithm

is utilized with the desired objective
. function and a set of physical, kinematic,
and kinetic constraints.

b. The algorithm goes on improving the initial
solution until the change in objective
function value is less than a specified
criteria.

2. An animation package was developed.

In order to better understand the human lifting
pattern, and to compare the model and the subject,
an animation package coded in C was designed.

Significant Findings

Effort has been mainly focused on determining
the right objective function that the body minimizes
during the movement. It was observed after
studying the effect of 8 objective functions that no
single objective function seems to be perfectly
satisfactory. It was also observed that the body
during the course of lift does not necessarily
minimize an objective function, but instead, after
reaching a certain point, the body seems to be
unable to differentiate between the small differences
in the objective function values. Efforts are still
directed to fine tune the model to achieve solutions
closer to those observed.
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Ann H. Myers, Sc.D.
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Grant Number: 5 R0I OH02574-03

Start & End Dates: 09/30/88 - 09/29/91
Funding Level: $213,159 ($595,556 Cum)

Importance to Occupational Safety and Health

Low back injuries account for more absence
from work than any other disease. Municipal
employees are a high risk group. In order to design
interventions to reduce injuries, it is necessary to
identify the risk factors associated with the injuries.
A multi-disciplinary team of researchers is working
with the Baltimore City Office of Occupational
Medicine and Safety, the Deputy Labor
Commissioner, labor union representatives, and
Departmental staff in a casecontrol study of
employees in the four departments in the City of
Baltimore with the highest rates of low back injury:
Public Works, Education, Transportation, and
Recreation and Parks.

Objectives

1. Describe the nature, type, and circumstances of
back injury; ,
2. Determine if work characteristics, work
patterns, hazardous exposures, material
handling practices, and personal and job

stressors differ between cases and matched
controls;

3. Develop specific recommendations to reduce
occupational low back injury based on the above
findings; and

4. Evaluate a new method of collecting data (by
interview) for an ergonomic analysis of job task
among those reporting lifting, lowering, pulling,
pushing and pressing,

Methodology

Data collection for the study began March 1,
1990. Cases are identified by the study coordinator
in the Occupational Medicine Clinic through the
collection of injury reports, clinic slips, and medical
records. The study has collected 153 (116 males
and 37 females) of its necessary 200 cases, and at
the current rate, data collection is on schedule. The
controls are identified through the four
departmental personnel offices, and the names and
telephone numbers of persons with similar job titles,
work locations, and sex are relayed to the study
coordinator.

Information about the cases/controls is provided
to Survey Research Associates (SRA) to conduct
interviews. A sample of site visits is being arranged
with selected cases to reconstruct their activity at
the time of the injury. Permission is obtained prior
to the site visits. The average interview time is 72
minutes, averaging less for controls and more for
cases. The completed and edited interviews, once
returned from SRA, are readied for key punching.
It was decided that the raw ergonomics sections of
the questionnaire would be sent to the consulting
ergonomist for his staff to clean, code, and perform
the data entry. He will do the ergonomic analysis
of selected tasks, using appropriate analytic
techniques. To date he has received 49 complete
sets of cases and their matched controls. We are
beginning preliminary analyses. Ergonomic data
from the questionnaire will be compared with the
site visit data.

Significant Findings

None to date.
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Ergonomic Injury Control in High
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Shihab Asfour, Ph.D.
University of Miami
Industrial Engineering Department
P.O. Box 248294
Coral Gables, Florida 33124-0623

Program Area: Musculoskeletal Injuries
Grant Number: 3 R0I OH02591-02S1
Start & End Dates: 09/30/88 - 11/29/90
Funding Level: $113,781 ($205,856 Cum)

Importance to Occupational Safety and Health

This study is unique in that industrial workers,
rather than student volunteers, were used in a
controlled laboratory setting to establish a
knowledge base of workers’ physiological endurance
limits for high frequency manual lifting tasks. The
results from this study should help health and safety
professionals better understand the relationship
between endurance time, load, and musculoskeletal
injury and improve work performance.

Objectives

The main objective of this research is to
develop a knowledge base of workers’ physiological
endurance limits for high frequency lifting tasks.
Worker lifting endurance will be determined
through a set of predictive models that will be
developed in the principal investigator’s laboratory
at the University of Miami, using a large sample of
male industrial workers. A knowledge-based system
will be developed using the information collected
from the laboratory study. This system can be used
by companies in the design or redesign of
continuous high frequency lifting tasks.

Methodology

The methodology used in this research was a
modified psychophysical approach where the subject
was given control of lifting duration rather than the
amount of load lifted. Human lifting capabilities
were determined by designing and conducting an
experiment in the principal investigator’s laboratory
covering a wide range of loads (5, 10, 15 kg) and
high frequencies (8,12,16 lifts/minute) for two
different age groups. The three heights of lifts
studied were floor to table, table to shoulder, and

shoulder to reach. The two age groups for the
subjects were those between 20 years and 30 years,
and those between 31 years and 40 years of age. To
date, a total of 54 subjects have been tested. The
duration of each experimental session, referred to as
endurance time, was treated as a response variable.

A metabolic monitoring system (MMS) was
used to measure the oxygen consumption and
minute ventilation of the subject while performing
the lifting task. Three surface electrodes, affixed to
the subject’s chest and connected to a cardiac
monitoring system (CMS), were used to record the
heart rate of the subject while performing the task.
The oxygen consumption, minute ventilation, and
heart rate were measured continuously on a
minute-to-minute basis. Due to the exorbitant
volume of data collected, analysis was conducted at
5-minute data intervals.

Endurance time in this study was defined as the
maximum length of time during which an individual
is capable of continuously lifting a given load at a
given frequency for a specific height. The upper
limit for endurance time was set at 8 hours. Each
subject was given 10 minutes of rest for every 50
minutes of work and 1 hour for lunch after the four
hours of work. The ratings of perceived exertion
(leg, back, arm, shoulder, hand, overall body, and
local) was recorded after every 50 minutes of work
and upon termination of the experimental session,
The task consisted of lifting a compact box (38 x 38
X 23 cm) using a freestyle lifting technique in an
environmentally  controlled laboratory. A
mechanical device automatically lowers the box after
each lift.

Significant Findings

The studies conducted concentrated on data
collection of endurance time and physiological
responses of subjects for the different treatments.
To date, a total of 486 treatments have been
completed. This included 9 subjects in each age
group for each height level. Each subject had to
undergo 9 treatments of different load frequency
combinations.

The data collected was analyzed using the
ANOVA procedure in SAS. For floor to table
height, age was found to have a significant effect on
endurance time and heart rate while it did not affect
minute ventilation and oxygen consumption
significantly. Load and frequency of lift were found
to have a significant effect on endurance time, heart
rate, minute ventilation, and oxygen consumption.
For table to shoulder height and shoulder to reach
height, age had no significant effect on endurance
time, heart rate, minute ventilation, or oxygen
consumption. However, the load lifted had
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significant effects on all the above variables for both
table to shoulder and shoulder to reach heights.
Lifting frequency had a significant effect on
endurance time, heart rate, minute ventilation, and
oxygen consumption for table to shoulder height,
while for shoulder to reach height, it affected only
endurance time and heart rate significantly. ;
For floor to table height and age group 1 (20

years to 30 years), the mean endurance time was |

4733 minutes for the lowest load frequency
combination (11 Ibs/8 times per minute) and 172.1
minutes for the highest load frequency combination
(33 1bs/16 times per minute). For age group 2 (31
years to 40 years), the above values were 415
minutes and 125.1 nminutes respectively.

For table to shoulder height and age group 1
(20 years to 30 years), the mean endurance time
was 439.8 minutes for the lowest load frequency
combination (11 lbs/8 times per minute) and 204.6
minutes for the highest load frequency combination
(33 Ibs/16 times per minute). For age group 2 (31
years to 40 years), the above values were 459.4
minutes and 166.9 minutes respectively.

For shoulder to reach height and age group 1
(20 years to 30 years), the mean endurance time
was 446.2 minutes for the lowest load frequency
combination (11 lbs/8 times per minute) and 77.6
minutes for the highest load frequency combination
(33 Ibs/16 times per minute). For age group 2 (31
years to 40 years), the above values were 458.8
minutes and 56.9 minutes, respectively.

Publications

Jomoah IM, Asfour SS, Genaidy AM: Physiological
Models and Guidelines for Design of High
Frequency Arm Lifting Tasks. Advances in
Industrial Ergonomics and Safety II,
(eds. W Karwowski, J Yates), Taylor & Francis,
London, 1991

Asfour SS, Genaidy AM, Fahmy MW, Younis A,
Waly SM: Endurance and Physiological Responses
for High Frequency Lifting Tasks: A Preliminary
Report. Advances in Industrial Ergonomics and
Safety II, (ed. B Das), Taylor & Francis, London,
1990

Quantitative Measures of Wrist
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Program Area: Musculoskeletal Injuries
Grant Number: 5 R0I OH02621-02
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Funding Level: $35,968 (369,216 Cum)

Importance to Occupational Safety and Health

Cumulative trauma disorders (CTDs), also
known as repetitive trauma disorders, are disorders
of the soft tissues (most commonly the tendons,
muscles, and nerves) due to repeated exertions and
excessive movements of the body. Workers in
industrial tasks who have to move their hands and
wrists repeatedly and /or forcefully are susceptible to
CTDs. Some specific CTDs of the hand and wrist
are carpal tunnel syndrome (CTS), tenosynovitis,
and De Quervain’s disease.

The overall incidence of CTDs in industry is
unknown, but epidemiological data reveal that
CTDs are a rapidly growing problem. Overall,
CTDs are the second most frequent category of
occupational illness after skin disease. Recent
statistics from the Department of Labor indicate
that repetitive injuries now account for 48 percent
of occupational illnesses. This has increased from
18 percent just seven years ago. Finally, OSHA has
focussed upon these types of disorders and has
labeled them "the diseases of the 90’s".

Wrist posture and repetition have often been
cited qualitatively as risk factors associated with
CTD’s. However, research has not identified the
degree of wrist bend or amount of repetition that
places the worker at risk. A quantitative assessment
of the wrist positions and motion patterns is needed
to truly understand and control the risk associated
with CTDs. Quantitative measures could serve as
a foundation of a work practices guide that could be
used in industry to redesign repetitive jobs so that
the risk of suffering a CTD is minimized.

Objectives

It is widely accepted that CTDs are related to
the motions of the hand and wrist during work.



Page 42 - Musculoskeletal Injuries

However, a void exists in the literature in that we
do not understand which characteristics of a
repetitive motion relate to increased risk of
suffering a CTD. The objective of this research is
to examine the correlation between kinematics of
wrist motion and the risk of suffering a specific
occupationally related CTD, carpal tunnel
syndrome. Specifically, wrist position, velocity and
acceleration in the flexion/extension, radial/ulnar,
and pronation/supination hand planes of workers
performing highly repetitive jobs in industry will be
correlated with CTD risk. The results of this
correlation analysis will be used to determine which
specific wrist motion characteristics are associated
with an increased incidence of CTS. The data
collected in this research will be used to construct
a preliminary set of work practice guidelines on how
to reduce the incidence of CTS in repetitive
assembly work.

Methodology

This research was implemented in three stages.

1. Development of Quantitative Methods. A wrist

monitor developed in the Biodynamics
Laboratory at The Ohio State University was
used to record the positions, velocities, and
accelerations of the wrists in all possible planes
of motion. This monitor has been found to be
quite accurate, is easy to fit to subjects, and
does not require individual calibration.

2. Industrial Documentation of Wrist Motions.
The wrist monitors were placed upon the hands
of industrial workers who performed highly
repetitive jobs. Jobs were selected for
documentation where the risk of a CTS was
either high or low. High risk jobs were
identified where the risk of injury was at least
8 incidences per 200,000 hours of exposure.
Low risk jobs were defined as those where the
risk of injury was less than 3 incidences per
200,000 hours of exposure. The incidence was
determined via the OSHA 200 log data and
medical records. Forty subjects were examined
in this study (20 high risk and 20 low risk).

3. Analysis and Interpretation. The wrist motion
kinematic variables were evaluated for the
significance of difference between the groups as
well as for the level of correlation within the
CTD risk group.

Significant Findings

This study has shown that there was no
statistically significant relationship (in any plane of
the wrist or forearm) between the mean wrist

position, maximum wrist position, or minimal wrist
position observed while working in a repetitive job
and the risk of suffering a CTS injury. However, in
each wrist or forearm plane, range of wrist motion,
mean wrist angular velocity, maximum angular wrist
velocity, minimum angular wrist velocity, mean
angular wrist acceleration, maximum angular wrist
acceleration, and minimum angular  wrist
acceleration, were all positively and significantly
associated with an increased risk of suffering a CTS.
Furthermore, the greater the.derivative of position,
the more apparent the difference between the high
and low risk group motion characteristics. In other
words, acceleration was a better indication of risk
than was range of motion. These findings are
helping us to understand the manner in which
motion increases the loading on biomechanical
structures.

Publications

Schoenmarklin RW, Marras WS: A Dynamic
Biomechanical Model of the Wrist Joint. Proc of
the Human Factors Society 34th Annual Meeting,
Orlando FL, October 8-12, pp 805-809, 1990

Schoenmarklin RW, Marras WS: An Investigation
into the Effects of Angled Hammers and
Hammering Orientation. Part I: Wrist Motion and
Hammering Performance. Human Factors
31(4):397-411, 1989

Schoenmarklin RW, Marras WS: An Investigation
into the Effects of Angled Hammers and
Hammering Orientation. Part II: Muscle Fatigue
and Subjective Impressions. Human Factors
31(4):413-420, 1989
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Importance to Occupational Safety and Health

This work will study in vivo, the effects of
common loading environments on the mechanical
response of the seated human. The eventual goal of
this work is to evaluate and control the occupational
health hazard of low back pain, a musculoskeletal
injury, by establishing an "envelope" of loading
conditions which should not be exceeded if the
spine is not to experience minimal mechanical
damage. Proceeding from prior in vitro findings of
short-column buckling in the lumbar spine following
vibration exposure, this proposal will evaluate how
the supporting trunk musculature responds to an
unexpected load application after a one-hour load
intervention (seated vertical vibration, seated lateral
vibration, seated combined vibration, sitting still or
lying supine). This will simulate the sudden and
unexpected shift of an object in the hands of the car
or truck driver who has driven for one hour.
Normal walking (as a break) for ten minutes, prior
to an unexpected load application, will also be
tested to determine if it would be a reasonable
control. This would allow lumbar discs to return,
via creep behavior, to the upright posture
orientation where the facets are more firmly
engaged.

Objectives

The following hypotheses will be tested using a
repeated measures analysis of variance technique:

1. There are significant differences in trunk
muscle activity during unexpected load
application between:

(a) subjects with "lumbar instability" and
normal controls and

(b) subjects with different load exposure
histories (seated vibration, sitting still, or lying
supine).

2. There are significant differences in main and
coupled mechanical driving point impedance
characteristics during brief vibration exposures
for mechanical response evaluation between:
(a) subjects with "lumbar instability" and
normal controls and
(b) subjects with different load exposure
histories (seated vibration, sitting still, or lying
supine).

3. A walking break for 10 minutes "resets" the
system.

By using these hypotheses, it will be possible to
differentiate the effects of static and vibration
loading and sitting and reclining postures on the
trunk’s neuromuscular control system. The overall

goal is to establish the mechanical effect of load
history on the lower back and to determine whether
load history increases the likelihood of significant
mechanical derangement following a sudden
mechanical overload. This will begin to establish
whether the International Standards Organization
vibration exposure criteria are reasonable limits for
minimizing mechanical changes in the lumbar
region.

Methodology

Trunk muscle activity (via surface
electromyography) and main and coupled
mechanical driving point impedance (via brief
vertical vibration exposures for mechanical response
assessment) of the subjects will be recorded and
used as the outcome measures of the tests.
Sixty subjects will be tested, 30 of whom are
diagnosed with "lumbar instability" and 30 age and
gender matched normal controls.  Outcome
measures will be obtained before and after
sustained exposure to specific loading environments.
Trunk muscle activity will also be monitored during
a sudden, unexpected flexion load applied to the
subject, performed before and after sustained
exposure to the specific loading environments.

Significant Findings

None to date.

Quantitative Assessment of Carpal
Tunnel Syndrome

Fredric E. Gerr, M.D.
Mount Sinai Medical Center
DEOM Box 1057
10 E. 102nd Street
New York, New York 10029

Program Area: Musculoskeletal Injuries
Grant Number: 1 K0! OH00098-01

Start & End Dates: 09/28/90 - 09/27/93
Funding Level: $53,991 ($53,991 Cum)

Importance to Occupational Safety and Health

Carpal tunnel syndrome is a common nerve
entrapment disorder. It is universally accepted that
it is the clinical concomitant of median nerve
entrapment at the carpal canal. At this time,
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increasing evidence indicates that occupational
factors, especially force and repetition, are
etiologically related to its development. Other
factors, such as awkward postures and vibration,
have also been considered possible occupational
etiologies, although the evidence relating these
factors to the disorder is not as clear as for force
and repetition.

Although electrophysiologic evaluation with
nerve conduction testing and electromyography is
considered the gold standard for confirmation of the
diagnosis of carpal tunnel syndrome, it is seldom
performed in epidemiologic studies of the
occupational etiologies of this disorder.
Electrophysiologic evaluations are not well suited to
use in field studies of large populations of workers
because they are noxious to the subject, take
considerable time to perform, require careful
control of testing conditions, utilize expensive
equipment, and require highly trained personnel to
administer. Field studies of carpal tunnel syndrome
have therefore relied on clinical methods alone
(symptoms and/or physical signs) to diagnose the
condition.  Unfortunately, clinical signs and
symptoms alone are not sufficiently specific or
sensitive for use in occupational epidemiology. The
development of a quantitative, objective and valid
test for carpal tunnel syndrome that is nonaversive,
easy to administer, rapid, and does not require
sophisticated equipment would be of value in
research into the occupational etiologies of carpal
tunnel syndrome by allowing better measurement of
the outcome than is currently possible with
symptoms and physical examination alone.

The primary goal of this project is to determine
the sensitivity and specificity of vibrotactile
threshold testing for the detection of carpal tunnel
syndrome. Vibrotactile threshold testing has been
used successfully in studies of other occupationally
induced disorders of the peripheral nerves, including
the hand-arm vibration syndrome and
_organophosphate-induced peripheral neuropathy. If
found sufficiently sensitive and specific in the
current study, it could be used to improve the
accuracy of diagnoses of carpal tunnel syndrome in
other studies.

Objectives

1. To determine the specificity and sensitivity of
vibrotactile threshold testing for the diagnosis
of carpal tunnel syndrome using a combination
of characteristic signs, symptoms, and
electrophysiologic findings as the "gold
standard" for the diagnosis.

2. To compare the change in symptoms reported
in patients after treatment for carpal tunnel

syndrome to changes in both vibrotactile
threshold measurement and electrophysiologic
parameters.

3. To determine the magnitude and variability in
change of vibrotactile threshold parameters over
time by measuring them serially in a group of
asymptomatic subjects free of carpal tunnel
syndrome.

Methodology

To determine the sensitivity and specificity of
vibrotactile threshold testing for the diagnosis of
carpal tunnel syndrome, disease positive and disease
negative groups will be established using
well-defined "gold-standard" methodologies. In this
context, both symptoms, signs, and the results of
electrophysiologic tests will be utilized to establish
disease positive and disease negative groups.
Specifically, three groups will be defined: Group 1
- those with clinical and electrophysiologic evidence
of carpal tunnel syndrome; Group 2 - those with
symptoms suggestive of carpal tunnel syndrome, but
free of electrophysiologic evidence of the disease;
and, Group 3 - those free of both symptoms and
electrophysiologic evidence of disease.  Test
outcomes of 80, 90, and 95% specificity will be
estimated from both Groups 2 and 3. Estimates
from Group 3 will be considered best case
estimates.

To determine the relationship between change
in symptoms following treatment and change in
vibrotactile threshold and electrophysiological
measures, all Group 1 subjects, regardiess of
treatment, will be invited to undergo repeat testing
7 months following entry into the study. The
change in subjective symptomatology will be
compared to changes in vibration threshold and
electrophysiological parameters.

To determine the change in the magnitude and
variability of vibrotactile thresholds in disease-free
subjects, Group 3 subjects will be asked to undergo
symptom review and repeat vibrotactile threshold
testing 7 months after the first evaluation.

Significant Findings

None to date.
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Tasks and Musculature
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University of Florida
Department of Orthopaedics
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Funding Level: $21,750 ($21,750 Cum)

Importance to Occupational Safety and Health

Workers engaged in manual materia! handling
tasks are predisposed to "overexertion type" low
back injuries. The lumbar extensor muscle group is
most often at risk of injury and is considered the
weak link in the worker’s biomechanical system.
The need for a realistic biomechanical model
incorporating three-dimensional motion, optimal
spinal links, and muscle tensions coinciding with the
worker’s strength prompted this research. This
work would allow each model to be individualized
through the worker’s kinematics and strength of the
lumbar extensor and rotator musculature. This
analysis would allow identification of weaknesses in
the worker’s "machinery’ and prompt repair
(strengthening or improved flexibility). In addition,
this model would allow assessment of a worker’s
lifting capacity during a rehabilitation program or
following injury expediting return to work with
defined limitations.

Objectives

The objectives of the proposed project are
defined below:

1. Optimize the spinal links (number of vertebrae
per link and number of links per spinal
column).

2. Kinematic and kinetic analysis of dynamic 3-D
motion (identification of forces and moments at
defined joints).

3. Identification of lumbar extensor strength and
rotator strength for normal uninjured subjects
through MedX testing.

4, Correlation of estimated tension in musculature
via biomechanical model and subject’s capacity
as measured by MedX testing. Using this

correlation, the subject’s hftmg capacity is
predicted.

Methodology

Kinematics and Kinetics. A reflective marker
set (triad) was created which attaches to the
subject’s back allowing the section of the spine
spanning the marker to be tracked as a plane
moving through space. In order to optimize marker
placement on the spine, optimize the number of
vertebrae to be included in one link, and determine
the optimum number of spinal segments, a
validation procedure was performed on a wooden
model with three known link lengths. Movement of
the markers was tracked by a video-based motion
analysis system designed to track human motion.
Link lengths were predicted based on marker
kinematics. The estimated link lengths were then
compared to actual link lengths of the model.
Following vahdatlon, the markers were transferred
to a human spine and analyzed while performing
complex 3-D motion. Optlmal spinal segments were
then identified for motions involved in typical work
tasks.  Refinement of optimization software
continues using a "reverse kinematic analysis." In
addition, equations modeling the dynamics of the
human body during 3-D work task analysis are
underway. Through this analysis, predictions of the
muscle forces as well as forces and moments at
each joint are possible.

Muscle Testing and 2-D Kinematic Analysis. A
pilot study involving 2-D analysis of planar lifting
motion was analyzed using software developed at
the University of Michigan and promoted by Motion
Analysis Corporation. Subjects (n=5) completed an
extensive MedX examination to evaluate maximum
isometric lumbar extensor strength at seven angles
of trunk flexion. These subjects then proceeded to
lift a light box while body kinematics were collected
by the Motion Analysis system. L5S1 joint torques,
compression and shear forces, and erector spinae
tension were then estimated from this model. Due
to the linear relationship between load lifted and
L5S1 torque, the load lifted was incrementally
increased using the kinematic data collected during
the light lift. The load was increased until the L5S1
torque matched that of the maximum isometric
lumbar extensor tension at a corresponding angle of
hip flexion as measured on the MedX machine.
This load was then considered to be an estimate of
the absolute maximum load a subject can safely lift
based on his/her strength.
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Significant Findings

Kinematics and Kinetics. Early attempts to
identify spinal links using optimization techniques
were problematic due to the sensitivity to inherent
kinematic noise and an infinite number of correct
solutions. Limiting variables to make the solution
tractable led to the assumption of 3 rotations at
each marker plus a slider at each link junction.
This led to a new model for consideration - a
"manipulator" model with three cylindrical joints
allowing simulation of 6 degrees of freedom
between each marker triad. Using a reverse
analysis allows calculation of these joint angles and
slider lengths and provides a closed form, unique
solution for link parameters. Preliminary
utilizations of this algorithm has shown it to be
controllable and to yield appropriate quantitative
results from the wooden validation model.
Finalization of the program continues, as well as
application to complex 3-D motions of the spine.

Muscle Testing and Kinematic Analysis.
Preliminary data revealed a correlation between the
maximum isometric erector spinae tension as
measured by the MedX machine (reflective of L5S1
torque) to the L5S1 torque developed when lifting
maximum loads as predicted using 2-D lift task
modeling. Data collection continues to substantiate
these findings.

A Longitudinal Study of
Musculoskeletal Disorders

Laura Punnett, Sc.D.
University of Lowell
Department of Work Environment
One University Avenue
Lowell, Massachusetts 01854-2881

Program Area: Musculoskeletal Injuries
Grant Number: 5 R03 OH02689-02

Start & End Dates: 08/15/89 - 08/14/91
Funding Level: $26,100 ($52,200 Cum)

Importance to Occupational Safety and Health

Musculoskeletal disorders are a widespread
cause of impairment and disability in labor-intensive
occupations. Limited epidemiologic evidence has
linked upper extremity soft tissue disorders
(UESTD:s) such as carpal tunnel syndrome (CTS)
and tendinitis to occupational ergonomic stressors.

The vast majority of the epidemiologic research
conducted on work-related musculoskeletal disease
to date has been cross-sectional. The "healthy
worker survivor effect” is believed to result in an
underestimation of work-related increases in risk.
Also, prospective data on the conditions under
which episodic pain persists or remits is needed for
adequate evaluation of the effect of exposure and
design and interpretation of intervention studies.

With respect to the definition of endpoints,
several of the commonly used UESTD physical
examination maneuvers have been shown to lack
high sensitivity and specificity. Reproducibility
among examiners has not been well studied. Since
few objective diagnostic methods are feasible for
large-scale screening, it will be valuable to
determine whether testing two-point discrimination
ability of the fingertips might be a measure of
sensory nerve function that could be easily used in
the field setting.

Lastly, wage systems in which workers are paid
per unit of production are believed to induce a very
rapid work pace compared with hourly wage
systems. The information in this study on hours
worked and earnings will be used to examine
whether there was a cross-sectional association
between upper extremity pain and work pace
(measured as average hourly output) among
piece-rate workers.

Objectives

Using data from a longitudinal study of workers
occupationally exposed to ergonomic stressors in the
garment industry, the objectives of this study are:

1. To estimate the 24-month cumulative incidence
of upper extremity musculoskeletal disorders
among garment workers previously pain-free, as
a function of exposure to occupational
ergonomic stressors; and to estimate the
long-term and short-term persistence of pain
and physical findings and the complementary
recovery rates, again in relation to ergonomic
exposures, among those workers previously
symptomatic.

To estimate the magnitude of the selection bias

resulting from loss to follow-up, specifically if

workers with pain related to occupational
exposure(s) are more likely to leave
employment than workers not so exposed.

3. To estimate the agreement between two-point
discrimination testing for median nerve
impairment and other symptoms and signs of
carpal tunnel syndrome.

4. To estimate the reproducibility between two
examiners of UESTD findings obtained by

[
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physical examination (including two-point
discrimination).

5. To explore whether there is an association
between upper extremity pain and work pace
under the piece-rate system.

Methodology

In 1981-82, baseline prevalence data were
collected on symptoms and signs of upper extremity
disorders among 207 workers in a women’s garment
manufacturing shop north of Boston. Cases were
defined as persistent pain on standardized
questionnaire, with or without physical findings on
examination. Selected stitching tasks were identified
for detailed ergonomic analysis of work cycle length
and frequency of non-neutral wrist and arm
postures. The cross-sectional findings have been
reported previously.

Follow-up data on the same population are now
being analyzed. At 24 months from baseline, 198
active workers were surveyed for symptoms and
signs of UESTDs, including about 70% of the 188
members of the original study population.
Two-point discrimination testing for median nerve
impairment was added to the survey protocol.
Thirty months after baseline, data on symptoms and
signs were obtained from 46 (90%) of the 51
workers who had been symptomatic at 24 months.
The physical examinations were conducted
separately by two investigators, the second being
blinded with respect to the results of the first,

For those workers studied both in 1981 and
1983, the 24-month cumulative incidence of upper
extremity disorders has been estimated by job and
will also be estimated for quantitative measures of
ergonomic stressors (cycle time and frequency of
postures). Among the workers who reported pain,
the 24-month and 6-month persistence of and
recovery from pain has also been estimated by job
category and will be calculated by exposure level.
The probability of remaining employed over 24
months has beez calculated conditional or the
presence or absence at baseline of UESTD
symptoms or symptoms plus signs, to estimate the
magnitude of the selection bias resulting from loss
to follow-up.

Findings will be compared between the physical
examinations of the two examiners and between the
two-point discrimination test for median nerve
impairment, and other signs of CTS will be
computed. The same statistics will also be
calculated after stratifying on severity of symptoms,
to determine if more severe pain is associated with
reproducibility of any single test or with agreement
among the carpal tunnel test procedures.

Timesheets were also obtained containing data
for all employees on hours worked, wage basis
(hourly or piece-rate), and earnings for one week
when the health data were collected. These data
permit the examination of a possible cross-sectional
relationship between upper extremity pain and work
pace as measured by production. Internal
comparisons have been made within piece-rate jobs
to compare cases and non-cascs on average hourly
output.

Significant Findings

The cross-sectional prevalence estimates in the
second survey were of comparable magnitude to the
estimates previously obtained. The rates of
transition between the states of being pain-free and
having persistent musculoskeletal pain have been
estimated. In the analysis to date, there is little
evidence that garment workers with pain at baseline
were less likely to remain employed two years later
than workers pain-free at baseline. There is also no
evidence of a cross-sectional relationship between
work pace and prevalence of upper extremity pain
among piece rate workers.

Kinematics and Kinetics of the Pull
Phase of Lifting

Mohamed M. Ayoub, Ph.D.
Texas Tech University
Department of Industrial Engineering
P.O. Box 4130
Lubbock, Texas 79409-3061

Program Area: Musculoskeletal Injuries
Grant Number: I R03 OH02763-01

Start & End Dates: 07/01/90 - 06/30/91
Funding Level: $19,100 (319,100 Cum)

Importance to Occupational Safety and Health

The. National Institute for Occupational Safety
and Health Lifting Guide (NIOSH, 1981, p. 40)
states that "dynamic forces imparted by rapid or
jerky motions can multiply the load’s effect greatly,”
and recommends that manual materials handlers lift
the load in a smooth and deliberate manner.
However, it is suspected that the human operator
must lift in a manner which causes peak forces
applied by the hands to the load, resulting from a
jerking motion, to overcome the inertia of the box
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resting on the ground. Therefore, smooth and
controlled lifting may not be a realistic
recommendation. The application of knowledge of
the peak applied forces is useful for a
biomechanical re-evaluation of lifting tasks, and for
the establishment of the point of time in the lift and
associated posture when L5/S1 compression and
shear forces may limit lifting capacity.

Objectives

The first objective of the research is to directly
measure applied forces by the hands to a load from
floor to knuckle height, and compare these to
predictions by biomechanical models such as
DYNALIFT. If necessary, the dynamic model will
be supplemented by a static biomechanical model to
account for forces on the hands during the pull
phase of the lift, namely as the inertia of the load is
picked up. The project’s second objective is to
determine the effects of fast and slow lifting speeds
and percent of Maximum Acceptable Weight of Lift
(MAWL) on the external forces applied by the
hands to the load during the pull phase of lifting
from floor to knuckle height. Blocked factorial
designs will be used to analyze the effects of
absolute weight, %2MAWL, and speed of lift on
peak forces applied by the hands to the load during
the pull phase of lifting from floor to knuckle

height.
Methodology

In order to achieve the objectives of the project,
a container with handles was designed and
fabricated. The handles were instrumented to
measure the vertical and fore-aft forces applied by
the lifter on the container. The forces were
measured using strain gauges mounted on the
handles. This system was calibrated prior to use in
the experiment. For this experiment a design
calling for 5 male subjects was established. Each
subject participated in a task familiarization period
(two days, two hours/day). The experimental
design was a split plot design using subjects as
blocks. The independent variables used were lifting
speeds (two levels), lifting frequency (three levels),
and weight lifted (35%, 60%, and 85% of MAWL).
Dependent variables selected were (a) magnitude of
peak forces applied to the handles in vertical and
horizontal directions, (b) maximum compressive
forces on L5/S1, and (c) maximum shear forces on
L5/S1.

Significant Findings

Preliminary data suggest that significant forces
arc applied to the handles to overcome the inertia
of the load. Therefore, lifting smoothly does not
appear to be a possible option. This means that a
jerky movement is necessary to start the load in
motion. These forces are important, for they
significantly increase the compression and shear
forces on the spine. From the preliminary data
collected, it appears that these forces are
approximately 2.3 times the load for normal lifting
speeds and increase to 3.5 times the load for fast
lifting speeds.

Occupational Epidemiology of Carpal
Tunnel Syndrome

Hal Morgenstern, Ph.D.
UCLA School of Public Health
Department of Epidemiology
10833 Le Conte Avenue
Los Angeles, California 90024-1772

Program Area: Musculoskeletal Injuries
Grant Number: 1 R03 OH02765-01

Start & End Dates: 09/28/90 - 09/27/92
Funding Level: $22,181 ($22,181 Cum)

Importance to Occupational Safety and Health

Cumulative trauma disorders (CTDs) are one of
the most commonly reported occupational health
problems in today’s working environment. The
number of worker compensation claims filed for
these disorders increased tremendously during the
1980s. Carpal tunnel syndrome (CTS) is the most
commonly reported cumulative trauma disorder.
Although CTS has been widely recognized as a
clinical syndrome for many years, there are few
studies that have examined CTS utilizing rigorous
epidemiologic methods. This research will examine
the magnitude of CTS among selected occupational
groups which to date have received little
epidemiologic attention. These occupational groups
are office workers, court reporters, carpenters, and
sprinkler fitters. The information derived from this
research will be useful in assessing the magnitude of
CTS in these occupations and for identifying
occupational risk factors for CTS that might be
incorporated into prevention strategies for the
workplace.
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Objectives

The primary objective of this research is to
provide epidemiologic information regarding the
prevalence of CTS among occupational groups for
which there is a paucity of epidemiologic data. In
addition to examining occupational factors
associated with CTS prevalence, other objectives of
this project are to examine the "healthy worker
effect" with respect to CTS in the selected
occupations, to estimate the effects of other factors
on CTS occurrence such as psychosocial factors,
past medical history, and personal life style factors.
Another objective is to evaluate diagnosis-related
issues of CTS through a comparison of
electrodiagnostic findings, objective clinical signs,
and symptom reporting.

Methodology

The study design for this project involves two
phases: a cross-sectional survey and a nested case--
control study of 100 cases and 100 controls selected
from the cross-sectional survey population. In the
cross-sectional phase, about 4,000 members from
three selected unions, representing office workers,
court reporters, carpenters, and sprinkler fitters, will
receive a self-administered questionnaire. These
members will be randomly selected from union
rosters provided by three Los Angeles area unions:
Service Employees International Union (Local
#660), the Carpenters Union (Local #409), and the
Sprinkler Fitters Union (Local #709).

The data that will be obtained in the
cross-sectional survey questionnaire and the
case-control interview include information on
socio-demographic factors (age, race, sex, education,
marital status), occupational history (current
occupation, job task information, psychosocial
factors of work), medical and physical information
(history of traumatic injury, reproductive history,
selected medical diagnoses and conditions, current
height and weight, and handedness), CTS symptoms
and related factors (pain, numbness, tingling and
weakness in hands and wrist, use of medical care
for symptoms, and symptoms’ impact on work and
leisure activities), other symptoms (pain in other
areas of the body), and behavioral/leisure activities
(smoking history, leisure activities).

In the case-control phase, participants will also
receive electrodiagnostic testing (distal sensory and
motor latencies of the median nerve), clinical exams
(Phalen’s test, Tinel’s test, and measurements of
wrist size and dimensions), and a personal interview.
The case-control interview includes more extensive
questions on CTS symptoms, medical history, and
occupational work task information. Cases are

selected on the basis of their reporting of CTS
symptoms in the cross-sectional survey; controls will
be selected among those who do mnot report
nocturnal pain or symptoms localized in the
distribution area of the median nerve. Controls will
be matched to cases by age, sex, and occupation.

Significant Findings

None to date.

Sudden Loading and Fatigue Effects
on the Human Spine

Daniel R Baker
The University of Utah
Department of Mechanical Engineering
2266 MEB
Salt Lake City, Utah 84112

Program Area: Musculoskeletal Injuries
Grant Number: 1 R03 OH02821-01

Start & End Dates: 09/28/90 - 09/27/91
Funding Level: $14,967 ($14,967 Cum)

Importance to Occupational Safety and Health

This research is examining the effects of
dynamic loading and fatigue on the lower back by
utilizing models of muscle response, body motion,
and disc compression. Knowing the dynamic
musculoskeletal response as a function of a person’s
loading and level of fatigue will enable researchers
and clinicians to better examine and treat some of
the basic causes of low back pain. This, in turn,
may help predict and thereby reduce possible back
problems of workers who are performing dynamic
balance tasks for long periods of time.

Objectives

Torso and torso muscle response to a sudden
(impulsive) load will be determined under rested
and fatigued conditions. It is expected that the
control strategies utilized by the subject will change
or be significantly altered when the fatigue condition
is compared to the rested condition. Further
analyses will indicate how much worse dynamic
loading under fatigued conditions is on the low back
than when it is in a rested state. Finally, torso and
muscle response parameters will be determined
experimentally for each subject.
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Methodology

The Torso Motions Measurement System
(ToMMS) was developed as an in vivo test device
for gathering data according to theoretical torso
models based on the inverted pendulum problem
(how to balance a broomstick held upside-down in
one’s hand so that it does not fall). The subjects
will be constrained such that the only motion they
can perform will be anterior-posterior rotations
about the L5/S1 joint (and some bending along the
spinal column which will be simultaneously
measured). Several impulse loads will be
administered and the motions of the subject tracked
using the TOMMS. The subject will then be taken
through a series of graded exercises which increase
the subject’s muscular fatigue to a predetermined
level, and he/she will be retested.

Significant Findings

None to date.
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Occupational Cancer Surveillance:
New Approaches

G. Marie Swanson, Ph.D., M.P.H,
Michigan State University
Cancer Center
A211 East Fee Hall
East Lansing, Michigan 48824-1316

Program Area: Occupational Cancers
Grant Number: 5 R01 OH02067-07

Start & End Dates: 09/30/88 - 09/29/91
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Importance to Occupational Safety and Health

The Occupational Cancer Incidence
Surveillance Study (OCISS) will contribute to the
reduction of morbidity and mortality due to
occupational risk factors for eleven types of cancer.
It is developing both methodologic and substantive
leads that will be useful for direct prevention
programs as well as for further research. Findings
to date indicate that important new information is
being gained regarding the occupational cancer risks
of blacks and women, in particular.  The
significance of leads regarding occupational cancer
risks among blacks and women cannot be
overemphasized; as to date, more than 95% of
occupational cancer epidemiology has included
white males only. One analytic study (investigating
familial risk of lung cancer among non-smokers
identified by OCISS and utilizing the same
questionnaire to obtain smoking and occupational
histories among family members) has been launched
from OCISS that would not have been feasible
otherwise. Others will follow. Furthermore, OCISS
data have contributed to the methodology of
occupational epidemiology, having demonstrated
that occupational information from death
certificates, when contrasted to that obtained from
OCISS interviews, produces substantial error in the
estimates of occupational risk. The penultimate
objective is to design studies aimed at identifying
specific carcinogens. Ultimately, cancer prevention
programs in the workplace will be developed.

Objectives

, The long-term goal of this study is to develop

and test new hypotheses regarding the occupational
etiology of selected forms of cancer. Both cancer
incidence data, as the disease outcome measures,

and lifetime work histories will be utilized,
complemented by other essential risk factor data
associated with the measures of exposure.

The specific aims of this study are:

1. To determine risks by occupation and industry
for black and white males and females in
conjunction with detailed tobacco smoking
history, socioeconomic status, and age at
diagnosis by cancer type.

2. To determine cancer risk within specific
occupations in major local industries, such as
automobile manufacturing, construction,
machinery manufacturing, and primary ferrous
metals manufacturing,

3. To investigate work-related cancer risk by race,
gender, socioeconomic status, age at diagnosis,
and cancer site among persons who have never
smoked cigarettes, pipes, or cigars.

4. To develop new methodologic approaches for
occupational epidemiology.

Methodology

This study utilizes a case-referent design,
comparing the prevalence of occupational risk
factors among cancer cases (lung and bronchus,
urinary bladder, esophagus, liver, salivary glands,
eye, mesothelioma, stomach, or cutaneous
melanoma) with those of a referent group, which
includes persons diagnosed with cancers of the
colon or rectum. Cancer cases are selected from
the Metropolitan Detroit Cancer Surveillance
System (MDCSS), a population-based cancer
registry which has been in operation since 1969.
Interviews are conducted by telephone and include
lifetime health histories, work histories, tobacco use
histories, and socioeconomic information.

Significant Findings

Analyses of lung and bronchus cancers are
producing exciting new findings. Assessment of
lung and bronchus cancer risk by usual occupation
and industry was completed in June of 1990. A
manuscript describing these findings was accepted
by the American Journal of Industrial Medicine on
October 3, 1990. This study is the first to show an
increased risk of lung cancer among farmers, after
adjusting for cigarette smoking habits and age at
diagnosis. Other new discoveries from this analysis
include the observation that increased risk of lung
cancer among mechanics is restricted to black
males. Further, we found that black males had
higher Odds Ratios when their usual occupation was
military service (OR= 11.0) than was seen among
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white males (OR=4.0). Recent studies suggest that
exposure to diesel exhaust may increase lung cancer
risk, but there are contradictory findings from
various investigations into this question. In our
analyses, five occupations that are known to have
diesel exhaust exposure had significantly elevated
Odds Ratios, and these Odds Ratios were highest
among the occupations most likely to have the
greatest levels of diesel exhaust exposure (mining
machine operators, OR=5.03; driver sales,
OR=239; farmers, OR=236; truck drivers,
OR=231; and mechanics, OR= 1.72). We also
observed that persons working in the primary
ferrous manufacturing industry, in coal mining, and
in the Armed Services have elevated risk of lung
cancer, after adjusting for cigarette smoking habits.

Analyses are nearly complete to assess length of
employment and lung canccr risk. These analyses
provide some of the first insights into occupational
cancer risks among black males. For example, we
observed that increasing lung cancer risk for
increasing years of employment for black males
occurs in the occupations of automobile mechanic
and tool and die maker and in the industries of coal
mining, primary ferrous metals manufacturing,
automobile repair, security guards, hospitals, and
food processing. Elevated risks also have been
shown for women and for white males.

Analyses of usual occupation and industry and
risk of cancer of the urinary bladder is being
completed. Findings from this analysis show the
importance of including data concerned with
cigarette smoking habits in studies of occupational
bladder risks, since bladder cancer patients who
smoked cigarettes have 3- to 4-fold elevated risks of
bladder cancer. Analyses of workplace risks among
bladder cancer patients revealed the following
occupations and industries to be associated with
elevated levels of bladder cancer, after adjusting for
cigarette smoking habits, age at diagnosis, race, and
gender:  construction administration, precision
workers, health technicians, welders, automobile
sales, production supervisors, telephone installers,
electricians, postal clerks, Armed Services
personnel, hardware sales, and meat manufacturing.
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Relative Health Risks of Diesel
Emission Control Systems
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Program Area: Occupational Cancers
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Funding Level: 387,311 ($169,304 Cum)

Importance to Occupational Safety and Health

Whole diesel exhaust is regarded as a potential
occupational carcinogen by the National Institute for
Occupational Safety and Health (NIOSH), but the
risk of cancer to exposed workers has not been
quantitatively defined. One problem encountered in
defining risk is the chemical complexity of diesel
exhaust, making it difficult to define exposure.
Michigan Technological University (MTU) and the
Bureau of Mines (BOM) are working together to
define key aspects of the chemical nature and
biological activity of diesel particulate matter
(DPM) collected in underground mines and DPM
and semi-volatile organics collected from a
heavy-duty diesel engine operated with and without
emission control devices in the laboratory.
Together, these data will help evaluate the potential
health effects of diesel exhaust and the impact of
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emission control devices on the underground mine
environment.

Objectives

The objectives of this project are: (1) to obtain
estimates of diesel pollutant levels in underground
coal mines, to include polynuclear aromatic
hydrocarbons (PAH) and biological activity, and
(2) to assess the effects of using DPM emission
control systems on these pollutants in laboratory
tests.

Methodology

Samples from four underground coal mines
were collected by BOM personnel using Hi-volume
samplers equipped with inertial impactors to collect
size-differentiated particle samples.  Particles
2 1 um in size were considered to be primarily of
diesel origin. A sampler was located at the section
intake and operated up to six hours per sample.
Another Hi-volume sampler was placed in the
haulageway near the point where diesel shuttle cars
turned around to dump their loads. The sample
times for these samples varied between 8-30
minutes and were only collected during periods
when mining and diesel activity were occurring,
The soluble organic fraction (SOF) was removed
from the particles on the filters by Soxhlet
extraction with dichloromethane. The daily extracts
from all filters at each sampling location in a mine
were pooled to reflect average levels over each day’s
sampling period.

Laboratory samples for DPM and semi-volatile
organics were collected by the BOM with and
without a catalyzed diesel particulate filter (CDPF)
on 508 x 508-mm filters followed by XAD-2 resin
(XOC) during transient engine operation. Only
particle samples were collected during steady-state
operation. This engine was operated with low sulfur
(0.039 wt. %) fuel. As with the in-mine samples,
the organic material associated with both types of
media was removed by Soxhlet extraction with
dichloromethane.

PAH and nitro-PAH fractions of the SOF and
XOC were obtained from a two-column clean-up
procedure and analyzed by HPLC with fluorescence
detection. The PAH and nitro-PAH chosen for
quantitation due to their known or suspected health
effects include fluoranthene, chrysene,
benz[a]anthracene, benzo[a]pyrene, 1-nitropyrene,
2-nitrofluorene, and 3-nitrofluoranthene. Sulfate
levels are determined by ion chromatography of
aqueous extracts from the filters following their
Soxhlet extraction for SOF removal. Unfractionated
extracts plus some fractions are tested for biological

activity using the microsuspension version of the
Ames assay. Coal samples from each mine are also
extracted and assayed for PAH levels and activity.
The data from the laboratory generated samples
were converted to estimated in-mine concentrations
in order to better evaluate potential impacts of
certain engine operating conditions and emission
control systems. ) '

Significant Findings

Wide variations in some of the measured
parameters have been found between the
underground coal mines. Up to 20-fold differences
were found in DPM, SOF, mutagenicity, and PAH
values in the intake samples at the four mines,
probably due to the random operation of diesel
support vehicles operating upstream from the
Hi-volume sampler. In contrast, eight-fold or less
differences in the same parameters were found at
the haulageway sites, perhaps due to the coilection
of these samples only when diesel activity was
present. For all mines, the intake DPM and SOF
concentrations were from 5 to 30% of the
haulageway mean values of 0.75 to 1.9 mg/m® and
0.12 to 0.40 mg/m’, respectively. These haulageway
DPM concentrations are similar to those found at
the same mines using personal diesel exhaust
aerosol samplers. DPM-associated mutagenicity at
the intake was about 33% of the mean haulageway
values of 440 to 970 revertants/m® due to
differences in DPM composition and levels between
the sampling sites. Mean intake PAH
concentrations at three of the mines varied from 9
to 60% of the haulageway values. Examples of
mean haulageway . DPM-associated PAH
concentration ranges (ng/m’) are 48 to 390 for
fluoranthene, 34 to 270 for pyrene, and < 0.9 to 61
for benzo[a]pyrene. The PAH concentrations and
mutagenicity levels are generally within the broad
ranges reported for other types of diesclized
underground mines. The intake DPM was
apparently from out-by diesels and probably
contributed to the variation found with the
haulageway samples. Differences in the types of
engines in use at each mine and/or how the diesels
were operated and maintained probably accounts
for much of the between-mine differences.

Extracts of coal samples from each mine were
analyzed and found to contain very low levels of
extractable organics and PAH and no mutagenic
activity.  Submicrometer coal particles should
contribute < 5% of the mass, none of the
mutagenicity, and < 0.2% of the PAH levels.

A comparison was made of the diluted
laboratory-generated data (with no control device)
to the actual values measured at the haulageway
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sites using an in-mine dilution ratio of 100:1. These
diluted laboratory-generated data for DPM, SOF,
mutagenicity, and PAH concentrations were not
found to be statistically different (p = 0.05) from
the data from most of the mines. When the
potential 20:1 - 200:1 in-mine dilution ratio range
was examined, the laboratory data bracketed
virtually all of the observed in-mine data. This
indicates that laboratory-generated diesel emission
data are useful in estimating in-mine levels.

The effect of the CDPF over transient
operation was to reduce DPM, SOF, and XOC
concentrations by about 90, 98, and 82%,
respectively. A similar reduction in SOF was found
with steady-state operation; however, time-weight
DPM levels were reduced by only 47%. Increases
in sulfate levels of 550 and 1200% during transient
and steady-state operation, respectively, accounted
for much of the differences in CDPF effects on
DPM and SOF. SOF-associated mutagenicity
(revertants/ug) increased from 300 to 3300% with
CDPF use under transient and steady-state
conditions, respectively; due to the major effect of
the CDPF on SOF concentrations, the mutagenic
concentrations (revertants/m®) decreased by about
90%. In comparison to the SOF, the XOC was only
weakly mutagenic and CDPF use resulted in
reductions in activity on a mass basis of 40% and on
a concentration basis of 91%. Use of the CDPF
resulted in approximately 99% decreases in
concentrations of PAH such as fluoranthene,
pyrene, and benzo[a]pyrene Based on completed
analyses, in-mine DPM concentrations with the
CDPF installed would be below 0.1 mg/m’
representing at least 10-fold reductions in DPM.
Similar reductions would also be expected in
DPM-associated mutagenicity and PAH
concentrations.

Biologic Monitoring/Risk
Assessment in an Exposed Cohort

George P. Hemstreet, III, M.D.
The University of Oklahoma Health
Sciences Center
Department of Urology
P.O. Box 26901
Oklahoma City, Oklahoma 73190

Program Area: Occupational Cancer
Grant Number: 3 R0I OH02647-0151

Start & End Dates: 09/30/89 - 10/30/92

Funding Level: $153,295 ($183,710 Cum)
Importance to Occupational Safety and Health

Thousands of workers worldwide are at
increased risk of bladder cancer because of previous
exposure to aromatic amines. These risks have
been characterized in the past primarily by
epidemiologic means, permitting assessment of risks
associated with the cohort as a whole. If markers
within the cancer process can be identified,

‘individuals in the exposed cohorts might be

differentiated according to risk and targeted for the
appropriate  intervention. In addition to
occupational chemical exposure, other exogenous
risk factors and endogenous risk factors influence
the estimated relative risk or overall odds of the
individual developing bladder cancer. Data on the
prevalence of various risk factors and biological
markers in exposed cohorts could be used to
develop individual risk profiles which could be
helpful for determining individual risk in other
high-risk cohorts identified by epidemiologic means.

Results of the pilot study and thls larger study
of identified high-risk cohorts in *China could
provide significant new data on early detection of
bladder cancer, exogenous and endogenous risk
factors associated with the disease, and biological
intermediate endpoint markers indicative of bladder
cancer risk. These findings could have profound
implications for the development and initiation of
bladder cancer screening programs in the large
number of U.S. industries in which workers are or
have been exposed to bladder carcinogens.

Objectives
The purpose of the pilot study was to

demonstrate the feasibility of conducting the
screening program in China and to confirm the
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logistics of the handling and shipment of samples
for laboratory studies in the U.S. The objectives of
the larger study are: (1) to identify and measure the
various endogenous and exogenous risk factors and
biological markers in order to differentiate
individuals and subgroups according to their risk for
bladder cancer, and (2) to evaluate the usefulness of
various biological markers as discriminators of risk
and as intermediate endpoint markers.

Methodology

In the pilot study, 30 members of a previously
identified cohort of workers (N=2,005) exposed to
benzidine and an equal number of unexposed
controls were screecned. All subjects in the pilot
study were from the Tianjing province in China.

The objectives of the screening, relative to the
following, are: (1) exogenous risk factors -
characterize each study subject on the basis of
personal medical history, family medical history,
occupational exposure to benzidine or other bladder
carcinogens, and cigarette smoking history;
(2) endogenous risk factors - determine whether the
slow acetylator phenotype or urinary pH is
predictive of risk for bladder cancer or for urinary
cytologic abnormalities; and (3) biological markers
- determine the prevalence of specific biological
markers, i.e., morphologic changes identified by
Papanicolaou cytology and biochemical and
morphologic changes identified by quantitative
fluorescence image analysis (QFIA) cytology, and
correlate these with each other and with exogenous
and endogenous risk factors to determine which
best discriminate individuals and subgroups at risk
for bladder cancer. Included among QFIA analyses
are: DNA hyperploidy, F-actin levels in cells,
labeling with an antibody against a tumor-related
antigen found in low-grade tumors, and selected
oncogene protein levels.

The initial screening phase includes:
standardized interviews to obtain occupational,
smoking, personal medical and family medical
histories, limited physical examinations performed
by a urologist, and collection of voided urine and
blood samples. Diagnostic follow-up is included for
subjects whose initial screening results meet certain
criteria. -

Significant Findings

The pilot study demonstrated that an excellent
cohort is available for the study, with good
compliance and participation. Adequate histories
and physical and laboratory data can be collected
and analyzed to determine endogenous and
exogenous risk factors. The data base format was

established and an analysis completed. Acetylator
phenotypes must be deter