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« Foreword .

In 1996, the National Institute for Occupational Safety and Health (NIOSH) worked with diverse partners
to develop the National Occupational Research Agenda (NORA). Reflecting input and review by more
than 500 individuals and organizations, NORA defines the national research that will do the most to pro-
tect the safety and health of workers.

As a working blueprint for innovative research, NORA has stimulated strong support and broad partner-
ships across industry, labor, government, and academia. Through NORA and its collaborative structure, the
Nation is better positioned to counter the toll of workplace injury, illness, and death in this time of unprece-
dented change in the American workplace.

This document contains summaries of current research projects conducted or supported by NIOSH under
NORA. For convenience, 448 projects are classified as intramural or NIOSH-supported extramural
research, and they are grouped by NORA priority area. The 177 extramural projects and 271 intramural
projects illustrate the range of NORA priorities and the high quality of research that continues to result
from these national partnerships. They also provide further evidence for NORA's strategic importance in
guiding the research that will yield the highest dividends in worker safety and health for decades to come.

In reassessing our own research priorities at NIOSH, we have been inspired by NORA. As we continue
to build new collaborations, we hope others will share this same excitement.

452

John Howard, M.D.

Director

National Institute for Occupational
Safety and Health
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1 Extramural Research
Projects

Grants

o Allergic and Irritant Dermatitis e

Dermatopharmacokinetics and
Pharmacodynamics

Investigator: Karla Thrall, Ph.D.

Affiliation: Battelle Memorial Institute
Richland, Washington
Telephone:  (509) 376-6115

Keywords/Phrases: Dermatitis, paint, toluene, methyl

ethyl ketone
Purpose:

To understand the influence of paint product formula-
tions on the dermatopharmacokinetics of toluene and
methyl ethyl ketone (MEK).

Abstract:

This research will enhance the ability to accurately
extrapolate animal studies to relevant human exposure
scenarios and will improve hazard and risk assessments.
Experimental studies will be conducted with rats using a
novel real-time breath analysis system coupled with
physiologically based pharmacokinetic (PBPK) model-
ing to determine the penetration rate of toluene and MEK
through the skin. The resulting data from these compre-
hensive evaluations are directly applicable to regulatory
agencies in establishing dermal absorption guidelines
that mimic actual occupational exposure situations. The
specific research objectives are (1) to describe dermal
absorption of toluene and MEK using PBPK models to
determine skin permeability constants, (2) to evaluate the
kinetics and dermal bioavailability of exposure to aque-
ous toluene and MEK, and (3) to compare different paint
product formulations regarding the percutaneous absorp-
tion of toluene and MEK.

Dermal Absorption of Cutting Fluid
Mixtures

Investigator: Ronald Baynes, Ph.D.

Affiliation:  North Carolina State University
Raleigh, North Carolina
Telephone: (919) 513-6398

Extramural Projects

Keywords/Phrases: Dermatitis, metalworking fluids,

mixed exposures
Purpose:

To investigate the dermal disposition and cutaneous tox-
icity of chemical additives and contaminants in cutting
fluid formulations.

Abstract:

This research project uses an experimental paradigm that
takes into account the difficulty of testing all commercial
cutting fluids or oils. The long-term goal is to understand
chemical and biological interactions in a chemical mix-
ture that modulates dermal disposition of irritants or
chemicals and to be able to predict chemical and biologi-
cal interactions in a chemically defined mixture in the
workplace. The central hypothesis is that many chemical
additives or components in cutting fluid formulations
behave as solvents, co-solvents, or surfactants. These
additives can modulate percutaneous absorption by alter-
ing the normal anatomy and physiology of the skin
through discrete mechanisms; eventually they determine
the fate of the irritant(s) and thus its potential to cause irri-
tant dermatitis.

Confocal Histopathology of Contact
Dermatitis In Vivo

Investigator: Salvador Gonzalez, M.D.

Affiliation: Massachusetts General Hospital
Boston, Massachusetts
Telephone:  (617) 724-1915

Keywords/Phrases: Hypersensitivity pneumonitis,

method development, dermatitis
Purpose:

To establish new criteria for differentiating acute irritant
contact dermatitis (ICD) from allergic contact dermatitis
(ACD) by using a video rate (real-time), near-infrared
confocal reflectance microscope.

Abstract:

Contact dermatitis (CD) affects approximately 20 per-
cent of the population in the United States and is the
most common form of occupational dermatosis. This
condition is divided mechanistically into ICD and ACD.
The ICD is produced by the toxic effect of certain chem-
icals on the skin, whereas ACD is induced by a delayed
hypersensitivity response of the host to an antigenic
chemical. The latter form is characterized by a cascade of
immunologic events that occurs mostly in the superficial
layers of the skin. Morphologic features of both forms of
CD are very similar on gross and microscopic examina-
tion, and it is difficult to differentiate one from the other.
The wuse of a noninvasive confocal reflectance
microscopy to evaluate the states of allergic and irritant
skin reactions in vivo, as well as to enhance patch test-
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ing, may help physicians improve their diagnostic skills
in this area and facilitate better understanding of the
pathogenesis of these inflammatory skin conditions. The
lack of artifacts from conventional histology gives a
more realistic picture of pathophysiology. Investigators
also expect that our results may ultimately translate into
more rational and effective care for patients with this
common and frequently disabling problem.

o Asthma and Chronic Obstructive
Pulmonary Disease e

Lung Disease in Chinese Textile Workers

Investigator: David Christiani, M.D.

Affiliation: Harvard School of Public Health
Boston, Massachusetts
Telephone:  (617) 432-1260

Keywords/Phrases: Pneumoconiosis, cotton dust,

endotoxin
Purpose:

To further assess the respiratory health of workers chron-
ically exposed to organic dust (specifically cotton dust)
and endotoxin.

Abstract:

Exposure to gram-negative bacterial endotoxin has been
described in laboratory studies as producing acute respi-
ratory symptoms and lung function change. A similar
study has addressed the relative contributions of cotton
dust and endotoxin in producing both acute and chronic
respiratory effects. In addition, the investigators will
examine the long-term effects on the respiratory health
status of workers who were removed from exposure by
retirement. This is possible because of documented acces-
sibility to workers who have left the workforce.
Pulmonary effects caused by endotoxin are important in
the cotton textile industry as well as in other environments
with significant concentrations of airborne endotoxin.

The study population (closed cohort) has been followed
since 1981. It is unusually well suited for epidemiologic
study because of low turnover, very low smoking preva-
lence among women workers, and reliable baseline data.
A suitable comparison group was studied. The popula-
tion included 447 cotton textile workers and 465 silk tex-
tile workers first surveyed in 1981 and later in 1986,
1992, and 1996 with excellent followup. The proposed
study is unique because exposure estimates for both dust
and endotoxin over a 20-year period allow assessment of

exposure-response relationships for both dust and endo-
toxin for the full study interval.

Longitudinal Study of Isocyanate Asthma
in Body Shops

Investigator: Mark Cullen, M.D.

Affiliation:  Yale University
New Haven, Connecticut
Telephone:  (203) 785-6434

Keywords/Phrases: Diisocyanates, occupational asthma,

cross-sectional study
Purpose:

To assess the incidence, healthy worker effect, and mech-
anism and biomarkers associated with isocyanate asthma.

Abstract:

Diisocyanates remain the most frequent cause of occupa-
tional asthma (OA) in developed economies. Four years
ago, the investigators initiated a multidisciplinary, large-
scale cross-sectional study of autobody shops in New
Haven (the SPRAY study) to address outstanding ques-
tions for primary and secondary control of this highly
relevant condition. Ancillary studies were initiated
simultaneously in humans and animals to elucidate
mechanism. To date the investigators have demonstrated
several key associations between patterns of exposure
and clinical, physiological, and immunological parame-
ters, and they have begun to elucidate the immunology of
the disease. However, success has been hampered by
inherent limitations of cross-sectional design and evident
healthy worker selection pressures in this industry. The
investigators now propose to take further scientific
advantage of this extraordinary cohort and the relation-
ship with the subjects and shops to (1) characterize the
natural history of isocyanate exposure by following
SPRAY subjects over the next 5 years with repeated
exposure assessment and measurements of respiratory
and immunologic function, (2) address healthy worker
effect by supplementing the existing cohort with an
inception cohort of new workers hired during the fol-
lowup period, and (3) confirm all cases developing new-
onset asthma by specific inhalation challenge to establish
the exposure patterns, preclinical physiologic and
immunologic features, and host factors that confer risk
for isocyanate asthma.



Physiologic Characterization of
Occupational Asthma

Investigator: Susan Sama, Sc.D.

Affiliation: Harvard University
Boston, Massachusetts

Telephone: (617) 432-1260

Keywords/Phrases: Asthma, airflow patterns, disease
prevention

Purpose:

To characterize occupational asthma.

Abstract:

Occupational asthma (OA) accounts for 5% to 36% of
asthma in adults, and occupational exposures are major
contributors to morbidity among adult asthmatics. Early
detection and intervention are essential for primary as
well as secondary prevention of OA. Unfortunately, the
physiologic manifestations of OA are poorly understood,
and easily measured noninvasive biomarkers of OA are
sorely needed. Current methods based on peak expiratory
flow (PEF) diaries are effort-dependent, and the quality of
the efforts and records cannot be controlled. This project
will address these pressing needs by illuminating the rela-
tionship between the four work-related asthmatic airflow
patterns (WRAAPS). This relationship will be determined
by examining (1) responsiveness to bronchodilators, (2) a
biomarker of airway inflammation in exhaled breath, (3)
occupational exposure, (4) quality of life, (5) atopy, and
(6) the degree of asthma morbidity. The project will use
portable electronic spirometers and a more sophisticated
physiologic and noninvasive biomarker of airway inflam-
mation. This study will lay the foundation for application
of these new methods—not only in future occupational
epidemiologic studies, but also in industrial screening and
outpatient clinics. This study will provide improved
detection and prevention of OA.

Chronic Obstructive Pulmonary Disease
Risks in Carpenters

Investigator: David Wegman, M.D.

Affiliation:  University of Massachusetts
Lowell, Massachusetts
Telephone:  (978) 934-3265

Keywords/Phrases: Carpenters, chronic airway

obstruction, methods of data collection
Purpose:

To investigate the risk among carpenters of chronic air-
way obstruction other than asthma.

Abstract:
Evidence of a relationship between occupational dust
exposures and chronic airway disease, including chronic

Extramural Projects

obstructive pulmonary disease (COPD), has been
demonstrated in a number of studies in occupational and
community settings. Apart from studies focused on the
classical dusty trades, however, very little is known
about the possibility of risk from more moderate expo-
sures to a diverse mixture of different types of particu-
lates. Evidence is mounting for mechanisms that might
underlie a relatively nonspecific toxic effect from partic-
ulate exposures. In addition to respiratory tract irritation,
high particulate exposures can overload the clearance
mechanisms of the lung, producing a cascade of respons-
es that may culminate in chronic lung injury. To con-
tribute to the study of risk associated with exposure to a
mixture of particulates, the investigators propose to tar-
get a working population of wunion carpenters.
Carpenters have a diversity of aerosol (wood dust being
only one) and chemical exposures and excess risk for
pulmonary disease. Apart from studies of occupational
asthma, there have been few investigations of respirato-
ry disease associated with this trade, despite the fact that
carpentry is one of the largest specialty trades among
construction workers. The proposed study is therefore
designed as a pilot investigation of the risk among car-
penters of chronic airway obstruction other than asthma.
The specific objectives of this pilot study are to develop
and evaluate methods to (1) identify incident cases of
COPD in the Carpenters Combined Benefits Fund of
Massachusetts medical insurance records database and
(2) assess a diverse range of different aerosol and gas
exposures occurring in carpenters' jobs. The outcome of
the pilot study will be methods that can be applied in a
subsequent case control investigation designed to pro-
vide quantitative data on the associations between COPD
and different aerosol exposures experienced by carpen-
ters. The case control study will be the subject of a sepa-
rate proposal, contingent on successful development of
the necessary methods.

Isocyanate Exposure Intervention Study
in Body Shops

Investigator: Youcheng Liu, M.D., Sc.D.

Affiliation:  Yale University
New Haven, Connecticut
Telephone:  (203) 785-5969

Keywords/Phrases: Intervention, auto body workers,

diisocyanates
Purpose:

To test the hypothesis that an integrated intervention pro-
gram will significantly reduce the inhalation and skin
exposure of auto body workers, particularly painters, to
aliphatic diisocyanates.
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Abstract:

Diisocyanates, a group of highly reactive compounds
extensively used in the collision repair industry, are the
most commonly reported cause of occupational asthma.
The investigators’ preliminary data revealed a high
inhalation exposure to isocyanate oligomers and exten-
sive skin exposure in auto body shop workers. Control
technologies and strategies to reduce these exposures are
urgently needed in order for shops to comply with EPA
and OSHA regulations and to achieve the overall goal of
asthma prevention; however, little research has been
done in this industry to evaluate the effectiveness of
exposure control measures. The researchers propose an
intervention study to test the hypothesis that an integrat-
ed intervention program will significantly reduce the
inhalation and skin exposure of auto body workers, par-
ticularly painters, to aliphatic diisocyanates. Specific
aims are to (1) implement an educational training pro-
gram and assess the effectiveness of training, (2) imple-
ment a product (process) change and engineering control
program and evaluate their effectiveness in exposure
reduction, (3) implement an administrative program to
supply more protective equipment and evaluate its effec-
tiveness in exposure reduction, (4) implement a behav-
ioral intervention program and evaluate its effect on
work practices, and (5) evaluate the overall effectiveness
of this intervention program with feedback from shop
management and workers, using urinary biological mon-
itoring tools. The overall study design will be a prospec-
tive field experimental study with 10 shops each in the
intervention group and control group and 120 workers.
The investigators will evaluate the intervention at base-
line, 6 months, and 1 year. Effects of intervention will be
assessed for the two groups at 6 months and sustainabil-
ity of intervention effectiveness will be evaluated among
intervention phases. This should allow the researchers to
identify effective exposure intervention strategies, rec-
ommend them for wide application in this industry and
other similar industries, and contribute significantly to a
better prevention of asthma in auto body shop workers.

Pulmonary Effects of Machining Fluid
Aerosols

Investigator: Terry Gordon, Ph.D.

Affiliation:  New York University
Tuxedo, New York
Telephone:  (845) 731-3536

Keywords/Phrases: Pneumonitis, Mycobacterium

chelonae, workers,animal model
Purpose:

To determine whether Mycobacterium chelonae is
responsible for the induction of hypersensitivity pneu-

monitis in machining fluid workers using an animal
model of hypersensitivity pneumonitis.

Abstract:

This research will test the hypothesis that M. chelonae
contamination of machining fluids produces hypersensi-
tivity pneumonitis in exposed workers. The results of
previous studies suggest but do not prove a link between
hypersensitivity pneumonitis and exposure to M. chelon-
ae-contaminated machining fluid aerosols. Thus a new
occupational problem has surfaced in which a targeted
microbe, M. chelonae, has not been routinely assayed in
machining fluids or previously considered in the patho-
genesis of hypersensitivity pneumonitis. Since epidemi-
ological studies can typically provide only relational
information, this research proposes to use an animal
model of hypersensitivity pneumonitis to determine
whether M. chelonae is responsible for the induction of
hypersensitivity pneumonitis in machining fluid work-
ers. Although indirect evidence suggests that M. chelon-
ae is involved in the recent outbreaks of hypersensitivity
pneumonitis, the findings from the proposed controlled
laboratory studies are needed to prove causality before
instituting control strategies such as the appropriate bio-
cide for eradicating the critical microbial contaminant of
machining fluids.

Chemokine Biomarkers of Diisocyanate-
Induced Occupational Asthma

Investigator: David Bernstein, M.D.

Affiliation:  University of Cincinnati
Cincinnati, Ohio
Telephone: (513) 558-4701

Keywords/Phrases: Exposure assessment, airborne

contaminants, asthma
Purpose:

To establish an immunologic in vitro assay as a sensitive
and specific biomarker of diisocyanate-induced occupa-
tional asthma (DA) and to define a relationship between
in vitro diisocyanate (DI1SO) antigens, enhanced periph-
eral blood mononuclear cells (PBMCs) production, and
airway inflammation in DA.

Abstract:

DA is the most prevalent form of occupational asthma.
Severe chronic disability due to DA can be prevented by
early diagnosis and cessation of workplace exposure;
however, there are no sensitive biomarkers of DA to
facilitate an early diagnosis. In the past 10 years, bron-
choalveolar lavage and bronchial biopsy studies of work-
ers with DA have defined an important pathogenetic role
of airway inflammation. Previous studies have identified
diisocyanate antigen-specific cellular responses in DA



patients. These studies revealed that clinically confirmed
DA is significantly associated with antigen-specific
enhancement in peripheral blood mononuclear cells
(PBMCs) of the chemoattractant cytokine, monocyte
chemoattractant protein-1 (MCP-1) and of TNF.
Hypotheses generated from these preliminary studies
that will be tested in this proposal are as follows:
(1) DIISO antigen-enhanced production of MCP-1 is a
biomarker of DA and validation of the MCP-1 assay as a
clinical test will allow differentiation of DA from non-
DA; and (2) PBMC production of MCP-1 in response to
in vitro stimulation with DIISO antigens correlates with
increased secretion of MCP-1 and TNF in induced bron-
choalveolar lavage (BAL) fluid of workers with DA as
well as with other indices of lung inflammation elicited
by workplace exposure to DIISOs. Once validated as a
diagnostic biomarker, the MCP-1 assay can be used as a
diagnostic method for differentiating workers suspected
of DA from those with non-DA or from those with
nonoccupational asthma.

A Validated Asthma Questionnaire for
Health Care Workers

Investigator: George Delclos, M.D.

Affiliation:  University of Texas
Houston, Texas
Telephone:  (713) 500-9459

Keywords/Phrases: Healthcare workers, asthma
Purpose:

To develop, validate, and field test a new survey instru-
ment for work-related asthma among health care work-
ers. This survey permits the assessment of occupational
and nonoccupational exposures that may result in the
development of work-related asthma.

Abstract:

Occupational asthma (OA) is currently the most fre-
quently reported diagnosis of work-related respiratory
disease in developed nations. Health care workers, who
represent approximately 7% of the U.S. workforce) are
among the occupational groups at risk of developing OA.
There have been reports of increased occurrence of asth-
ma in nurses, animal handlers, respiratory therapists,
physicians, and manufacturers of pharmaceuticals.
Relatively few studies have been published with infor-
mation about formal validation of asthma questionnaires,
and validation to date has largely focused on the ability
of questionnaire items to predict asthma in populations.

This 3-year study will be conducted in two phases. The
aim of Phase | will be to develop and validate a new sur-
vey instrument of work-related asthma for use in health
care settings. The questionnaire will be validated by
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administering it to a convenience sample of 100 health
care workers (with and without asthma) and comparing
results to the “gold standards” for asthma (methacholine
bronchial challenge test) and nonoccupational exposure
risk factors (RAST IgE-specific antibody panel against
common environmental aeroallergens and latex). The
aims of Phase 2 will be to (1) cross-validate and field test
the new survey instrument in a population-based sample
of four occupational groups (n=1,400 per group) of
health care workers (nurses, physicians, respiratory ther-
apists, and occupational therapists) identified through
their respective licensing boards in Texas, (2) estimate
and compare the prevalence of work-related asthma
among these four occupational groups, (3) analyze asso-
ciations between occupational and nonoccupational
exposures in health care workers with and without asth-
ma in this population, and (4) estimate the occupational
burden of asthma in these four occupational groups.

Environmental Factors in PI*Z Alpha 1-
Antitrypsin Deficiency

Investigator: Lee Newman, M.D.

Affiliation:  National Jewish Medical and
Research Center
Denver, Colorado
Telephone:  (303) 398-1296

Keywords/Phrases: Chronic Obstructive Pulmonary

Disease, PI*Z, respiratory irritants
Purpose:

To understand obstructive pulmonary disease resulting from
occupational exposure in homozygous PI*Z individuals.

Abstract:

Occupational dust, fume, and gas exposures have been
associated with the development of chronic obstructive
pulmonary disease (COPD). Genetic and familial factors
also contribute to the risk of COPD. Individuals with
alphal-antitrypsin deficiency (al-ATD) comprise one of
these genetically susceptible populations. The major
environmental risk factor for COPD in al-AT deficient
P1*Z individuals is personal tobacco use. Preliminary
studies suggest that occupational respiratory exposures
may also contribute to the severity of this disease. The
researchers hypothesize that exposure to occupational
and environmental respiratory irritants (dust, fumes,
smoke, and gas) increases the risk of both chronic respi-
ratory symptoms and airflow obstruction in genetically
susceptible individuals with P1*Z (al-AT deficiency).

This research will (1) evaluate the association between
certain occupational and environmental respiratory
exposures and the presence and severity of specific pul-
monary symptoms and airflow obstruction; (2) assess the
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potential interaction or confounding effects that different
types of respiratory irritant exposures and/or personal
and environmental exposures to tobacco smoke might
have in predicting the risk of respiratory symptoms; (3)
assess the potential interaction between exposure to per-
sonal or environmental tobacco smoke and respiratory
infections in predicting risk of respiratory symptoms and
airflow limitation; and (4) validate the model developed
as a predictive model by repeated resampling of the orig-
inal data set (i.e., bootstrapping) that could help health
professionals counsel and educate P1*Z patients about
their risks from environmental and occupational expo-
sures. A cross-sectional design will be used in an expand-
ed cohort of more than 300 patients with PI*Z. This
research offers an opportunity to investigate environ-
mental and genetic interactions where the gene trait that
confers susceptibility is known but in which the environ-
mental triggers are not.

e Cancer Research Methods «

Time Factors in Exposure Effects Among
Uranium Workers

Investigator: David Richardson, Ph.D.

Affiliation:  University of North Carolina
Chapel Hill, North Carolina
Telephone: (919) 843-3193

Keywords/Phrases: Radiation mortality, cohort study,

uranium workers
Purpose:

To improve the methods used to evaluate the effects of
latency, time since exposure, and agent-exposure in stud-
ies of repeated or chronic exposure.

Abstract:

The proposed study investigates the association of radia-
tion with mortality in a cohort of workers employed at
the U.S. Department of Energy's Y-12 uranium process-
ing facility. The Y-12 cohort was recently expanded, and
vital status information was updated through 1990.
Radiation lung dose estimates for workers at Y-12 (based
on bioassay and in vivo monitoring records) are available
in computerized form; however, no analyses of dose-
response associations have been conducted using this
updated information. The proposed research will take
advantage of previously collected data to conduct inves-
tigations of occupational exposure-disease associations.
Detailed analyses will be conducted of variations in radi-
ation-mortality associations with latency, time since
exposure, and agent-exposure. The results of this study

will help address analytical questions about radiation-
lung cancer associations in this cohort, while reducing
exposure misclassification by better identifying the etio-
logically relevant period of exposure.

P53 Biomarker and Intervention in
Occupational Cancer

Investigator: Paul Brandt-Rauf, M.D.

Affiliation:  Columbia University
New York, New York
Telephone: (212) 305-3959

Keywords/Phrases: p53 tumor suppressor gene, cancer

prediction, carcinogens
Purpose:

To study the p53 tumor suppressor gene as a tool for pre-
dicting cancer and suppressing its development in
humans exposed to carcinogens in the workplace.

Abstract:

Research methods for occupational cancer are needed to
develop early markers of adverse health effects from
workplace exposures and to devise ways for interrupting
the pathways between workplace exposures and result-
ing cancers. The p53 tumor suppressor gene product is a
potential target for both of these approaches. Certain
occupational exposures can produce mutations in p53
that cause the generation of an immune response with
circulating p53 autoantibodies even before the occur-
rence of clinically detectable cancers. Thus these anti-
bodies may serve as useful early markers of adverse
effects. In addition, certain short peptide sequences from
p53 have been demonstrated in cell culture to be able to
cause mutant p53 to revert to normal function, resulting
in the death of cancer cells containing mutant p53 but
having no effect on normal cells with wild-type p53. This
approach may therefore be useful for interrupting the
pathway between workplace exposures that produce p53
mutations and resulting cancers. The purpose of the pro-
posed research is to examine both of these approaches
for occupational cancers caused by asbestos exposure in
two related projects. For the first project, banked serum
samples from a cohort of workers with asbestosis will be
examined for the presence of p53 autoantibodies by
enzyme-linked immunosorbent assay and immunoblot-
ting to determine whether the presence of the antibodies
correlates with the subsequent development of cancer as
well as with the presence of p53 mutations in the result-
ing tumors. The second project will involve investigating
the effects in cell culture of a p53 peptide sequence
(delivered as the peptide or as a plasmid-based minigene)
on asbestos-associated lung cancer and mesothelioma
cell lines with and without p53 mutations and correspon-
ding noncancer cell lines with wild-type p53. The second



project will also determine the mechanism of action of
the peptide for inducing death in these cells.

« Control Technology and Personal
Protective Equipment

SBIR Bioelectronic Telemetry System for
Fire Fighter Safety

Investigator: Michael Fred Masterman

Affiliation: Extreme Endeavors and Consulting
Philippi, West Virginia
Telephone:  (304) 472-6446

Keywords/Phrases: Telemetry, monitoring, fire fighters
Purpose:

To develop personal telemetry and physiological moni-
toring systems to enable fire departments to monitor the
physiological condition and environments of fire fighters
in extreme conditions.

Abstract:

Every year fire fighters are killed in the line of duty as a
result of the strenuous nature and environmental condi-
tions in which they must work. This research will devel-
op a bioelectronic monitoring system to inform incident
commanders in real time when personnel are in trouble
and when they must discontinue their duties to avoid
endangering themselves and team members. The investi-
gators will develop a monitoring system to observe the
fire fighter's physiological status and the environmental
conditions surrounding the fire fighter. Research will be
done to implement a repeater system to transmit the sig-
nal out of the structures in which fire fighters must work.
The properties of the transmission required for this appli-
cation will be analyzed, modeled, and tested among the
various structures. The bioelectronics previously devel-
oped by the research team will be combined to construct
a simple prototype. The simple prototype will be field-
tested for further evaluation. This system will provide
real-time information about the fire fighter's condition
for the incident commander or safety officer, allowing
them to be removed from the hazards while making deci-
sions about protecting fire fighters.
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Measurements and Control Diesel
Emissions in Underground Mines

Investigator: Mingming Lu, Ph.D.

Affiliation:  University of Cincinnati
Cincinnati, Ohio
Telephone: (513) 556-0996

Keywords/Phrases: Control technology, diesel
particulate matter, exhaust emissions,

miners
Purpose:

To develop control technology to reduce diesel particulate
and other diesel exhaust emissions in underground mines.

Abstract:

The diesel particulate matter (DPM) that emissions in
underground mines are much higher than other occupa-
tional exposures that pose health threats to mine workers.
This project is aimed at developing a novel control tech-
nology to substantially reduce DPM and other diesel
exhaust emissions and to determine the impact of this
control method by performing a thorough characteriza-
tion of DPM emissions in target underground mines.
DPM emission measurements (such as area-of-interest
sampling, personal exposure, and emission source sam-
pling) will be performed, and the technology will be
implemented in a selected mine or mines for demonstra-
tion purposes.

Improved Health and Safety in Mining
through Helical Drilling and Rock Bolt
Anchoring

Investigator: John Hill, M.S.

Affiliation: UTD Incorporated
Manassas, Virginia
Telephone:  (703) 393-0800

Keywords/Phrases: Drilling system, anchorage
capacity, mining

Purpose:

To develop a rock hole bolt drilling system and hardware

to improve anchorage capacity.

Abstract:

The investigator proposes to develop an innovative rock
bolt hole drilling system based on new Helical Drag Bit
technology and new rock bolts that address rock mass
stabilization (reducing risk of catastrophic rock mass fail-
ure) by doing the following: (1) improving grouted rock
bolt anchoring through improved hole geometry; (2)
improving mechanical rock bolt anchoring capacity
through new rock bolt designs that take advantage of new
hole geometry; and (3) using a directly measured drilling
parameter (torque) to reliably interpret rock properties
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and conditions (function of new proven bit design). The
new drilling and rock bolt system will significantly
reduce the risk of ground slope failure due to the
increased load capacity and higher pullout strength. As
the same time, this new system will reduce total installa-
tion and operation costs as a result of savings in power
consumption and drilling speed. The new system also
will reduce respirabable dust produced during the drilling
process. Furthermore, it will reduce noise from drilling
hydraulics machinery through use of a new bit design
that requires significantly less power than commercially
available bits to excavate the same volume (beneficial to
human health) and incorporate a portion or all of the
drilling process directly into the rock bolt for reduction in
installation handling requirements (potential for reduc-
tion in handling injuries and rock fragment injuries).

Engineering Control of Longwall Machine
Noise

Investigator: Yi Luo, Ph.D.

Affiliation: West Virginia University
Morgantown, West Virginia
Telephone:  (304) 293-7680

Keywords/Phrases: Technology, reduction of machine

noise, underground longwall faces
Purpose:

To develop and test engineering controls for the reducing
overall levels of machine noise in the underground long-
wall faces.

Abstract:

Longwall mining is the safest and the most productive
mining method in underground coal mines. Because of
the high degree of mechanization and the confined envi-
ronments, noise levels at the longwall mining faces are
normally high. Constant exposure to such a noisy envi-
ronment for an extended period could lead to permanent
hearing loss. The two major sources of noise at a long-
wall face are (1) noise produced by the mining machines
(i.e., shearer, face conveyor, stage loader and crusher,
etc.) and (2) the background noise produced by the
breakage and movement of surrounding rock strata as
they reach a new equilibrium after being disturbed by the
mining activities. The machine noise is the major con-
tributor to the worker’s noise exposure. Because back-
ground noise provides useful information for workers to
detect and predict harmful ground movements, it is desir-
able to leave the background noise intact. The object of
this proposed research is to develop and test a technolo-
gy for reducing overall levels of machine noise at the
underground longwall faces while keeping the back-
ground noise basically unaltered. The investigators pro-
pose to do this by combining the traditional passive

methods and the active noise control (ANC) technology.
Because of the maturity and successful applications of
the ANC technology in many other industrial environ-
ments, the investigators expect the active method to pro-
duce the most dramatic reductions in noise exposure to
the longwall miners. By reducing the overall noise levels
in the longwall panels, miners’ hearing loss can be
reduced greatly over their working lives.

Permeation of Irritant Mixtures Through
Protective Materials

Investigator: Shane Que Hee, Ph.D.

Affiliation:  University of California
Los Angeles, California
Telephone:  (310) 206-7388

Keywords/Phrases: Model, dermal exposure, gloves
Purpose:

To evaluate a mathematical model to predict the perme-
ation of mixtures through gloves and to determine
whether the index of skin irritation is useful in assessing
the risk of dermal exposure when gloves are worn.

Abstract:

The hypothesis is that an already existing mathematical
model can be confirmed to predict permeation of mixture
components through glove materials. A secondary
hypothesis is to assess whether the index of skin irrita-
tion (the Corrositex rating) will be useful in assessing the
worker’s risk of dermal exposure when gloves are
worn. The aims are to (1) select the irritative mixtures to
be investigated, identify and quantify the major compo-
nents, and select the types of gloves; (2) select the types
of challenges; (3) determine the skin-irritative compo-
nents in all challenges using the Corrositex assay; (4)
determine the kinetic parameters of permeation, the
steady-state permeation rate, and the lag time for each
component using an American Standard for Testing and
Materials-type permeation cell with liquid collection and
GC/MS, LC/MS, and FT/IR; (5) evaluate the permeation
characteristics of the reconstituted formulations and inert
component mixtures; (6) measure Corrositex ratings for
all challenge and collection systems; (7) confirm
whether the logarithm of the steady state permeation rate
and logarithm of the lag time depend on the logarithm of
the mass composition, the logarithm of the molar vol-
ume, and the logarithm of the octanol/water coefficient;
and (8) assess whether a multivariate model that also
accounts for interactions among the three solvent param-
eters and glove parameters might produce a more gener-
al model. The mixtures to be studied are formulations of
irritant pesticides (three being liquid when pure and four
being solid when pure) and two cutting oils, one semi-



synthetic metalworking fluid, and a standard kit of chem-
icals used in the patch-testing of soluble metalworking
mixtures. In addition, challenges with the smallest rec-
ommended dilution in water will be evaluated for each
component or mixture. The gloves to be evaluated are
lined and unlined nitrite and butyl, Silver Shield lami-
nate, Viton industrial chemical-resistant gloves, and
nitrite and butyl gloves. The relationship of the funda-
mental independent variables to the kinetic parameters of
permeation and to the Corrositex rating as the index of
irritation will be determined and compared.

Respiratory Protection Against
Bioaerosols in Agriculture

Investigator: Tina Reponen, Ph.D.

Affiliation:  University of Cincinnati
Cincinnati, Ohio 45267
Telephone:  (513) 558-0571

Keywords/Phrases: Field-compatible method,

protection, respirators, dust
Purpose:

To develop a new field-compatible method to measure
the protection respirators afford against dust in agricul-
tural environments.

Abstract:

Agricultural workers are exposed to high concentrations
of airborne microorganisms and thus have an increased
risk for developing respiratory diseases. Respirators,
when properly selected and used, can decrease the expo-
sures in agricultural environments. In this study, a new
field-compatible method will be developed to dynami-
cally measure the protection provided by respirators
against dust in agricultural environments. Another
method will be developed to determine the protection
provided by respirators against fungal and actinomycete
spores. The new methods will be evaluated first in the
laboratory under controlled conditions using four test
aerosols: NaCl, PSL, and fungal and actinomycete
spores. The laboratory tests will be conducted using
three respiratory flow rates, three concentrations for test
particles, and three sampling probe locations. After that,
the new methods will be tested in the field during differ-
ent agricultural operations while farmers are using the
new N95 filtering-facepiece respirators. The field evalu-
ation will be performed during different tasks: feeding
animals, seeding, and harvesting. Tests related to animal
feeding will be performed during two seasons—fall and
winter, when the concentrations in the animal confine-
ments are expected to be most significantly
different. The field-testing will include both small- and
large-scale farming operations. The design of the pro-
posed laboratory and field experiments will include a
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combination of traditional time-consuming microbiolog-
ical methods and advanced dynamic and compact
aerosol measurement techniques. This dual approach
combined with our extensive experience on respirator
and bioaerosol studies will allow us to collect a repre-
sentative data bank in the shortest possible time. The
results will include dynamic measurements of respirato-
ry protection as a function of time and particle size. The
field-testing will be conducted for different agricultural
activities in different seasons. The data will provide the
basis for recommendations and, if desired, regulations
for the respiratory protection of agricultural workers
against organic dust. The methods developed and tested
in this study are critically needed for further epidemio-
logical and intervention studies in agricultural and other
occupational environments.

Use of Digital Imagery to Characterize
Rock Masses

Investigator: John Kemeny, Ph.D.

Affiliation:  University of Arizona
Tucson, Arizona
Telephone: (520) 621-4448

Keywords/Phrases: Imaging techniques, open-pit

slopes, underground pillars
Purpose:

To characterize the discontinuities associated with open-
pit slopes and underground pillars.

Abstract:

Ground failures are a serious problem for the U.S. min-
ing industry. Mine Safety and Health Administration sta-
tistics for 1994-1998 show that 47% of mine fatalities
and 16% of mine injuries in underground mines were
attributable to ground failures. In open-pit mines, statis-
tics from 1995 through 2000 revealed that 33 workers
were Killed in slope-failure-related accidents. This pro-
posal addresses three types of ground failures associated
with mining in the United States: (1) catch-bench failure
in open-pit mines, (2) large-scale slope failure in open-
pit mines, and (3) pillar failure in underground mines.
The behavior of rock masses is dominated by rock dis-
continuities. Rock discontinuities reduce the overall rock
mass strength and also provide specific pathways for
rock failure. Rock discontinuities are presently being
characterized with traditional methods, including scan-
line surveying, cell mapping, and geologic mapping.
These methods are time-consuming and hazardous on
unstable slopes; and even under the best circumstances,
only a small data set of discontinuity properties can be
obtained. The proposal is to use state-of-the-art imaging
technologies to characterize the discontinuities associat-
ed with open-pit slopes and underground pillars. Two
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primary imaging technologies will be investigated. The
first is the use of still digital cameras along with image-
processing software. The second is the use of high-reso-
lution laser-scanning devices. Each of these two tech-
nologies has advantages and disadvantages in different
circumstances. The plan is to investigate these two tech-
nologies and to determine how they can be used togeth-
er to provide superior information over a wide range of
surface and underground conditions. A 3-year project is
proposed. The first year will focus on open-pit gold and
copper operations in Nevada and Arizona. The second
year will focus on underground gold and stone opera-
tions in Nevada and other western states. Studies in the
first 2 years will include field studies, the processing of
field data, and the automated input of these data into geo-
mechanical models. In the third year, techniques will be
investigated to automate the process of acquiring image
information in the field in both underground and open-pit
applications.

Integrated Stability Mapping System for
Mines

Investigator: Keith Heasley, Ph.D.

Affiliation:  West Virginia University
Morgantown, West Virginia
Telephone:  (304) 293-7680

Keywords/Phrases: Stability mapping system, ground

falls, mining
Purpose:

To reduce the injuries and fatalities associated with
ground falls in underground mines.

Abstract:

This research will develop a state-of-the-art stability map-
ping system that tightly integrates geomechanical stress
analysis, geological mapping, and roof support design.
The primary output of this project will be a user-friendly
software program that takes the site-specific mining plan,
geology, and stability criteria as input and produces a map
of the mine showing the relative stability index of the dif-
ferent mining areas and the recommended support
requirements for those areas. The calculated stability
index in this program will include the appropriate geolog-
ic influences at the mine along with the geo-mechanical
stress effects from overburden depth, pillar design, adja-
cent seams, stream valleys, and other user-defined influ-
ences. The roof support recommendations in the program
will be derived from present NIOSH research. The pro-
posed software development will incorporate, modify, and
enhance present software (AutoCad—drafting/mine map-
ping, SurvCADD—geologic modeling, and LaModel—
mine stress analysis) as much as possible to speed the

development and provide software that is already familiar
to the mine design engineer.

Once the software is created, the program will be field
tested and validated with field studies at several mines.
Through this field-testing process, practical weighting
factors for the various inputs to the stability index and
practical support requirements can be developed and val-
idated. Also, by working with producing mines, the prac-
tical application of the developed software can be evalu-
ated and enhanced with input from practicing mine
design professionals. Ultimately, the final stability map-
ping system will be transferred to the mining industry
through publications, workshops, and other presentations
as appropriate.

Control Measures for Silica Exposures
for Tuckpointing

Investigator: William Heitbrink, Ph.D.

Affiliation:  University of lowa
lowa City, lowa
Telephone:  (319) 335-4213

Keywords/Phrases: Evaluation, vacuum cleaners,

exhaust ventilation, dust collection
Purpose:

To test the effectiveness of wet-dry vacuum cleaners.

Abstract:

During exterior building renovation, deteriorated mortar
is removed with a grinder to a depth of 1 to 2 cm and
replaced with new mortar in a process termed "tuck-
pointing.” Typically, the grinders used in tuckpointing
are 10 cm in diameter with a rotational speed of 10,000
to 12,000 rpm. During mortar removal, worker expo-
sures to reparable crystalline silica are as much as 5
mg/m3, a level 100 times the NIOSH recommended
exposure limit (REL) and approximately 50 times the
OSHA permissible exposure limit (PEL). Because of
these excessive exposures to respirable crystalline silica,
workers are at risk for developing silicosis. Dust control
is achieved by partially enclosing the grinding wheel
with a ventilated shroud. To exhaust air from the shroud,
a vacuum cleaner can be used, functioning as an air
mover and particulate collection device. Recently, vacu-
um cleaner bags and filters have become commercially
available for wet-dry vacuum cleaners. If these bags and
filters are shown to efficiently collect respirable dust,
wet-dry vacuum cleaners may be a useful control option
for dust control during mortar removal. They could also
meet the size and weight requirements for equipment to
be used on scaffolding that may be only 0.8 m wide, as
well as providing a cost-effective option in a competi-
tive, cost-conscious industry. Using laboratory and field
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evaluations, the proposed work will test the capability of
wet-dry vacuum cleaners to provide the needed exhaust
ventilation and dust collection. In the laboratory phase of
the study, the particulate collection efficiency of wet-dry
vacuum cleaner filter bags will be studied. For the vacu-
um cleaners to maintain exhaust flow rates necessary to
capture the dust, the filter bags must efficiently collect
enough dust to keep the final filters from becoming
clogged. The relationship between pressure loss and
exhaust flow rate will also be studied to characterize the
ability of the vacuum cleaners to move air. Laboratory
studies have shown that an exhaust rate of 2.2 m3/min
(80 cubic feet per minute [cfm]) is needed for optimal
control of the dust. The field phase of this project will
focus on the overall dust exposure implications of using
four wet-dry vacuum cleaners and one vacuum cleaner
with reverse-pulsing filters that discharge the dust into a
collection bag.

SBIR On-Board Diagnostic Sensor for
Respirator Breakthrough

Investigator: Debra Deininger, B.S.

Affiliation: Nanomaterials Research Corporation
Longmont, California
Telephone:  (720) 494-8401

Keywords/Phrases: Sensor, breakthrough, respirator

cartridges
Purpose:

To further develop a sensor that could be used to detect
breakthrough in respirator cartridges.

Abstract:

The investigators propose to develop an extremely sensi-
tive, low-temperature, low-cost, and miniaturized
chemiresistive detector that can be mounted inside a res-
pirator to warn users when toxic organic vapors are pres-
ent inside the respirator. The sensor will alert the wearer
when the respirator's filter cartridge has been consumed,
when the respirator doesn't fit properly, or when the res-
pirator has been compromised for any reason. Current
methods of predicting filter breakthrough are inexact and
inefficient. An active end of service life indicator would
provide a significant advance in worker safety.

The investigators demonstrated during Phase | that it is
feasible to use novel materials selection (including poly-
mers and nanoscale ceramic powders) to overcome pres-
ent limitations of solid state sensor technology, including
high operating temperature (300-400 °C), significant
power consumption (a result of the high operating tem-
perature), poor reproducibility from one sensor to the
next, and a lack of stability over time. The development
of new and unique polymer and ceramic composite sen-
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sors has resulted in a stable, reproducible sensor that is
responsive to a wide range of toxic volatile organic com-
pounds at temperatures well below current state of the art.
During the Phase Il, these results will be extended to
many more classes of organic compounds, and low-cost
packaging and electronic circuitry to power the sensor
will be developed. The resulting sensor will be marketed
to respirator manufacturers for integration into their prod-
ucts. Preliminary work has already attracted the attention
of a major respirator manufacturer who will provide
expertise on regulatory and packaging issues associated
with integrating this technology into a respirator.

A Device Eliminating Electrocutions by
Mobile Cranes

Investigator: Satish Mohan, Ph.D.

Affiliation: Technological Systems Research,
Design and Education
Williamsville, New York
Telephone:  (716) 689-4025

Keywords/Phrases: Construction, control technology,

fatalities
Purpose:

To develop and field-test an electronic sensor system that
will detect the voltage intensity and the distance of over-
head high-voltage power lines from mobile cranes.

Abstract:

The sensor system being developed will alarm the crane
operator when the crane boom is too close to a power
line. If the boom is dangerously close, the system will
trigger a loud alarm and a flashing light to warn the crane
operator and those working near the crane. A number of
sensors attached to the crane boom will be connected by
a powered sensor bus and a microprocessor in the opera-
tor's cabin. A smaller system using similar design will
also be developed for conductive scaffolds, aerial man-
lifts, boom trucks, and other self-propelled machinery
that make physical contact to a power line. At least 50%
of the crane manufacturers and rental companies are
expected to install this system on their cranes, saving
millions of dollars per year, 85 lives, 100 permanent total
disabilities, and 993 severe injuries. The system will be
field tested. Several crane manufacturers and rental com-
panies will be approached later for testing the system on
construction sites. Two companies will work in consor-
tium to develop the proposed system.
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Hearing Protector Allowing Acoustic
Communication

Investigator: Patrick Zurek, Ph.D.

Affiliation:  Sensimetrics Corporation
Somerville, Massachusetts
Telephone: (617) 625-0600

Keywords/Phrases: Hearing, noise

Purpose:

To develop an advanced prototype of a hearing protector
that combines maximum attenuation of ambient sounds
with signal processing that extracts the most important
components of the source field for controlled presenta-
tion to the user.

Abstract:

By processing the signal from a microphone array
mounted on the headband of a hearing protector, this
advanced hearing protector device will enhance desired
signals from a specified “look” direction relative to sig-
nals from other directions, allowing face-to-face acoustic
communication in many high-noise environments where
it would be impossible otherwise. In addition, the signal
processing allows the preservation of sound localization
ability. Work in Phase | developed implementations of
array-processing algorithms on a portable processor and
evaluations of their impact on listeners’ sound localiza-
tion and speech reception performance. The goal of
Phase II, a fully-specified prototype device ready for
manufacturing, will be achieved through work in (1)
development of algorithms for directional gating and
automatic spectral shaping, (2) development of the capa-
bility to deliver acoustic stimuli to ear canals with com-
bined hearing protection from muffs and insert plugs, (3)
active noise reduction in the combined-protection mode
for maximum sound reduction, and (4) electronic and
mechanical design to allow the microphones and circuit-
ry to be mounted entirely on the headband of a muff-
style hearing protector.

Field Studies with Innovative Safe
Excavation Technologies

Investigator: Leonard Bernold, Ph.D.

Affiliation:  North Carolina State University
Raleigh, North Carolina
Telephone:  (919) 515-3677

Keywords/Phrases: Confined space, traumatic injuries

Purpose:

To evaluate new excavation technologies for reducing
hazards that promise to radically reduce several hazards
related to backhoe excavation in construction.

Abstract:

This research will (1) extend the capabilities of the exca-
vator-mounted buried utility detection system (EM-
BUDS) (which is presently capable of locating metallic
pipes and power lines) so that it can locate plastic and
concrete pipe; (2) address the questions raised with the
pipe manipulator (PIPEMAN) about remotely setting the
bedding; (3) design and fabricate a smaller version of
PIPEMAN (PIPEMAN, Jr.) that can lay smaller pipes
such as polyvinyl chloride (PVC) and steel pipes and
investigate the issues of jointing the pipes that have
requirements that are different from concrete pipes; (4)
integrate the expanded EM-BUDS and PIPEMAN, Jr.;
(5) improve the human-machine interfaces of the EM-
BUDS, PIPEMAN, and PIPEMAN, Jr.; (6) demonstrate
the technologies at field sites; and (7) disseminate infor-
mation through journal articles, conference papers, and
\Web sites.

o Exposure Assessment Methods
Development «

Electrostatic Sampling of Airborne
Microorganisms

Investigator: Klaus Willeke, Ph.D.

Affiliation:  University of Cincinnati
Cincinnati, Ohio
Telephone:  (513) 558-0506

Keywords/Phrases: Sampler, microorganisms
Purpose:

To determine if the electrostatic sampler is capable of
retaining airborne microorganisms through laboratory
and field testing.

Abstract:

Each year, millions of respiratory allergies and infections
are caused by airborne microorganisms present in agri-
cultural, industrial, and indoor environments. The expo-
sure concentrations indicated by bioaerosol samplers
depend on the instrument used and the sensitivity of the
microorganisms. In an effort to collect such microorgan-
isms more gently, at low power, and at minimal pressure
drop, an electrostatic sampling technique has been devel-
oped and evaluated in the laboratory. As a major part of
this development, an electrostatic particle-size classifier
and a microorganism dispersion device with optional
induction charging were developed to study the electric
charges on airborne microorganisms. It has been experi-
mentally proved that laboratory-dispersed indoor air bac-
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teria such as Pseudomonas fluorescens have a net nega-
tive charge. Some of the bacteria were found to carry sev-
eral thousand negative or positive charges. In contrast,
particles of nonbiological origin were found to carry very
few positive or negative charges. This finding suggests
that the electrostatic sampler will be capable of retaining
airborne microorganisms by its electrostatic collecting
field without first charging the microorganisms in the
inlet section, thus reducing the complexity and power
consumption for sampling in occupational environments.
This will be evaluated in the laboratory with common
bacteria and fungal spores and in the field through sam-
pling of (1) microorganisms present in indoor air envi-
ronments, (2) liquid-borne microorganisms in metal-
working fluid environments, and (3) high concentrations
of airborne microorganisms in agricultural environments.
The new method will be used in occupational environ-
ments where airborne microorganisms are naturally pres-
ent or are released by industrial processes.

Pesticide Dose Monitoring in Turf
Applicators

Investigator: Shelley Harris, Ph.D.

Affiliation:  Virginia Commonwealth University
Richmond, Virginia
Telephone: (804) 828-1582

Keywords/Phrases: Statistical model, pesticides,

identification of health risks
Purpose:

To use a prospective cohort study to investigate and
develop a statistical model for the exposure of turf appli-
cators to pesticides.

Abstract:

One of the greatest barriers to obtaining useful results in
epidemiologic studies is the lack of adequate exposure
data. The broad, long-term objective of the proposed
project is to improve the assessment of pesticide expo-
sures in epidemiologic studies to permit the identifica-
tion of health risks (such as cancer) that would not oth-
erwise be found using traditional methods of exposure
assessment. This study has been designed to evaluate
total body dose of the commonly used pesticides MCPA,
mecoprop, dicamba, cyfluthrin and imidacloprid by
using biological urine monitoring in professional turf
applicators. Previously developed dose prediction mod-
els will be validated (mecoprop, dicamba) and adjusted if
necessary to improve dose prediction. The important
exposure variables or predictor variables that will effec-
tively predict total body dose in applicators without the
use of biological samples will be evaluated, and this
information will be used to determine exposure reduc-
tion strategies. Before the initiation of a full-scale field
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study, a comprehensive evaluation of the urinary excre-
tion of MCPA, cyfluthrin, and imidacloprid will be con-
ducted on a group of 10 workers. In the second year of
the study, a sample of 100 workers employed by a lawn
care company will be selected from approximately five
different franchises, and information concerning the use
patterns of pesticides for each employee will be
obtained. The total amount of each pesticide excreted in
the urine will be measured for two consecutive 24-hour
periods following a minimum of 3 workdays. This
process will be repeated three times: a spring evaluation
of herbicide exposure, a summer evaluation of insecti-
cide exposure, and a fall evaluation of herbicide expo-
sure. During each sampling period, information will be
obtained from each applicator on spraying practices,
hygiene practices, and other variables that may affect
their daily exposure to herbicides. Current pesticide use
reported by the applicators will be compared with actual
use data obtained from employer records. A previously
developed quantitative exposure prediction model that is
based on use records and other predictor variables will be
validated; and based on the newly collected data, new
models will be developed to better predict pesticide
exposures if deemed necessary. Recommendations to
reduce exposure to these pesticides are based on ques-
tionnaire and modeling data. They will be developed and
provided to the participating company and subjects. In
the short term, this type of research can be used to reduce
pesticide exposures by identifying cost-effective controls
in both occupational and environmental settings. In the
long term, this research may help reduce both acute and
chronic health risks.

Inhalation Dosimetry/Exposure Index of
Fiber Aerosol in Human Respiratory
Tract

Investigator: Yung-Sung-Cheng, Ph.D.

Affiliation: Lovelace Biomedical and Environmental
Research Institute
Albuquerque, New Mexico

Telephone:  (505) 845-1034

Keywords/Phrases: Inhalation dosimetry, fiber aerosol,

human respiratory disease
Purpose:

To generate information about the dosimetry of inhaled
fibers in the human respiratory tract.

Abstract:

Exposures to airborne ashestos and manmade vitreous
fibers (MMVFs) increase the incidence of lung cancer,
asbestosis, and mesothelioma. Fibers that are deposited in
the bronchial and alveolar regions and subsequently
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translocate to the parenchyma are thought to be responsi-
ble for the development of these diseases.
Physicochemical properties of fibers, including length,
diameter, and durability in the lung, are major factors in
the etiology of these lung diseases. Because inhalation is
the main route of exposure, the deposition pattern in the
respiratory tract as a function of fiber dimensions is new
information critical to understanding respiratory dosime-
try and defining the index of exposure for health protec-
tion purposes. Controlled studies of fiber deposition in
human volunteers are not available because of ethical
concerns; however, total and regional depositions of
inhaled fibers have been estimated from postmortem
measurement, mathematical modeling, and animal toxic-
ity studies. Increasingly, mathematical deposition models
have been used to assess the dosimetry of inhaled
MMVFs; however, current lung dosimetric models for
fibers in the human respiratory tract are based on theoret-
ical equations that have not been verified with experi-
mental data. This proposal has three objectives: (1) to
develop experimental information about the deposition of
fibrous aerosols as a function of fiber diameter and length
in realistic human respiratory tract replicas; (2) to verify
and improve the prediction of fiber dose estimate in
human lungs using both empirical data as well as a com-
putational fluid dynamic technique; and (3) to define a
size-selective exposure index based on fiber penetration
data. Because lung diseases caused by inhaled fibers
occur in the bronchial, alveolar, and parachymal regions,
a thoracic fraction defined as the fraction of particles pen-
etrating the larynx and reaching the lung must be estab-
lished and will be defined from experimental data
obtained in this study. This research will generate essen-
tial information about the dosimetry of inhaled fibers in
the human lung, data for an improved mathematical lung
deposition model, and a definition of the thoracic fraction
of fibers for exposure assessment. Sampling devices
based on this size-selection definition can be developed in
the future for improved assessment of worker exposure.

Novel and Noninvasive Method of Dermal
Sampling for Exposure Assessment

Investigator: Samir Mitragotri,

Ph.D.Affiliation: University of California
Santa Barbara, California

Telephone:  (805) 893-7532

Keywords/Phrases: Exposure assessment, skin, toxic

chemicals
Purpose:

To develop a new method for exposure assessment of
toxic chemicals in the skin.

Abstract:

The overall objective of the proposed studies is to devel-
op a novel method of collecting contaminants from the
skin to assess cutaneous exposure to hazardous materi-
als. This method uses low-frequency ultrasound in com-
bination with surfactants to extract contaminants from
the superficial and deeper layers of skin in a controlled
manner. Contaminants extracted in this way will be
assessed using analytical methods to assess the exposure
of the individual to hazardous substances.

Because of its large size, skin offers one of the most vul-
nerable organs for exposure to contaminants. One of the
major issues in assessing skin exposure is the lack of
methods to collect samples in a controlled way.
Accordingly, better methods of meaningful sample col-
lection are desired. In the proposed studies, the investi-
gators plan to address this challenge. They hypothesize
that a short application of low-frequency ultrasound
along with surfactants can be used to extract contami-
nants from a fixed area of skin painlessly and noninva-
sively. The extracted sample can then be analyzed to
assess dermal exposure to contaminants. The specific
objectives of the proposed studies are as follows: (1)
assess the composition of the ultrasonically collected
sample, (2) assess the mechanisms of the ultrasonic sam-
ple collection, and (3) assess the safety issues of ultra-
sound application.

Improved Methods for Dermal Exposure
Estimation

Contact: Gerald Kasting, Ph.D.

Affiliation:  University of Cincinnati
Cincinnati, Ohio

Telephone:  (513) 558-1817

Keywords/Phrases: Model, percutaneous penetration,

tissue concentrations, clearance
Purpose:

To develop a mathematical model that closely resembles
dermal exposure in human skin in vivo.

Abstract:

The investigators propose to develop a sophisticated yet
accessible mathematical model that closely mimics percu-
taneous penetration, tissue concentrations, and clearance in
human skin in vivo. This development will significantly
advance the mechanistic understanding of allergic and irri-
tant dermatitis and the mechanics of dermal exposure
assessment. This objective will be accomplished through
the construction and experimental verification of physio-
logical and physical properties-based models for percuta-
neous absorption incorporating features not found in the
mathematical models presently used to estimate dermal
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exposure. Successful completion of the aims of the propos-
al will lead to the following: (1) an experimentally verified,
microscopic model of transport in human stratum corneum
and skin appendages (hair follicles, sweat glands); (2) a der-
mal vascular model that allows accurate predictions of per-
meant concentrations and clearance in the viable skin lay-
ers; (3) a transient diffusion model for calculating dermal
absorption subsequent to low-to-moderate exposures to
potentially volatile compounds; (4) a skin hydration model
for linking the above with steady-state permeability models
presently in use; and (5) an easy-to-use spreadsheet for der-
mal exposure calculations incorporating the most important
features from the investigation. The research methods
include modeling transport in heterogeneous structures and
advanced graphical representation of these results. Detailed
examination of stratum corneum ultra structure and micro-
transport properties will involve laser scanning confocal
microscopy, fluorescence photobleaching, and other light
microscopic techniques. Determination of diffusivities and
partition coefficients of selected permeants in stratum
corneum, epidermis, dermis, and hypodermis and the role
of protein binding on these values will be assessed.

Predicting Relative Workload During
Physically Demanding Work

Investigator: Tariq Abdelhamid, Ph.D.

Affiliation:  Michigan State University
East Lansing, Michigan
Telephone: (517) 432-6188

Keywords/Phrases: Model, metabolic demands,

workload
Purpose:

To develop a model for assessing the relative metabolic
demands of work without the need to directly measure
maximum aerobic capacity.

Abstract:

Many work physiologists recommend expressing meas-
ured oxygen uptake as a percentage of maximum oxygen
uptake (V02max), commonly known as relative work-
load, since it provides a subject-specific workload. In
addition to accounting for individual differences in phys-
iological capacities among workers, relative workload
also enables more accurate assessment of potentials of
physical fatigue.

Once a subject's V02max is known, the determination of
relative workload is arithmetically simple. Determining
VV02max is accomplished through the use of direct
(exact) measurement or prediction techniques. Exact
measurement of V02max is impractical for applied
research because of its intensive and intricate laboratory
procedures as well as the risks it poses for unfit subjects.

Extramural Projects

Prediction techniques offer an attractive alternative with
numerous linear and nonlinear regression techniques
available. The aim of this research is to develop a practi-
cal and direct method to predict relative workload from
in situ collected submaximal oxygen uptake data without
the need to determine maximum oxygen uptake. The
method is developed by modeling the human cellular uti-
lization system as a stochastic system. The method is
based on the hypothesis that oxygen uptake data are seri-
ally dependent and that, by exploiting this dependence
using time series analysis techniques, a regression model
between relative workload and a statistical characteristic
of collected oxygen uptake data can be developed. If
successful, the technique proposed in this project will
improve our understanding of the physical demands on
today's workforce doing today's work. This technique
will have widespread application in identifying exces-
sively demanding tasks and matching these tasks to the
abilities of subjects.

Validation of Biomarkers in Humans
Exposed to PAHs

Investigator: Qingshan Qu, M.D.

Affiliation:  New York University
Tuxedo, New York
Telephone:  (845) 731-3567

Keywords/Phrases: Validate biomarkers, polycyclic

aromatic hydrocarbons, risk assessment
Purpose:

To validate biomarkers for polycyclic aromatic hydro-
carbons (PAHSs) for use in risk assessment of humans
exposed to PAHSs at low ambient concentrations.

Abstract:

Polycyclic aromatic hydrocarbons (PAHs) are wide-
spread environmental contaminants due to significant
contributions from incomplete combustion of fossil fuels
and other organic materials. Exposure to PAHs has been
associated with lung and skin cancer in occupational set-
tings, and a potential for increased risk of cancer in
humans exposed to PAHs at low ambient concentrations
is now becoming a major public concern. To address this
problem, a variety of biomarkers have been developed to
index the exposure concentrations or biological effects of
PAHSs. However, the validity of their applications in risk
assessment of PAHs at low concentrations is uncertain.
This proposed study will mainly focus on validating
these biomarkers in a Chinese population with broad
ranges of exposure to PAHs. The biomarkers to be vali-
dated include urinary 1-hydroxypyrene, DNA and pro-
tein (hemoglobin and albumin) adducts, and p53 protein.
In addition, the polymorphisms of genes, including
CYP1Al1, microsomal epoxide hydrolase (mEH),
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GSTM1, and p53 genes will be identified to assess gene-
environment interactions. For this purpose, the investi-
gators will conduct a study with five projects included.
The aims of this study are to (1) determine whether these
candidate markers can at least reliably detect differences
between workers with relatively high levels of exposure
and unexposed subjects; (2) examine the reproducibility
of these biomarkers and assess their inter- and intra-indi-
vidual variability; (3) estimate the effective half-lives of
the exposure markers and evaluate whether they relate to
the most current exposure or to integrated exposures over
a period of time; (4) determine whether these markers
can be reliably used to differentiate between unexposed
subjects and exposed subjects at low ambient concentra-
tions and to characterize their exposure-response rela-
tionships; (5) investigate the specificity of these bio-
markers and identify possible effects of general con-
founding factors such as smoking, diet, age, and gender,
on the concentrations of these markers; and (6) evaluate
how gene polymorphisms of CYP1Al, GSTM1, mEH,
and p53 interact with PAH exposure in relation to the
concentrations of all candidate biomarkers. The ultimate
goal of this study is to determine whether or not these
biomarkers can be useful as markers for risk assessment
in humans exposed to PAHs at low ambient concentra-
tions in future large-scale epidemiological studies.

Biological Monitoring of Wood Smoke
Exposure

Investigator: Christopher Simpson, Ph.D.

Affiliation:  University of Washington
Seattle, Washington
Telephone:  (206) 543-3222

Keywords/Phrases: Biological markers, wood smoke,

workers
Purpose:

To develop biological markers of human exposure to
wood smoke.

Abstract:

A validated biomarker of wood smoke exposure will
facilitate exposure assessment for studies investigating
adverse effects of wood smoke exposure in humans and
could be used to evaluate the effectiveness of interven-
tions to reduce wood smoke exposure in domestic and
occupational settings. Exposure of humans to high levels
of wood smoke is associated with adverse health effects
including asthma, respiratory disease, and cardiovascular
disease. In the United States alone, more than 100,000
people annually are exposed to elevated wood smoke
levels from wildfires, prescribed burns, and agricultural
field burning. In addition, each year 70,000 to 80,000
people involved in wildland fire fighting receive sub-

stantial occupational exposure to wood smoke.
Investigating the relationship between wood smoke
exposure and adverse health effects is hindered by inad-
equate methods of exposure assessment, which lead to
exposure misclassification. Also, the setting of commu-
nity-impact-driven guidelines for managed fires suffers
from a lack of exposure-response data.

The primary objective of this proposal is to develop bio-
logical markers of human exposure to wood smoke.
Preliminary work has shown that concentrations of a
number of substituted methoxylated phenolic com-
pounds are increased in urine following wood smoke
exposure. The investigators hypothesize that the dose-
dependent increase in urinary methoxyphenols after
ingestion or inhalation of wood smoke combustion prod-
ucts can be related quantitatively to environmental wood
smoke and thereby provide a biomarker basis for assess-
ing wood smoke exposure in occupationally and envi-
ronmentally exposed populations.

To test this hypothesis, the investigators plan to conduct
human exposures to wood smoke from an open fire.
Exposures will be characterized using time-integrated
personal sampling and area monitors. The following
parameters will be measured: particle mass, particle-
associated  methoxyphenols, and  vapor-phase
methoxyphenols. In addition, time-resolved exposures
will be assessed using data logging nephelometers at
fixed locations and personal nephelometers. Urinary
methoxyphenols will be determined before and after
wood smoke exposure by using gas chromato-
graphy/mass spectrometry. In addition, the investigators
plan to measure methoxyphenol levels in urine samples
collected from wildfire fighters. These workers have ele-
vated occupational exposure to wood smoke. A validated
biomarker of woodsmoke exposure will facilitate expo-
sure assessment for studies investigating adverse effects
of wood smoke exposure in humans and could be used to
evaluate the effectiveness of interventions to reduce
wood smoke exposure in domestic and occupational set-
tings.

Real-Time In Situ Aerosol Monitoring in
Mine Atmospheres

Investigator: Marc Baum, Ph.D.

Affiliation: Oak Crest Institute of Science
Pasadena, California
Telephone: (626) 817-0883

Keywords/Phrases: Instrument, aerosol monitoring,
mines

16



Purpose:
To test new instrumentation to look at near real-time
aerosol concentration measurements.

Abstract:

Exposure to aerosol and certain chemicals can constitute
an occupational health hazard in the mining and mineral-
processing industries. The pneumoconioses, also known
as the mineral dust diseases, have been associated with a
miner's cumulative exposure to mine aerosol in the res-
pirable range. They comprise a wide spectrum of condi-
tions, ranging from diseases characterized by diffuse col-
lagenous pulmonary reactions to relatively small lung
burdens of bioactive dusts (e.g., silicosis, asbestosis) to
diseases characterized by largely non-collagenous reac-
tions to heavy lung dust burdens (e.g., coal workers'
pneumoconiosis). The primary goal of the proposed
research is to develop and field-test an in situ, real-time,
continuous monitor of particulate matter and key
gaseous chemicals present in mine atmospheres. This
novel instrument will employ an array of complementa-
ry spectroscopic techniques to noninvasively probe an
adjacent air column for aerosols and gases that represent
an occupational hazard to miners. Optical signals from
the sensor will be interpreted automatically to yield bulk
chemical, size (for aerosols), and concentration informa-
tion about these toxic materials. Specifically, the sensor
will be designed to characterize mineral (silica and
asbestos) and diesel exhaust (soot) particulate matter as
well as measure gas-phase pollutants such as methane,
hydrogen, and polycyclic aromatic hydrocarbons. Long-
term objectives include the development of new compli-
ance measurement techniques that can also be used to
study the fundamental properties of mine aerosol. The
proposed field studies are expected to contribute to the
understanding of the dynamics of hazardous materials in
mine atmospheres. The instrument will be developed,
evaluated, refined, and tested in the laboratory, followed
by extensive field evaluations and measurements, includ-
ing (1) comparison studies with traditional methods
using the University of Minnesota variable residence
time micro-dilution system for measurements of diesel
exhaust under controlled conditions, and (2) measure-
ments in a mine environment alongside traditional sam-
pling technology.

Real-Time, In-Use PM Measurement from
Diesel Engine

Investigator: Mridul Gautam, Ph.D.
Affiliation:  West Virginia University
Morgantown, West Virginia

Telephone: (304) 293-3111

Extramural Projects

Keywords/Phrases: Particulate matter, diesel engine,

mines
Purpose:

To measure and control respirable particulate matter pro-
duced by diesel engine equipment used in the mines.

Abstract:

The global objective of the proposed study is to accu-
rately measure and control the genotoxic respirable par-
ticulate matter produced by diesel-engine-powered min-
ing equipment. This study is aimed at highlighting dif-
ferences between the engine out particulate matter emis-
sions measured in a laboratory in accordance with the
new Mine Safety and Health Administration (MSHA)
regulations and the actual "real-world" particulate matter
exhaust emissions emitted by mining engines operating
over normal duty cycles in mine atmospheres. This study
proposes to employ a portable real-time particulate mat-
ter mass monitor to quantify the genotoxic exposures by
measuring diesel particulate matter (DPM) emissions
from tailpipes of mining engines. It is proposed that an
integrated approach be adopted that will involve a criti-
cal assessment of DPM exhaust emissions measured in
the laboratory as well as direct on-board DPM emissions
measured from engines operating in the mines. The
inability of the adequate on-board particulate matter
measurement technology that could consistently and
accurately measure DPM in underground mines resulted
in  MSHA’s requiring only in-laboratory engine
tests. Very recent developments in particulate matter
mass measurement systems may now enable in-field par-
ticulate matter exhaust emission measurements from
diesel engines. This would provide researchers with the
ability to evaluate the real-world contribution of particu-
late matter from diesel engines operating in the close
confines common to mining environments. Moreover,
this technology would provide a means of verifying in-
use performance of proposed emission-curtailing devices
and identifying emission control system failures in the
field. The proposing team's experience has highlighted
the imperative need to measure in-mine diesel particulate
matter exposures, since prior work for the West Virginia
Diesel Commission had shown that engines and exhaust
after treatment systems that have passed certification
tests in the laboratory may malfunction in the field, and
have emission levels significantly greater than the certi-
fication standards. Such technology is imperative to
accurately assess in-mine diesel particulate matter expo-
sures so that the mining industry can effectively safe-
guard the health and safety of miners while enhancing
the productivity and efficiency of mining operations.
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Statistical Problems in Occupational
Safety and Health

Investigator: Thomas Mathew, Ph.D.

Affiliation:  University of Maryland
Baltimore, Maryland
Telephone: (410) 455-2418

Keywords/Phrases: Exposure assessment, method

development, statistics
Purpose:

To develop a comprehensive set of statistical procedures
for analyzing data on workplace exposure to contaminants.

Abstract:

For this research, the statistical problems to be investi-
gated include calibration problems, detection limits, and
tolerance limits. These problems will be studied in the
context of models that include random effects, multivari-
ate models, and some alternative models that better
describe low workplace exposures (compared with linear
regression models). The proposed research work for
these models is motivated by two considerations: (1) typ-
ical exposure data cannot be treated as a simple random
sample from a homogeneous population and linear
regression models are very often inadequate (especially
at very low concentrations of the contaminant), and (2)
in the context of the suggested models, very little work
has been done on the issues of calibrations, detection
limits and tolerance limits. Results applicable to finite
samples are mostly lacking. This calls for a thorough and
comprehensive investigation of the above issues in the
context of the suggested models. The development of
results for finite samples will be a major goal. The
research based on the suggested models is expected to
result in methodology that is better suited and more accu-
rate for exposure monitoring in a wide variety of work-
place environments.

Making Heat Stress Assessment
Relevant Again

Investigator: Thomas Bernard, Ph.D.

Affiliation:  University of South Florida
Tampa, Florida
Telephone:  (813) 974-6629

Keywords/Phrases: Exposure assessment, heat stress
Purpose:

To update present assessment techniques for heat stress
to reflect contemporary occupational heat exposures.

Abstract:

Heat stress in the workplace can cause death or serious
harm, routinely causes workers to experience a range of
heat-related disorders, and is implicated as the contribut-

ing cause to injuries and accidents. Heat stress has been
part of many industrial processes from the time the
process was created, and it affects people at work and
play. Because it is so common, heat stress is frequently
discounted as an important hazard. The exposure assess-
ment method developed in the early 1970s uses an index
of the environment called the wet bulb globe temperature
(WBGT), with a threshold value that decreases with
increasing metabolic rate. The threshold curve establish-
es a sensitive measure for chronic, steady exposures to
heat stress while wearing a cotton work shirt and pants.
Short-term exposures and protective clothing greatly
limit the current WBGT method to the point that it is
often not applicable.

This research project will make the assessment process
relevant to contemporary occupational health exposures.
This will be accomplished by providing (1) WBGT
adjustments for different categories of clothing, (2)
information about the heat exchange properties of the
clothing for use in short-term evaluation schemes, and
(3) an empirical exposure limit based on clothing and
WBGT. In the first year, the WBGT adjustments and heat
exchange characteristics will be established for five
clothing ensembles by looking for a range of environ-
ments in which subjects representing typical workers can
maintain their body core temperatures at a moderate rate
of work. In the second year researchers will closely
examine the contribution of light, moderate, and heavy
work on the same factors for a representative set of cloth-
ing. In the third year, the emphasis will be on high heat
exposures that result in limited work times. This last year
will be the test of the heat exchange model and the
source of data for the empirical exposure limits.

Numerical Modeling of Size-Specific
Aerosol Concentration

Investigator: Michael Flynn, Sc.D.

Affiliation:  University of North Carolina
Chapel Hill, North Carolina
Telephone:  (919) 966-3473

Keywords/Phrases: Aerosols, algorithm

Purpose:

To develop numerical algorithms for predicting the con-
centration and size distribution of aerosols and to evalu-
ate the major uncertainties in applying such a tool to
occupational health problems.

Abstract:

Solutions to current challenges (such as modeling human
exposure to inhalable and respirable particles, estimating
the performance of size-selective aerosol samplers, and
optimizing the design of ventilation systems for particu-
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late control) are hindered by the lack of a comprehensive
mathematical modeling methodology. Health effects
such as chronic obstructive pulmonary disease are relat-
ed to both the toxicity of the material and the particle
size, as indicated in the size-selective sampling method-
ology for particles outlined by the American Conference
of Governmental Industrial Hygienists (ACGIH).

Computational fluid dynamics (CFD) is a promising
approach for these and other problems, but currently
there is not a viable method for predicting aerosol con-
centration fields and size distributions. There are also
many sources of uncertainty in the use of CFD simula-
tions, including the turbulence model selected, the
boundary conditions imposed, and the conceptual model
of reality input to the computer code. This research will
(1) provide a complimentary tool for use with CFD codes
to predict aerosol concentration fields and size distribu-
tions and (2) develop and apply a methodology to evalu-
ate uncertainties inherent in the use of this tool for occu-
pational and environmental exposure problems. The
aims are to (1) improve the existing computer algorithm
to take output from computational fluid dynamics soft-
ware and make predictions of size-specific aerosol con-
centration fields, (2) develop parallel implementations
on large-scale machines to investigate convergence of
the algorithm, (3) assess important sources of uncertain-
ty in the prediction of aerosol concentrations relevant to
occupational health problems, and (4) employ computa-
tional visualization tools to enhance interpretation of the
results and to improve worker education.

Molecular Analysis of Mycobacteria in
Cutting Fluids

Investigator: Jagjit Yadav, Ph.D.

Affiliation:  University of Cincinnati
Cincinnati, Ohio
Telephone: (513) 558-4806

Keywords/Phrases: Mycobacteria, metalworking fluids
Purpose:

To develop and apply practical DNA-based approaches
for real-time detection, quantitation, and identification of
mycobacteria in metalworking fluids.

Abstract:

Microbial contaminants, including nontuberculous
mycobacteria (NTM) in metalworking fluids (MWF),
have been implicated in occupational respiratory illness-
es. The research goals are to develop and apply practical
DNA-based approaches for real-time detection, quantita-
tion, and identification of mycobacteria in MWF for
understanding the prevalent strains and their sources,
growth, and survivability in commercial MWFs, includ-

Extramural Projects

ing those associated with hypersensitivity pneumonitis.
This project will (1) develop polymerase-chain-reaction-
based protocols for real-time detection and quantitation
of NTM in water-based MWEF, (2) screen field samples of
different commercial formulations of water-based MWFs
for NTM followed by strain-specific identification of the
NTM isolates using molecular typing methods, (3) inves-
tigate the sources and dynamics of growth and survival of
the selected NTM strains in MWF in use in the identified
industrial operations, and (4) characterize strains of NTM
in MWF samples associated with physician-diagnosed
cases of hypersensitivity pneumonitis.

New Methods for Evaluation of Organic
Dust Aerosols in Colorado

Investigator: Stephen Reynolds, Ph.D.

Affiliation: Colorado State University
Fort Collins, Colorado
Telephone:  (970) 491-3141

Keywords/Phrases: Methods, organic dust, agriculture
Purpose:

To develop better methods of measuring organic dust in
the agricultural environment.

Abstract:

More than 700,000 men, women, and children working in
livestock production are at risk for occupational lung dis-
ease from organic dust exposures. The goals of this proj-
ectare to (1) evaluate a novel recombinant factor C endo-
toxin assay using organic dusts from livestock environ-
ments, (2) evaluate new methods for measuring inhalable
particulates, endotoxins, and glucans/ergosterols that can
be used to help establish occupational exposure guidelines
for complex organic dusts in swine, poultry, dairy, equine,
and sheep environments, and (3) evaluate and develop
correction factors for direct-reading aerosol instruments
that can be used by practitioners for interventions. The
performance of inhalable samplers including the 10M,
IOM with Multifoam discs, and Button Sampler, will be
compared with traditional gravimetric methods in a labo-
ratory wind tunnel and in the field. The utility and per-
formance of these devices for measuring endotoxins and
glucans/ergosterols will also be determined. Analysis
using both assay (LAL and monoclonal antibody) and
chemical (mass spectrometry) methods will help elucidate
relationships between specific chemical components and
potency of these microbial products in the various organ-
ic dust matrices, ultimately providing better tools for epi-
demiologic studies and standard setting. In the same lab-
oratory and field experiments, two direct-reading devices,
the DataRAM and HAM, will be compared with the
gravimetric methods, and their performance will be char-
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acterized in response to particle size distributions deter-
mined using a Grimm. Suitability for practical applica-
tions in these environments will also be determined. A
unique aspect of this study is the evaluation of sampler
performance when influenced by wind, validating the
work performed at lowa under quiescent conditions.

Comparison of Concentrations at
Personal Exposure Sampling Location

Investigator: Steven Guffey, Ph.D.

Affiliation: West Virginia University
Morgantown, West Virginia
Telephone:  (304) 293-4607

Keywords/Phrases: Sampling methods, industrial
hygiene

Purpose:

To compare tracer gas and vapor concentrations taken at

different sites during highly challenging conditions.

Abstract:

Industrial hygienists estimate inhaled concentrations of
airborne contaminants using “personal” samples, which
are almost always taken at the lapel of the sampled sub-
ject (i.e., a worker). Despite the importance of the
assumption that lapel samples are representative of
inhaled concentrations, it has not been convincingly
demonstrated by published research, and significant
doubts remain that concentrations at the lapel are always
representative of inhaled exposures. It is quite plausible
that lapel samples are unrepresentative of inhaled con-
centrations for some exposure conditions and that lapel
samples bias results differently for different work envi-
ronments. Given the complexity of the fluid flows near
the body and the high variability of conditions in the
workplace, modeling the relationship between lapel and
inhaled concentrations for all exposure conditions is
practicable only with computational fluid dynamics
(CFD). However, with CFD and verification with exper-
imental data, it should be possible to find the effects of
important variables on (1) the levels of inhaled concen-
trations and (2) the errors associated with use of a surro-
gate sampling site instead of inhaled concentrations. It is
reasonable to suspect that one or more adequate surro-
gate sites for inhaled concentrations can be found among
the lapel, neck, sternoclavicular region, cheek, or fore-
head. Humans and mannequins in a wind tunnel will be
sampled under various conditions of cross-draft velocity,
cross-draft orientation, and source location to find the
conditions that produce the greatest deviations between
inhaled samples and surrogates. The experiments will
also explore the effects of breathing on sampling error at
the sampling sites. In addition, the scope of the findings
will be extended by use of CFD modeling. Finally, the

study will allow evaluation of the efficacy of modeling
human exposures using mannequins and CFD.

Investigating Principles of Workroom
Exposure

Investigator: Charles Feigley, Ph.D.

Affiliation:  University of South Carolina Foundation
Columbia, South Carolina
Telephone:  (803) 777-6360

Keywords/Phrases: Chemical hazards, workers,

exposure assessment
Purpose:

To develop more reliable exposure assessment methods
by investigating how physical factors in a workroom
govern worker exposure and its variation.

Abstract:

Assessing exposures of workers to chemical hazards is
an essential element of occupational epidemiology and
industrial hygiene. Exposure assessment, however, is
often the weakest link in research on the relationship
between chemical exposure and occupational disease.
Thus development of a more reliable basis for worker
exposure assessment methods is a critical need. The
physical factors of concern include work area airflow
characteristics, work area physical configuration, source
characteristics, and worker activities. The research will
(1) determine the effect of worker presence on the work-
room concentration fields and velocities, (2) determine
the effects of worker presence and activities on worker
personal exposure, (3) develop a deterministic model for
exposure assessment that accounts for the fundamental
physical determinants of workroom exposure, and (4)
evaluate the use of this model in several workrooms. An
experimental workroom will be built, allowing control of
dilution airflow rate and tracer gas emission, and simula-
tion of realistic workroom thermal characteristics.
Experiments will be performed to characterize work-
room concentration and velocity for different air inlets,
thermal conditions, and airflow rates. Then experiments
under the same environmental conditions will be per-
formed with a person present to represent a worker. The
"worker's" impact on the room velocity and tracer con-
centration will be determined. To provide additional
insight into the phenomena observed, some experimental
conditions will be simulated using computational fluid
dynamics. A deterministic model relating exposure to
room configuration, airflow, thermal boundary condi-
tions, and contaminant source characteristics will be
developed and implemented as an interactive computer
program. Then the model will be tested and refined by
application in several industrial workrooms.
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« Fertility and Pregnancy
Abnormalities

Endocrine Disruptors and
Neurodevelopmental Outcome

Investigator: Brenda Eskenazi, Ph.D.

Affiliation:  University of California, Berkeley
Berkeley, California

Telephone:  (510) 642-3496

Keywords/Phrases: Pesticides, neurological disorders,
reproductive hazards

Purpose:

To determine whether in utero exposure to endocrine-
disrupting (ED) pesticides, such as nonpersistent ED
pesticides and organochlorine pesticides, is associated
with adverse effects on the neurobehavioral development
of children.

Abstract:

Agricultural pesticide use may be the most significant
source of environmental endocrine disruptor exposure in
the United States. California, the leading agricultural
State in the Nation, is the only State that requires report-
ing of all agricultural pesticide use. The pesticide use
reporting data indicate that more than 600,000 Ib of ED
pesticides are used annually in the Salinas Valley alone.
On the basis of animal and human evidence, prenatal
exposure to other endocrine disruptors such as polychlo-
rinated biphenyls may result in neurodevelopmental
effects, and these outcomes may be one of the most sen-
sitive indicators of toxicity. Although animal studies sug-
gest that ED pesticides could affect neurodevelopment,
no studies to date have examined these effects in humans.

This research proposes to examine this relationship in
approximately 550 children from predominantly low-
income Latino farm worker families living in the Salinas
Valley of Monterey County, California. These children,
whose mothers were enrolled during pregnancy, are par-
ticipants of CHAMACOS, a study of the Center for
Children’s Environmental Health Research, which is
funded by the National Institutes of Health (NIH) and the
U.S. Environmental Protection Agency (EPA. This study
aims to investigate exposure to organophosphate pesti-
cides and potential health effects in children. The inves-
tigators will measure biomarkers of exposure to (1) 14
organochlorine pesticides in archived CHAMACOS
serum samples collected at 26 weeks of gestational age
and (2) 16 nonpersistent ED pesticides or their metabo-
lites in archived maternal urine samples collected at 13
and 26 weeks of gestational age.

Extramural Projects

The investigators will investigate the association of these
biomarkers with neurodevelopment of newborns and 6-,
12-, and 24-month-old children. Mothers will be inter-
viewed prenatally and postnatally about their sociode-
mographic characteristics, habits, housing, exposure,
work, and medical history. Geographic coordinates of
residences are determined in home visits and will be
linked to the pesticide use reporting data. This study will
provide the first data on exposure and health effects of
ED pesticides in a highly exposed population, complete
the exposure profile of CHAMACOS children, and tar-
get interventions to reduce child exposures.

Developmental Immunotoxicity of
Atrazine

Investigator: John Barnett, Ph.D.

Affiliation:  West Virginia University
Morgantown, West Virginia
Telephone:  (304) 293-2649

Keywords/Phrases: Immune system, atrazine, prenatal

exposure
Purpose:

To test the hypothesis that prenatal exposure to atrazine
will adversely affect the normal development of the
immune system.

Abstract:

Atrazine is the most heavily used single herbicide in the
United States, with estimates of approximately 82 mil-
lion Ib applied to crops each year. It has been detected
with very high frequency in the water in the United
States as well in many major aquifers. Thus farm fami-
lies are likely to be exposed to some concentration of
atrazine during a growing season and perhaps throughout
the year.

There is a relative paucity of published reports on the tox-
icity of atrazine, despite its very high usage. Also, we
were able to find only one published report on the
immunotoxicity of atrazine. This report showed a persist-
ent decrease in primary antibody response up to 40 days
after the administration of a single dose of atrazine. Other
immune parameters showed more transient effects. Thus
atrazine is immunotoxic in an adult exposed animal.

Many substances have been shown to have greater or dif-
ferent immunotoxicity when administered during the ges-
tation of the animal. The very high use levels of atrazine
and the potential for women to ingest atrazine during the
gestational development of their child create a case to
determine whether atrazine can affect the normal devel-
opment of the immune system. Therefore, this application
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seeks to test the hypothesis that prenatal exposure to
atrazine will adversely affect the normal development of
the immune system. This duplicates the paradigm of a
human ingesting atrazine during the gestation of her
child, nursing the child, and then assessing the immune
response of the young adult offspring. This hypothesis
will be tested by exposing gravid mice to atrazine
throughout the gestational period. The offspring of these
dams will be allowed to nurse their natural mother, will
be weaned at day 21 of life, and will be assessed for a
variety of immune parameters beginning at 6 weeks of
age. This duplicates the paradigm assessing the immune
response of the young adult offspring of a human who
ingests atrazine during the gestation of her child and then
nurses the child. The data will provide data to justify
mechanistic studies on the effect of prenatal atrazine
exposure on the developmental immune response.

Male Reproductive Effects from
Occupational Exposure to Boron

Investigator: Wendie Robbins, Ph.D.

Affiliation:  University of California
Los Angeles, California
Telephone: (310) 825-8999

Keywords/Phrases: Boron, epidemiology, male

reproductive toxicity
Purpose:

To investigate the relationship between workplace expo-
sure to boron-containing compounds (including boric
acid and borax) and adverse male reproductive effects.

Abstract:

In this epidemiologic study, boric acid has been identified
as one of the highest priority chemicals for human field
study. Prioritization was based on the strength of animal
data, estimated numbers of humans exposed in the work-
place, and lack of adequate reproductive health effects
data for the human. The results of some animal and
human studies may implicate boron as a reproductive
toxin. The need still exists for a definitive human repro-
ductive study. Therefore, this research will describe the
relationship between boron exposure and direct measures
of toxicity on male reproduction in (1) total sperm count,
sperm density, viability, motility, morphology, and sperm
MY chromosome ratios; (2) sperm chromatin integrity
measured by sperm chromatin structure assay (SCSA),
COMET, TUNEL, protamine | (P 1), protamines 2-4 (HP
2-4), and protamine 2 precursor proteins (HPI 1-2, HPS
1-2) in ejaculated sperm cells; and (3) blood and urine
steroid hormone markers, including testosterone, free
testosterone, serum hormone binding globulin, dihy-
drotestosterone, LH, FSH, estrone, estradiol, and estriol.
In addition, this research will describe the relationship

between boron exposure and indirect measures of toxici-
ty on male reproduction, including fertility history and
physical exam data. Also, it will describe the relationship
between workplace, environmental, and dietary sources
of boron with biomarkers of exposure and reproductive
effect. This research will contribute critical information
about the exposure level at which boron causes adverse
effects on human male reproduction. The information
could then be used to inform workplace practices and
policies to protect the reproductive health of thousands
of men who may be exposed to boric acid and other
boron-containing compounds in the workplace.

e Hearing Loss «

Hearing Hazards Associated with
Industrial Noise Exposures

Investigator: Roger Hamernik, Ph.D.

Affiliation:  Plattsburgh State University
Plattsburgh, New York
Telephone:  (518) 564-7701

Keywords/Phrases: Noise, hearing loss, metrics
Purpose:

To develop and test the validity of an alternative approach
to noise that will more precisely predict the audiometric
and morphological consequences of an exposure.

Abstract:

This study will show that an energy metric combined
with the statistical metrics of frequency- and time-
domain kurtosis and the joint peak-interval histogram
will provide necessary (and possibly sufficient) informa-
tion to evaluate the potential for hearing loss in an indus-
trial noise environment. Animals (chinchillas) will be
exposed to non-Gaussian, nonstationary noises having
the same energy and spectra as a Gaussian reference
noise (two reference noise conditions will be used, each
with spectral and level parameters typical of an industri-
al environment). Noise stimuli designed with very spe-
cific but diverse statistical properties will be produced
using recently designed software. New analytical meth-
ods developed in the laboratories over the past 3 years
involving the wavelet transform and higher-order, cumu-
lant-based inverse filtering will be applied to the contin-
uously sampled noise stimuli to extract temporal and
peak statistical properties of the noise stimulus. Effects
on hearing, quantified by pure-tone thresholds, otoa-
coustic emissions, and sensory cell losses, will be corre-
lated with the noise metrics to establish the validity of
these metrics.
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Prospective Study of Hearing Damage
Among Newly Hired Construction
Workers

Extramural Projects

Development of School-Based Hearing
Conservation Program for Use in Rural
Areas

Investigator: Noah Seixas, Ph.D.

Affiliation:  University of Washington
Seattle, Washington
Telephone:  (206) 685-7189

Keywords/Phrases: Hearing loss, construction, hearing
Purpose:

To monitor occupational noise exposure in newly hired
construction workers and characterize the effects of this
exposure on hearing acuity (via standard audiometry)
and distortion product otoacoustic emissions.

Abstract:

Noise-induced hearing loss is among the most common
occupational afflictions, especially to construction work-
ers. Hearing loss usually progresses unnoticed until it
begins to interfere with communication, decrease quality
of life and posing a serious safety hazard. Precise expo-
sure-response relationships for noise-induced hearing
loss are lacking, especially for highly variable noise
exposures as found in construction. In recent years, the
potential has been recognized for using distortion prod-
uct otoacoustic emissions (DPOAES) as a screening tool
for early hearing damage and possibly as a marker of
susceptibility for hearing loss. However, no prospective
studies have been conducted on DPOAES in relation to
well-characterized noise exposure and standard audiom-
etry. In this research, 400 construction apprentices and
100 medical students will be recruited. Each subject will
be given an audiometric exam and DPOAE measure-
ments every 6 months for 4 years. Baseline and followup
questionnaires will be used to characterize other risk fac-
tors for hearing loss, nonoccupational exposure to noise,
characteristics of work and use of hearing protective
devices. Noise exposure will be monitored twice yearly
on each subject using data-log in noise dosimeters in
conjunction with time/activity cards. Analyses will be
conducted to evaluate the relationships between noise
exposure (using average levels and variable exposure
metrics) and both audiometric changes and DPOAEs
while controlling for covariates. The relationship
between audiometric changes and DPOAEs will also be
assessed while controlling for noise exposure metrics
and covariates. The study will exploit the repeated meas-
ures design on a “naive” cohort and individual measure
or exposure to avoid and control problems of bias and
exposure measurement error.

Investigator: Gregory Flamme, Ph.D.

Affiliation:  University of lowa
lowa City, lowa
Telephone:  (319) 335-7497

Keywords/Phrases: Evaluation, hearing conservation,

grade schools
Purpose:

This project will develop and evaluate two hearing conser-
vation programs, one for children in the fourth grade of ele-
mentary school and one for children in the seventh grade.

Abstract:

A high prevalence of hearing impairment exists in rural
areas, and substantial impairments appear in adolescence
and early adulthood. Adolescents who work on farms or
in agribusiness are at a much greater risk of hearing
impairment than their peers. Training in hearing protec-
tion habits is needed before the onset of hearing impair-
ment, and school systems represent a logical place to
address this need. This project will develop and evaluate
two hearing conservation programs—one for children in
the fourth grade and one for children in the seventh
grade. The fourth grade program will include hearing
tests and an educational program designed to provide
knowledge about auditory anatomy and physiology,
knowledge about risk factors for hearing damage,
instruction in avoiding hearing damage, and signs of
hearing damage. The seventh grade program will consist
of hearing tests, education programs, information about
the use of hearing protection devices, display of the
sound levels produced by various sound producers (farm
equipment, shop equipment, etc.), and a simple proce-
dure to monitor daily exposure to noise that could pro-
duce hearing damage. The seventh grade program incor-
porates components of the health belief model and the
theory of self efficacy.

Noise, Solvents, and Hearing Loss

Investigator: Peter Rabinowitz, M.D.

Affiliation:  Yale University
New Haven, Connecticut
Telephone: (203) 785-7267

Keywords/Phrases: Noise, solvents, hearing loss
Purpose:

The study will investigate the effects of noise, solvents and
hearing in a longitudinal cohort study of 8,800 workers.
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Abstract:

Noise, one of the most prevalent occupational hazards
and is well recognized as a cause of high-frequency hear-
ing loss. But a growing body of evidence suggests that
organic solvents, also widespread in industry, may also
increase the risk of hearing loss. Longitudinal studies of
exposed workers are needed to further investigate this
possibility. Determining a dose-response relationship for
solvents and hearing loss could affect further efforts to
control exposures and prevent hearing loss.

This study will make use of the Alcoa database, a unique
longitudinal data set of a large working population that
includes a significant number of women and African
Americans. This data set contains both detailed exposure
information regarding noise and solvents, results of hear-
ing tests on employees in U.S. Alcoa, and evidence that
a significant number of workers are exposed to solvents.
The long-term goal of the study is to examine the effects
of chronic solvent exposure on hearing and the impact of
noise-solvent interactions on the auditory system. The
study will investigate these effects through a longitudinal
cohort study of 8,800 workers hired at Alcoa between
1983 and 1997. This study would be the largest to date to
examine noise, solvents, and hearing and it will allow
calculation of the relative risks of developing hearing
loss for solvent and noise-exposed workers. Modeling of
industrial hygiene sampling data will allow for cumula-
tive estimates of noise and solvent exposures. A nested
case control study will match cases of hearing loss iden-
tified in the cohort with controls by age at hire, year of
hire, and sex to further explore these relationships.

Adverse Effects of Noise on Hearing:
Basic Mechanisms

Investigator: Barbara Bohne, Ph.D.

Affiliation: Washington University
St. Louis, Missouri
Telephone:  (314) 362-7497

Keywords/Phrase: Threshold shift, chinchillas, hearing
loss

Purpose:

To define mechanisms related to how workplace noise

damages hearing.

Abstract:

Exposure to noise injures the cochlea, often irreversibly.
Depending on the intensity and duration of the exposure,
the ear may sustain a temporary threshold shift (TS) or
permanent threshold shift (PTS). Moderate hearing loss-
es may have devastating effects on all aspects of a per-
son's life, including oral communication, employment
opportunities, and the enjoyment of some of life's great-

est pleasures—the human voice, music, and the sounds
of nature. Several hypotheses exist on the pathogenesis
of TTS and PTS, but none have been proved. No hypoth-
esis has attempted to explain how workplace noise dam-
ages then destroys sensory cells, supporting cells, and
nerve fibers in the cochlea. This research will determine
how TTS and PTS are related, which existing noise-
damage hypotheses are most likely to be correct, and
what factors that are associated with increased noise sus-
ceptibility. In the studies proposed here, chinchillas will
be exposed binaurally for 24 hours to a 4-kHz or a 0.5-
kHz octave band of noise. The exposure level will be
either 95 dB or 85 dB sound pressure level (SPL). These
levels will produce a moderate TTS and sometimes a
PTS. Auditory brainstem response (ABR) thresholds
and distortion product otoacoustic emission (DPOAE)
levels will be monitored before and several times after
exposure. The outcome will provide information about
possible mechanisms of noise damage in the cochlea as a
basis for developing scientifically sound strategies for
reducing noise-induced hearing loss in humans.

Asymptotic Hearing Threshold Shift and
Otoacoustic Emissions in Chinchillas

Investigator: William Stauber, Ph.D.

Affiliation:  West Virginia University
Morgantown, West Virginia
Telephone:  (304) 293-1491

Keywords/Phrases: Temporary and permanent hearing

loss, chinchilla model, hearing differences
Purpose:

To use a survival-fixation chinchilla animal model to
address two important issues in noise-induced hearing
loss, the relation between temporary and permanent
hearing loss, and individual differences.

Abstract:

Exposure to noise injures the cochlea, often irreversibly.
Depending on the intensity and duration of the exposure,
the ear may sustain a temporary or permanent threshold
shift. Moderate hearing losses may have devastating
effects on all aspects of a person's life, including oral
communication, employment opportunities, and the
enjoyment of some of life's greatest pleasures—the
human voice, music, and the sounds of nature. Several
hypotheses exist on the pathogenesis of temporary and
permanent threshold shift, but none have been proved.
No hypothesis has attempted to explain how workplace
noise damages then destroys sensory cells, supporting
cells and nerve fibers in the cochlea. The studies pro-
posed here will (1) determine how temporary and perma-
nent threshold shift are related, (2) determine which
existing noise-damage hypotheses are most likely to be
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correct, and (3) identify factors that are associated with
increased noise susceptibility. Chinchillas will be
exposed binaurally for 24 hours to a 4-kHz or a 0.5-kHz
octave band of noise. The exposure level will be either 95
dB or 85 dB sound pressure level. These levels will pro-
duce a moderate temporary and sometimes a permanent
threshold shift. Auditory brainstem response thresholds
and distortion product otoacoustic emission levels will be
monitored before, and several times after exposure. The
survival-fixation technique will be used to preserve an
animal's two cochleae at two different times. Thus, each
animal will provide two “shapshots” of the dynamic
structural changes that which occur postexposure. This
technique is effective because there is excellent left-right
correlation with respect to damage when both cochleae
are preserved simultaneously. Problems with data inter-
pretation resulting from interanimal variations in noise
susceptibility will be minimized. Because survival-fixa-
tion preserves the presumed in vivo relation between the
stereocilia and the rectorial membrane (TM), this project
will examine alterations in the TM-stereocilia relation-
ship at different intervals postexposure. Hypotheses to be
tested include temporary threshold shift results from pil-
lar buckling and sagging of the reticular lamina that
uncouple the stereocilia from the TM; temporary thresh-
old shift disappears when the pillars are repaired, the
height of the organ of Corti is restored, and the stereocil-
ia are recoupled to the TM. Quantitative data on hair-cell
and pillar losses and damage will be collected, compared
between each animal's left and right cochleae, and corre-
lated with auditory brainstem response threshold shifts
and distortion product otoacoustic emission changes. The
goal is to provide information on possible mechanisms of
noise damage in the cochlea as a basis for developing sci-
entifically sound strategies for reducing noise-induced
hearing loss in humans.

¢ Indoor Environment o

Floor Supply Ventilation System

Investigator: Qingyan Chen, Ph.D.

Affiliation: Massachusetts Institute of Technology
Cambridge, Massachusetts
Telephone:  (617) 253-7714

Keywords/Phrase: Indoor air quality, ventilation

Purpose:

To assess the performance of a floor supply ventilation
system in terms of indoor air quality, thermal comfort,
energy consumption, and costs.

Extramural Projects

Abstract:

Indoor environment is important to a worker's health and
welfare because more than half of the U.S. workforce is
employed indoors. Also up to 90% of a typical worker's
time is spent indoors. A worker's productivity is related
to factors in the indoor environment such as the indoor
air quality and thermal comfort. Displacement ventila-
tion seems to be a good ventilation system to improve the
indoor air quality with an acceptable thermal comfort
level. The widely used side-wall-supply displacement
ventilation generates recirculations in the occupied zone
of a large office or a workshop. These recirculations
present the risk of cross infection between the workers.
The floor-supply displacement ventilation could be a
solution to avoid the recirculations. On the other hand,
the floor-supply system could not remove a high cooling
load (which is often found in most U.S. offices and
workshops) because the cold air is directly supplied to
the occupied zone. This proposed research will optimize
the floor-supply ventilation system to minimize the risk
of cross infection among the workers in large offices and
workshops with suitable air supply and exhaust loca-
tions. The investigation will also improve the design of
the floor-supply displacement ventilation system for the
removal of a high cooling load without a draft risk. The
research will use numerical simulations through compu-
tational-fluid-dynamics (CFD) to reduce the costs.
Nonetheless, detailed and high quality experimental data
will be obtained in a full-scale environmental chamber,
and the data will be used to validate the CFD results. The
parameters to be studied in this research include perfo-
rated degree, ventilation rate, supply air temperature,
exhaust location, floor insulation, space size, furniture
arrangement, etc., for five different climate regions in the
United States. The results can be used to design the ven-
tilation systems in large offices and workshops that pro-
vide a healthy and comfortable indoor environment.

Health and Socioeconomic Consequences
of Nonspecific Building-Related lliness

Investigator: Carrie Redlich, Ph.D.

Affiliation:  Yale University
New Haven, Connecticut
Telephone: (203) 737-2817

Keywords/Phrase: Indoor air quality, nonspecific
building-related illness, office workers

Purpose:

To determine the health and socioeconomic conse-

quences of nonspecific building-related illness (or sick

building syndrome) in workers diagnosed with this

prevalent disorder.
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Abstract:

More than half of the U.S. workforce is now employed in
indoor nonindustrial environments. Various symptoms
and illnesses have increasingly been reported in such
nonindustrial indoor environments. Nonspecific build-
ing-related illness (NSBRI) refers to a common nonspe-
cific disorder that is usually associated with a particular
building. Although objective physiologic abnormalities
are generally not noted, NSBRI can be extremely
unpleasant and an important cause of disability and lost
work time. This project will (1) identify and classify
NSBRI cases using several different case definitions of
NSBRI, (2) determine associations between the different
case definitions and the various outcome variables, (3)
characterize the natural history of NSBRI following diag-
nosis, (4) determine which host factors (i.e., age, marital
status, initial symptoms) and workplace factors (i.e., job
stress, work environment) are associated with disease
progression and severity, (5) determine the effect of
NSBRI on socioeconomic outcomes (i.e., work-disabili-
ty, employment status, financial status), and (6) deter-
mine which host factors and workplace factors are asso-
ciated with more adverse socioeconomic outcomes. The
overall study design will be a retrospective longitudinal
follow-up study of 75 patients diagnosed with NSBRI
from 1994 to 1999. A similar group of 75 musculoskele-
tal patients matched on age, sex, and year of diagnosis
will be used as controls for the socioeconomic analysis.
Phone interviews will assess symptoms, general health,
functional status, disability, stress, and socioeconomic
status since diagnosis of NSBRI. This study should iden-
tify diagnostic criteria, increase our understanding of the
natural history and socioeconomic consequences of
NSBRI, and identify risk factors. This information is crit-
ical for developing of interventions to prevent and/or
ameliorate the adverse consequences of NSBRI.

An Indoor Environment Design Tool for
Entire Buildings

Investigator: Jelena Srebric, Ph.D.

Affiliation:  Pennsylvania State University
University Park, Pennsylvania
Telephone: (814) 863-2041

Keywords/Phrase: Ventilation, indoor air quality, models

Purpose:

To develop an integrated design tool to analyze com-
bined problems of indoor air quality and thermal comfort
for an entire building.

Abstract:

Indoor environment is important to a worker's health and
welfare because more than half of the U.S. workforce is

employed indoors, and up to 90% of a typical worker's
time is spent indoors. Also, worker's productivity is relat-
ed to factors in the indoor environment, such as the
indoor air quality and thermal comfort. Poor indoor envi-
ronment design has cost billions of dollars as a result of
the lost productivity of the working American. The inte-
grated design tool for this study will consist of three
major components: building models; a heating, ventilat-
ing, and air-conditioning (HVAC) model; and mass and
heat source/sink models. The building models will use a
simplified computational-fluid-dynamics model to cal-
culate indoor air quality (IAQ) and thermal comfort in a
single zone and multi-zone model to link the heat and
mass transfer between zones for an entire building. The
HVAC model will use modules that can be easily used to
form different HVAC systems. The mass and heat
source/sink models will use the coupled program of the
simplified computational-fluid-dynamics and an energy
analysis program as well as various dispersion models.
The integrated design tool will be validated by experi-
mental data of IAQ and thermal comfort obtained in a
building. The integrated design tool can be used to eval-
uate IAQ and thermal comfort in terms of contaminant
concentrations, the mean age of air, ventilation effective-
ness, airflow pattern, air velocity, air velocity fluctuation,
air temperature, relative humidity, percentage of dissatis-
fied people due to draft, and percentage of predicted dis-
satisfied people in an entire building.

¢ Infectious Diseases «

A Case-Crossover Study of Sharps-
Related Injuries

Investigator: Murray Mittleman, M.D., Dr.P.H.

Affiliation: Beth Israel Deaconess Medical Center
Boston, Massachusetts
Telephone: (617) 632-7653

Keywords/Phrases: Risk factors, sharps-related injury,

case-crossover study
Purpose:

To conduct a case-crossover study of 1,000 health care
workers who sustain a sharps-related injury in one of six
hospitals in Boston and Baltimore.

Abstract:

The investigators will evaluate risk factors in the follow-
ing domains: (1) worker-related factors, such as rushing,
fatigue, distraction and feelings of anger; (2) procedure-
related factors such as uncommon, unusual, or emer-
gency procedures; (3) workplace-related factors such as

26



working short-staffed, overtime, or while on call; and (4)
device-related factors such as use of an unusual or mal-
functioning device. They will also evaluate differences in
the risks between workers with differing characteristics
such as age, sex, profession, and history of prior sharps-
related injuries. The effect of risk factors in continuous
exposure settings such as operating rooms and intermit-
tent exposure settings such as inpatient units and outpa-
tient clinics will be evaluated. Injuries caused by sharp
medical devices are common, with an estimated 400,000
to 800,000 American health care workers injured each
year. Injured health care workers are at risk for blood-
borne viral illnesses, including hepatitis B and C, HIV
infection, and other less common diseases. Despite the
recent adoption of safer medical devices, the risk of
sharps-related injury remains unacceptably high.
Relatively little is known about potentially preventable
transient etiologic factors that immediately precede these
injuries. In a pilot study, 90 health care workers were
interviewed by telephone. Forty were nurses and 28 were
trainees. Twenty were injured while scrubbing in an
operating room or procedure suite and 15 had known
exposures to HIV or hepatitis C. Among the preliminary
findings, an increased risk of sharps-related injury was
associated with rushing (RR 5.1, 95% CI=3.0-8.7),
anger (RR 4.7, 95% Cl=1.9-12.2), distraction (RR 8.6,
95% Cl=4.3-17.2), and multiple passes (RR 3.1, 95%
ClI=1.6-3.5). There were trends toward higher risk while
working short-staffed and among surgeons working in a
bloody operative field. Trends toward lower risk were
seen with emergency procedures and while being taught.
Successful completion of this study may identify modifi-
able risk factors for hospital-acquired sharps-related
injuries. This knowledge may lead to individual and sys-
tems-level risk reduction interventions.

Body Substance Exposures: Risk Factors
and Psychological Impact

Investigator: Hilary Babcock, M.D.

Affiliation:  Washington University
St. Louis, Missouri
Telephone:  (314) 454-7947

Keywords/Phrases: Needlestick injuries, psychological

impact, risk factors
Purpose:

To determine the psychological impact in health care
workers of body substance exposures.

Abstract:

Working conditions affect the risk of body substance
exposures among diverse populations of health care
workers, including shift assignment, continuous hours of
work, hours awake, and degree of job experience.

Extramural Projects

Proposed work will use validated psychiatric assessment
tools to determine the psychological impact of body sub-
stance exposures in health care workers. Body substance
exposures pose a significant risk to health care workers
of bloodborne pathogen transmission. Prevention efforts
have focused on barrier precautions and more recently on
safety devices, whose efficacy may vary and whose cost-
effectiveness is unclear. Other risks such as organiza-
tional factors at work are still being explored. The psy-
chological impact of sustaining an exposure is poorly
documented. The primary aim is to determine the effect
of three safety devices (a needleless intravenous system,
"safety" peripheral intravenous catheter, and "safety"
butterfly) on needlestick injury rates and their cost-effec-
tiveness in a large multihospital system. This health care
system has a large, computerized occupational health
database to which large and small, urban and rural,
teaching and community hospitals report exposures
using a common reporting form. The second aim
addresses organizational factors that can affect the risk of
body substance exposures. A large survey of work sched-
ules and practices of exposed workers at nine hospitals
will be performed, and a nested case-control study will
be conducted at the largest hospital. The third aim is to
use validated psychiatric assessment tools to assess the
psychological impact of sustaining an exposure. These
effects will be studied immediately after the event and at
1- and 6-month intervals. These interventions will help
improve the occupational safety and health of health care
workers.

« Intervention Effectiveness
Research Methods «

Effectiveness of a Machine Guarding
Intervention

Investigator: David Parker, M.D.

Affiliation: Park Nicollete Institute
Minneapolis, Minnesota
Telephone: (612) 676-5220

Keywords/Phrases: Injury prevention, small business,

intervention
Purpose:

To (1) evaluate small machining and metal stamping
shops with regard to the availability, functionality, and
use of machine guarding, (2) identify critical factors for
implementing and conducting effective machine guard-
ing programs, including the identification and elimina-
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tion of barriers to program success, and (3) implement
and assess the effectiveness of an intervention that uses a
combination of control technology, regulatory guide-
lines, and worker/owner training in a randomized con-
trolled trial.

Abstract:

Amputations, a serious form of work-related trauma,
affect between 15,000 and 20,000 Americans each year.
Minnesota Sentinel Event Notification System for
Occupational Risk (MN SENSOR) data indicate that pri-
mary and fabricated metal industries have the fourth
highest rate of work-related amputations. The number of
potentially affected workers in these industries is several
fold greater than other high-risk industries. In addition,
amputations represent only a fraction of the cases of
upper extremity trauma.

In spite of the fact that many companies provide servic-
es to assist in the development of work-related safety
programs, their effectiveness has not been evaluated in a
controlled intervention study. In addition, little research
has been conducted on o hazard control within small
industrial establishments (4-50 employees). The inter-
vention will be designed using a health promotion
model. The investigators will work with an advisory
board of industry leaders and workers throughout the
proposed research study. A randomized controlled trial
consisting of two groups will be conducted. These
groups will consist of a control group (minimal interven-
tion) and intervention. A technical and peer-based inter-
vention will be conducted by peer educators. Shops in
both groups will be evaluated at the time they are
enrolled and 1 year after their initial evaluation (post
intervention). Two measurements will be developed for
this purpose: (1) self-administered worker and owner
surveys grounded in health promotion models and (2) an
evaluation by industrial hygienists of machine guarding
availability, functionality and use, and frequency of
machine use. The primary outcome is a change in shop
score that measures machine use and machine guarding
availability and functionality.

Active Control of Workplace Noise
Exposure

Investigator: Murray Hodgson, Ph.D.

Affiliation:  University of British Columbia
Vancouver, British Columbia
Telephone:  (604) 822-3073

Keywords/Phrases: Evaluate, noise control, workplace

Purpose:
To determine the feasibility and cost effectiveness of
applying active noise control to reduce workplace noise
exposure.

Abstract:

Excessive noise exposure is probably the most prevalent
of occupational exposures. Work-related hearing loss is
the greatest source of occupational disease claims. Noise
exposure can be controlled by the use of hearing protec-
tion and by administrative and engineering measures.
Engineering control traditionally involves “passive”
methods, which are not cost-effective at low frequency.
Recently, a new technique of noise control called active
noise control (ANC) was developed. This technique
involves using noise to cancel existing noise and is par-
ticularly effective at low frequencies. Industries with
workers exposed to significant low-frequency noise have
been identified and have agreed to support the project.
These industries work in fuel production, electrical
power generation, and sea transportation (ship engine
rooms). For active noise control to be feasible and effec-
tive, the noise workers are exposed to particular charac-
teristics. Measurements will be made of the relevant
characteristics of the noise in the target workplaces.
These will be analyzed to determine to what extent they
have the required characteristics. Using computer mod-
els, workrooms in the target sites will be modeled, and
possible ANC implementations will be evaluated. Lab-
based experiments will be performed to confirm and
fine-tune the optimum configurations. A number of
workplaces (three to five) will be chosen as validation
projects for on-site testing in actual workplaces. In each,
an optimized ANC system will be implemented, and the
resulting noise and noise-exposure reductions and the
system cost effectiveness will be evaluated. The results
of the research will be generalized to produce guidelines
for reducing noise exposure using ANC and to estimate
the expected associated noise reductions and costs (and
thus the system cost effectiveness) to be evaluated in
other workplaces.

Effectiveness of Computer-Based Hearing
Test and Training

Investigator: Oi Hong, Ph.D.

Affiliation:  University of Michigan
Ann Arbor, Michigan
Telephone:  (734) 936-8902

Keywords/Phrases: Construction, intervention, hearing,
training

Purpose:

To test the effectiveness of an intervention to increase the

use of hearing protection devices (HPDs) by operating
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engineers and construction workers who operate heavy
equipment.

Abstract:

Four aims will be addressed in this study: (1) design and
test the effectiveness of an innovative intervention for
operating engineers to increase their use of HPDs, (2)
determine prevalence of hearing loss in operating engi-
neers, (3) demonstrate the feasibility of providing com-
puter-based, self-administrated audiometric screening
tests (SAAST) and hearing protection interventions at a
construction worker training center, and (4) test and refine
the Predictors of Use of Hearing Protection Model (HPD),
a causal model designed to explain the use of protective
devices by operating engineers. This study will deliver the
intervention in an innovative format, building on recent
research findings regarding the effectiveness of individu-
ally tailored interventions. Furthermore, this proposed
project will assess the feasibility of providing computer-
based SAAST at a training center. Results from the pro-
posed project will provide a model for future intervention
research in the occupational safety and health area and
will aid in reducing a serious, preventable impairment—
noise-induced hearing loss.

Effectiveness of Computer-Based
Training: cTRAIN

Investigator: Kent Anger, Ph.D.

Affiliation:  Oregon University
Portland, Oregon
Telephone: (503) 494-2514

Keywords/Phrases: Training, computer-based, evaluation
Purpose:

To evaluate the effectiveness of cTRAIN (computer-
based training) program for workers.

Abstract:

This project identifies more than 100 Occupational
Safety and Health Administration (OSHA) workplace
standards that require training to minimize the risk of
disease or injury. Health and safety specialists have few
tools to inexpensively produce effective and customized
training that can be readily revised and ensure compe-
tency at completion. To fill this gap, the investigators
have developed cTRAIN, a computer-based training pro-
gram developed using behavioral training principles.
STRAW consists of both the computer-based training
program to teach the information and a “screenbuilder”
development environment for entering content to create
new programs. It features intuitive navigation and oper-
ation, automatic (computer-generated) spoken English or
Spanish as continuously available on/off options for all
text (entered in the appropriate language), plus a voice
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recording option (allowing other languages), self-pacing,
immediate feedback on quiz items, and a post-test with a
simple report on performance. Complementing the train-
ing program is a durable “O9BUTTON” response input
unit that does not put off the poorly educated (as do com-
puter keyboards); a keyboard option is also included. A
systematic evaluation of cTRAIN's effectiveness as an
intervention technique will assess in majority and minor-
ity (Latino) workers the basic training principles that are
built into the training program (e.g, specific versus
generic feedback, and computer-generated versus
recorded natural speech). Coincident with these experi-
ments, new cTRAIN programs (hazard communication,
sharps disposal, laboratory safety, eye safety, and tractor
safety) will be developed by content experts and
reviewed for both educational effectiveness (consistency
with established behavioral training principles) and
appropriate content. The new programs will then be pre-
sented to volunteer Caucasian and Latino employees in
education, construction, hospitals, and agricultural nurs-
eries. Learned knowledge (competency) after training
will be measured. Three months later, the subjects will be
assessed with the post-test (to assess retention) as com-
pared with the pretest. The effectiveness of the training
will also be evaluated by measuring behavioral change
after training compared with the same behaviors meas-
ured before training. In addition, feedback will be elicit-
ed from content experts to evaluate the potential for
adoption of the computer-based training program and the
“screenbuilder” environment.

Effects of an Ergonomic Intervention for
Computer Work

Investigator: David Rempel, M.D.

Affiliation:  University of California
Richmond, California
Telephone: (510) 231-5720

Keywords/Phrases: Musculoskeletal disorders,

intervention, ergonomics
Purpose:

To determine whether an ergonomic intervention pack-
age applied to computer-based customer service opera-
tors is associated with decreased risk of upper extremi-
ty/neck musculoskeletal disorder, arm or neck pain days,
hand function, and lost time and productivity.

Abstract:

No well designed, controlled studies have demonstrated
the value of “best practice” ergonomic interventions to
reduce the risk of musculoskeletal disorders and impair-
ment among computer operators. The primary aim of this
randomized controlled trial is to determine over a 12-
month period whether a state-of-the-art ergonomic inter-
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vention package applied to 175 computer-based cus-
tomer service operators is associated with a decreased
risk of upper extremity/neck musculoskeletal disorder,
arm or neck pain days, hand function, and lost time and
productivity. A control group consisted of 175 subjects.
Historical co-variates will be assessed with a baseline
questionnaire, and stability of co-variates will be verified
with an exit questionnaire. The intervention will include
an alternative geometry keyboard and mouse, large
wraparound forearm rest, monitor location adjustment,
vision check, chair adjustment, and training. The control
group will receive a new conventional geometry key-
board and training. Upper extremity and neck pain sever-
ity, hand function, and lost time will be followed with a
weekly questionnaire administered via the Internet. If a
predetermined pain threshold is exceeded, then a physi-
cal examination will be performed to determine whether
or not a musculoskeletal disorder is present. Multivariate
linear regression and logistic regression models will be
applied to examine main effects and to control for sig-
nificant co-variates. The study is designed to detect a
reduction of musculoskeletal incidence by half or a
medium effect size of the pain severity week score. The
total cost of implementing the intervention will be esti-
mated. Findings and recommendations will be dissemi-
nated statewide in cooperation with the California
Department of Health Services.

Effects of Physical Conditioning on Lifting
Biomechanics

Investigator: Kevin Granata, Ph.D.

Affiliation:  University of Virginia
Charlottesville, Virginia
Telephone:  (804) 982-0513

Keywords/Phrases: Low back disorders, conditioning,

biomechanics
Purpose:

To quantify how exercise and physical conditioning
modify the biomechanics of lifting in manual materials
handling and lifting tasks.

Abstract:

Occupationally related low back disorders (LBDs) are
the leading cause of lost workdays and the most costly
occupational safety and health problem facing industry
today. Epidemiologic surveys demonstrate that exercise
and physical conditioning may act as a prophylaxis to
reduce the incidence of occupational LBDs. Low-back
injuries have been attributed to spinal load and spinal sta-
bility during lifting and manual materials handling tasks.
Factors that contribute to spinal load and stability include
lifting technique, spinal kinematic coordination, trunk
muscle recruitment and co-contraction, and design of the

lifting task (weight, distance, etc.). It is proposed that
exercise can modify lifting, spinal kinematics, and mus-
cle recruitment patterns, thereby influencing biomechan-
ical risk associated with spinal load and stability. The
research team intends to investigate factors that might
contribute to improved spinal stability and reduced
spinal load during simulated manual materials-handling
tasks. Subjects will participate in an 8-week exercise
program in one of four protocols, including either aero-
bic exercise, strengthening, dynamic spine stabilization,
or control (no exercise). Spinal load and spinal stability
during simulated manual materials-handling lifting tasks
will be quantified before beginning the exercise pro-
gram, midway through, immediately upon completion of
the 8-week exercise program, and 4 weeks after termina-
tion of the exercise protocols. It is hypothesized that the
exercise programs will change the muscle recruitment
patterns and spinal kinematics of lifting, thereby modify-
ing spinal load and stability. This effort represents the
first randomized-control study of the effects of exercise
and physical conditioning on lifting biomechanics and
associated risk factors for LBD.

Designing Ergonomic Interventions for
Fire Service

Investigator: Karen Conrad, Ph.D.

Affiliation:  University of Illinois
Chicago, Illinois
Telephone:  (312) 996-7974

Keywords/Phrases: Ergonomic, interventions, fire

service workers
Purpose:

To develop and evaluate ergonomic interventions for
workers in the fire service providing emergency medical
and rescue operation.

Abstract:

The fire service remains one of the most hazardous
industries in this country, with its work-related injury
rates and total annual costs exceeding those for most
other occupations. Consistently over the years, muscu-
loskeletal injuries are the major type of firefighter injury,
particularly in emergency medical service (EMS) opera-
tions, which are much more frequent than fire suppres-
sion. The tasks performed during EMS runs contain
many of the same risk factors associated with muscu-
loskeletal injury (and specifically back injury) in other
occupations, including lifting, bending, pulling, twisting,
awkward postures, and heavy workloads. Unfortunately,
few studies have analyzed the biomechanical issues dur-
ing emergency rescue operations. In a previous study
funded by NIOSH, the investigators identified and quan-
tified the biomechanical and postural risk factors associ-
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ated with emergency rescue tasks in the fire service. The
investigators are now in a position to design, develop,
and evaluate targeted ergonomic interventions for this
population of workers. The research will develop and
evaluate up to 10 ergonomic interventions that reduce
biomechanical loads and are considered worthy of adop-
tion for use by the workers who perform emergency
medical/rescue (EMS) operations. The investigators will
be using a participatory ergonomic process much like
what has been advocated by NIOSH and others. The
aims of the proposed research are to do the following:
(1) in conjunction with fire service personnel, design
specific equipment and work method interventions that
address ergonomic concerns during EMS operations;
(2) develop and build equipment and refine work meth-
ods based on the design process; (3) test equipment and
refined work method interventions in a laboratory setting
using simulated EMS tasks; (4) refine and retest equip-
ment and methods as necessary based on participant
feedback and biomechanical results; and (5) implement
and evaluate the interventions in the field to obtain
usability and acceptability feedback from end users per-
forming EMS operations. The final product will be a set
of up to 10 successful interventions that are biomechan-
ically validated and superior to their existing counter-
parts and are judged to be worthy of adoption for use in
the field by the end-user firefighter/paramedics.

Innovative Health Care Worker Training:
Infectious Disease Risk

Investigator: Robyn Gershon, Dr.P.H.

Affiliation: Columbia University
New York, New York
Telephone: (212) 305-1186

Keywords/Phrases: Infectious disease, intervention,

simulation training
Purpose:

To develop, implement, and evaluate novel computerized
simulation training programs for the reduction of infec-
tious disease risk in registered nurses.

Abstract:

Health care workers, including nurses, are at risk for a
wide range of occupational health hazards, including the
risk from infectious diseases such as bloodborne
pathogens and tuberculosis. To reduce morbidity and
mortality associated with occupationally acquired infec-
tions, a number of risk management strategies have been
developed. Although safety training programs are
acknowledged as an important part of an overall risk
management strategy, there are a number of challenges
to effective health and safety training, especially in the
health care work setting. To address this problem, a mul-
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tidisciplinary team of researchers has partnered with two
large medical centers and a professional nurses' associa-
tion to evaluate an innovative approach to safety training
for nurses. Simulation exercises, shown to be an effec-
tive safety training method in other occupational set-
tings, will be developed using a participatory action
research format. The exercises, which target bloodborne
pathogens and tuberculosis, will be formatted into a
computerized, interactive Web-based program and
administered to 5,000 volunteer registered nurses who
will be recruited with assistance from our partner collab-
orators. Participants will receive CEU credits as an
incentive for participation. The exercises will be evaluat-
ed by multiple measurements using a risk behavior, the-
ory-driven questionnaire. Exercises and questionnaires
will be completed online at the study's Web site. Baseline
measures of employee knowledge, perceptions, attitudes,
behavioral intentions, current safety practices, and recent
past history of exposures will be collected from partici-
pants and followed by 3-month and 6-month followup
questionnaires. Analyses will be directed toward change
in pre- and post-risk behavior determinants as well as
nurses' satisfaction with simulation exercises and with
computer-based training formats. The results of this
study may have important implications for effective safe-
ty and health training for nurses.

Intervention Research on Work
Organization Factors and Health

Investigator: Chantal Brisson, Ph.D.

Affiliation:  University of Quebec
Quebec, Ontario
Telephone: (418) 682—7382

Keywords/Phrases: Interventions, work organization

factors, health impacts
Purpose:

To evaluate the benefits of interventions aimed at reduc-
ing adverse work organization factors and their health
impact.

Abstract:

The organization of work is considered a strong contrib-
utor to the development of musculoskeletal disorders.
Few studies have been conducted to date to evaluate the
impact of interventions aimed at concretely reducing
adverse work organization factors and the comprehen-
sive range of their health impact. The objective of the
study is to evaluate the benefits of interventions aimed at
reducing adverse work organization factors (high psy-
chological demands, low control, poor social support,
and effort-reward imbalance) and their health impact as
measured by ambulatory blood pressure, musculoskele-
tal disorders, mental health problems, and certified sick
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leave. The study has the following specific aims: (1) to
produce knowledge that will foster the development of
well-adapted interventions designed to concretely reduce
adverse work organization factors, (2) to systematically
document how the intervention is carried out (interven-
tion refers to organizational changes implemented to
concretely reduce the four targeted adverse work organi-
zation factors), and (3) to measure the extent to which the
intervention reduced the prevalence of adverse work
organization factors and the level of health outcomes.
This study will provide solid new findings that could be
used to prevent cardiovascular disease, musculoskeletal
disorders, and mental health problems—the most fre-
quent, costly, and debilitating health problems in the
working-age population.

Effectiveness of Intervention on Health

Investigator: Lisa Brosseau, Sc.D.

Affiliation:  University of Minnesota
Minneapolis, Minnesota
Telephone: (612) 624-3143

Keywords/Phrases: Written materials, small business,

workplace safety and health
Purpose:

To develop tailored written materials and test whether
they enhance small business owners’ beliefs about out-
comes that result from efforts to improve workplace
safety and health.

Abstract:

This research project will develop written materials to
emphasize those belief outcomes most highly associated
with high-intentioned owners, using written formats and
styles shown to be most attractive to small business own-
ers. The research will take place in two phases over
2 years. In the first phase, a wide variety of written mate-
rials in various formats (newsletters, magazines, newspa-
pers, brochures, etc.) and styles (case studies, personal
stories from owners and workers, cartoons, etc.) will be
developed and tested using a series of focus groups with
small business owners. Results will be used to determine
which styles and formats are ranked most highly by own-
ers in attractiveness, readability, and effectiveness in
delivering various safety and health messages. Six to
twelve separate written pieces will be developed incor-
porating the focus group results. In the second phase, the
effectiveness of written materials will be tested in a ran-
domized, controlled trial with 120 owners of small busi-
nesses. Owners in control and intervention groups (60
owners in each group) will complete a baseline survey of
intentions, attitudes and outcome beliefs toward improv-
ing safety and health. Owners in the control group will
receive monthly or bimonthly mailings of a trade

newsletter or journal. Owners in the intervention group
will receive the same materials along with tailored writ-
ten materials aimed at safety and health outcome beliefs.
At the end of the year, owners in both groups will be
asked to complete a followup survey measuring their
intentions, attitudes, and outcome beliefs. Owners in the
intervention group will also be asked for their opinions
about the materials they received. The difference in mean
pre- and post-study outcome beliefs (and perhaps inten-
tions and attitudes) is expected to be greater in the inter-
vention group than in the control group.

Evaluating Preassembly of Roof
Structural Components

Investigator: Pamela Kidd, Ph.D.

Affiliation:  Arizona State University
Tempe, Arizona
Telephone:  (480) 965-3948

Keywords/Phrases: Roof structural components,

effectiveness, impact
Purpose:

To examine the effectiveness of using preassembled roof
structural components in reducing injuries, reports of
pain and close calls, lost time, and costs compared with
conventional roof building methods.

Abstract:

In 1999, 21 per 10,000 construction workers in Arizona
sustained multiple injuries, and of these, 32% missed 31
days or more from work as a result of a fall to a lower
level. This study will examine the effectiveness of pre-
assembly of roof structural components in reducing costs
and lost work time related to injuries and pain. A quasi-
experimental design will be used to compare two meth-
ods of roof assembly—one from the ground (treatment)
and the other from an elevation (traditional/control).
Hypotheses are as follows: (1) Workers who participate
in the treatment group will experience less strain and
pain, fewer injuries, and fewer lost workdays; they will
also submit fewer worker compensation insurance claims
than those who participate in the control group; (2) work-
ers who participate in the treatment group will have
fewer close calls than those who participate in the control
group; and (3) costs associated with the treatment group
will be less than costs associated with the control group.
The training intervention effectiveness research (TIER)
model will provide the evaluation framework for the
study. Three framing trade companies (two treatment and
one control) will participate in the study. The evaluation
will include both a company-level and a worker-level
analysis. Eligible crews will be selected by the company
chief officer. Within the crew, full-time, native English-
or Spanish-speaking workers are eligible to participate.
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Data will be collected using (1) biweekly interviews of
less than five minutes (2) observation in person and
through photography, (3) document review, and (4) visu-
al analog and numerical rating of pain scales. The modi-
fication of the roof assembly process, if proved effective,
may serve as a form of safety intervention and may be
better accepted by both employer and worker than other
existing safety interventions (e.g., fall protection).

Evaluation of Farm Safety 4 Just Kids
Day Camps

Investigator: Deborah Reed, Ph.D.

Affiliation:  University of Kentucky
Lexington, Kentucky
Telephone: (859) 275-9636

Keywords/Phrases: Child agriculture, parental

attitudes, children’s knowledge
Purpose:

To evaluate the effectiveness of farm safety day camps
organized and executed through five Farm Safety 4 Just
Kids (FS4JK) Chapters in different regions of the Nation
with a variety of agricultural commodities and farm com-
positions.

Abstract:

This research will evaluate whether the farm safety day
camps positively influence (1) children’s knowledge
about farm safety and health, their safety attitudes, and
subsequent safety behaviors, and (2) parents’ attitudes
and behavior toward children’s farm safety behavior. In
addition, the effect of the camps on the local community
will be assessed. A multilevel, mixed-method evaluation
strategy that combines both quantitative and qualitative
data collection methods will be used to examine the
long-term effects of the day camps on children, their
families, and their communities. The design of the study
is a quasi-experimental, no-control-group, pre- and post-
test design with repeated measures that will be collected
over 18 months following children’s camp experience.
The partnership of local FS4JK Chapters, the North
American Farm Safety 4 Just Kids organization, and the
University of Kentucky provides a unique approach to
examining the effectiveness of FS4JK day camps. The
evaluation results can be used to help FS4JK with refine-
ments of future programs and will assist camp leaders in
articulating their theoretical framework, goals, and
objectives for the day camps.
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Effectiveness of Farm Safety Day Camps
for Children

Investigator: Debra McCallum, Ph.D.

Affiliation: Institute for Social Science Research
Tuscaloosa, Alabama
Telephone: (205) 348-3820

Keywords/Phrases: Child agriculture, evaluation, day

camp
Purpose:

To evaluate the “Progressive Farmer” Farm Safety Day
Camp Program.

Abstract:

Farm safety day camps are offered in hundreds of com-
munities across the country as a format for teaching chil-
dren safe methods of play and age-appropriate work on
farms and ranches. Little research has evaluated the
effectiveness of these 1-day, community-initiated events.
To help meet this need, the “Progressive Farmer” Farm
Safety Day Camp program began in 1995 to provide
nationwide support for interested individuals and groups.
The program was designed to meet the needs of local
community members who want to help children in their
area stay safe. It provides training, resources, support,
and networking opportunities needed to conduct a camp
that provides age-appropriate, effective lessons in topics
related to farm safety. Although providing such support
on a nationwide scale, the program is designed to be
community-based, as each camp is planned and conduct-
ed at the local level, pairing the support and materials
provided by “Progressive Farmer” with support provided
by local individuals and organizations. Camp process
evaluation will consist of surveys completed by the camp
coordinators and volunteers reporting data for their camp,
(including attendance, curriculum components used,
assessments of success, and suggestions for improve-
ments). The process evaluation will involve all camps
offered from March 2002 through October 2002. From
the camp coordinators, an Evaluation Advisory Group
will be formed to assist with plans for conducting the
evaluation and with plans for dissemination of the results
back to the communities that participate. Outcomes will
be evaluated using a sample of 30 camps and their sur-
rounding communities. Pre- and post-test surveys as well
as 3-month follow-up and 1-year follow-up surveys will
be administered to assess knowledge, beliefs, attitudes,
and behaviors of (1) children aged 8 to 13 who attend
“Progressive Farmer” day camps, and (2) a comparison
group of children in the same communities who do not
attend camp. Impact of the camps will also be evaluated
by asking about farm-related injuries in the pretest, 3-
month, and 1-year followup surveys. In addition to test-
ing for changes among campers across time and testing
for differences between campers and noncampers, a com-
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parison will be made between community-wide day
camps and school-based day camps or programs.

o Low-Back Disorders «

Ergonomic Assessment of Vineyard
Systems

Investigator: John Miles, Ph.D.

Affiliation:  University of California
Davis, California
Telephone:  (530) 752-6210

Keywords/Phrases: Ergonomics, musculoskeletal

disorders, agriculture
Purpose:

To assess vineyard systems that may cause ergonomic
injuries.

Abstract:

This project will take advantage of the coincidence of
important observations from a prior wine-grape vine-
yards study and a time-limited opportunity to initiate a
long-term intervention in exposures to risk factors for
wine-grape vineyard musculoskeletal disorders. During
the conduct of an existing study, it became apparent that
differing trellis systems involve disparate ergonomics
risk factors. Trellis systems serve as a major element in
what could be considered the vineyard worker's work
station. This research seeks to (1) identify and develop
detailed ergonomics measurements of risk factors for
musculoskeletal disorders and estimates of worker health
outcomes for each of the most commonly used wine
grape trellis systems; (2) facilitate use of information
about risk factors for musculoskeletal disorders associat-
ed with most commonly used wine-grape trellis systems
in trellis decision-making; (3) develop practice and
design parameters for reducing ergonomics risk factors
associated with most used trellis systems; and (4) add to
research knowledge about the association of specific
agricultural workplace ergonomics risk factors and mus-
culoskeletal disorders and their symptoms.

Spine Loading and Muscle Overexertion
During Repetitive Lifting

Investigator: William Marras, Ph.D.

Affiliation: Ohio State University
Columbus, Ohio
Telephone:  (614) 292-6670

Keywords/Phrases: Lifting equations, low-back
disorders, load monitoring, biomechanical
risk

Purpose:

To assess how exposure to different frequencies of lift

over time can result in unacceptable biomechanical risk

of low back disorders.

Abstract:

Although assessments have successfully evaluated occu-
pationally related low-back disorders (LBD) risk during
a single exertion, none have been able to effectively
assess how risk changes during repetitive lifting at vari-
ous lifting frequencies throughout a workday.
Preliminary studies point to two mechanisms of biome-
chanical risk. First, different lift frequencies affect lifting
kinematics and the subsequent muscle recruitment pat-
terns. These changes alter the nature (direction) and mag-
nitude of spinal loading, thereby exceeding spine toler-
ance limits. Second, exposure to a repetitive lift through-
out the workday can also result in muscle recruitment
pattern changes over the work period, thereby increasing
the spinal loading throughout the day. Thus, a lift fre-
quency that is acceptable early in the workday may
exceed biomechanical tolerance limits as the workday
progresses. This study will explore the changes in mus-
cle recruitment and spinal loading when workers lift one
of three weights (corresponding to the range of industri-
al exposures) at six different lift rates over extended
workdays. The frequency and duration of lift will be
judged risky and unacceptable when the spinal loads
exceed documented spine tolerance limits. These find-
ings will result in an understanding of the portion of the
population at risk for spine structure (disc) injury as a
function of load magnitude, lifting frequency, and lift
period duration. They will provide quantitative guidance
for the mediation of work-related LBDs for the millions
of workers performing materials handling tasks in man-
ufacturing and distribution center environments.

Biomechanical Psychosocial Risks for
Low Back Disorders

Investigator: William Marras, Ph.D.

Affiliation:  Ohio State University
Columbus, Ohio
Telephone: (614) 838-6670

Keywords/Phrases: Low-back disorders, manual

materials handling, workers
Purpose:

To investigate the role of biomechanical job demands
and psychosocial work characteristics in increasing the
risk of low-back disorders (LBDs) among employees in
manual materials handling jobs.
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Abstract:

The etiology of LBDs is complex and poorly understood.
Although a wealth of knowledge is associated with each
of the risk factors, a dearth of studies have rigorously
investigated both categories of risk factors in the same
work environment. Therefore, it is difficult to estimate
the contribution of each of these risk categories to the
overall risk for occupationally related LBDs. It is
hypothesized that risk factors make independent contri-
butions to the risk of LBDs and that psychosocial work
characteristics are more likely to increase risk for LBD
when biomechanical job demands are moderate to low
rather than high. The proposed study uses a prospective
cohort design. It significantly increases the standard of
scientific rigor of investigations in this area through (1)
reliable, valid, state-of-the art measures of both psy-
chosocial work characteristics and biomechanical job
demands, (2) assessments of exposure variables at multi-
ple points in time, (3) the use of an array of outcome
measures for LBD, including a validated, highly quan-
tifiable clinical assessment of low-back functional status,
and (4) adequate power to formally assess both additive
and potential interactive effects of the two categories of
risk factors. With adequate quantification of exposures,
the investigators will be able to accurately estimate the
extent to which exposures (both psychosocial and bio-
mechanical) need to be decreased to reduce LBD risk.
The researchers will also be able to discern when and
under what conditions an intervention to improve the
psychosocial work environment will be likely to reduce
the incidence of LBD and its associated morbidity
among manual materials handling employees.

Lift Aid Use in Reducing Injuries in
Nursing Personnel

Investigator: Paula Bohr, Ph.D.

Affiliation: Maryville University
St. Louis, Missouri
Telephone:  (314) 529-9515

Keywords/Phrases: Ergonomic intervention, mechanical

lift devices, nursing personnel
Purpose:

To utilize a pre-post comprehensive ergonomic interven-
tion study designed to increase use of mechanical lift
devices by nursing personnel and assess the benefits of
intervention.

Abstract:

The most prominent risks for injuries among health care
workers are associated with the physically demanding
tasks of lifting and transferring patients. The use of
mechanical lifts can lower the physical demands, but
nursing personnel do not regularly use the devices even
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when they are available. This pre-post intervention study
will focus on training acute care nursing personnel to
recognize the need for using the devices and to use them
correctly. Following 6 months of baseline data collec-
tion, the intervention will be implemented. The interven-
tion will consist of training sessions, periodic education-
al reminders, and encouragement by management to use
the lift devices. The study will evaluate the effectiveness
of the intervention using primary outcomes of symptom
prevalence and severity, job satisfaction, reported psy-
chosocial stressors, and reported and actual lift usage. In
addition, administrative records (workers' compensation
records and OSHA logs) will be evaluated as secondary
outcome measures. The study will also prospectively
identify personal and work organization factors that pre-
dict musculoskeletal injury and that limit the use of lift
devices by nursing personnel. Pre-intervention data col-
lection will include baseline musculoskeletal symptom
and job satisfaction survey, interviews to determine lift
usage, and actual lift usage from counting devices on the
lifts. Followup surveys will be used to collect symptom
and job satisfaction information approximately 12
months following completion of the training. Collection
of data for reported and actual lift usage will be ongoing
throughout the study period.

Reducing Low-Back Disorders Using a
New Sitting Design

Investigator: Mohsen Maksous, Ph.D.

Affiliation: Rehabilitation Institute of Chicago
Chicago, Illinois
Telephone:  (312) 908-7953

Keywords/Phrases: Chairs, biomechanical and

neuromuscular responses, lower back pain
Purpose:

To quantitatively compare the biomechanical and neuro-
muscular responses of subjects with lower back pain
(LBP) as they are exposed to chairs that incrementally
alter support to the ischial tuberosities in order to evalu-
ate possible benefits to subjects with LBP.

Abstract:

Work-related low-back musculoskeletal disorders are
common and affect a large portion of the workforce.
Occupational risk factors for LBP include sustained stat-
ic muscle load and inappropriate curvature of the spine
and pelvis. Sitting may cause backward rotation of the
pelvis, reduction in lumbar lordosis, changes in muscle
activities and disc pressure, excessive pressure over the
ischium and coccyx, and certainly the associated LBP.

This project will investigate a new seat design in which
the back part of seat (BPS) can be dynamically tilted
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down and up with respect to the front part of the seat
(FPS), providing adjustment of thigh and ischial support;
the seat is also equipped with back support that is
adjustable in height and volume. It was found in the pilot
study that sitting with lowered BPS and adjustment of
low-back support resulted in more evenly distributed
contact pressure, reduced peak pressure under the ischia,
increased total and segmental lumbar lordosis, a for-
wardly rotated pelvis, and increased lumbar interverte-
bral heights. The investigators believe that the function-
al relations of the seat and backrest need to be further
investigated to prevent flattening of the lumbar spine and
to reduce the ischial load in long-term sitting, which are
related to LBP. They propose to study the biomechanical
and neuromuscular effects of the new sitting concept and
to evaluate quantitatively the benefits in the LBP patients
for using appropriate lumbar support that increases lor-
dosis and decreases the sitting pressure and load carried
by the ischial tuberosities.

Hypothesis 1: When the BPS is tilted down, load on the
ischial tubercles and lumbar spine will be reduced and
shifted to the thighs and the thoracic spine, respectively.
Low-back muscle activities will also be reduced. The
primary aim is to evaluate (1) contact pressure distribu-
tions between the buttock-thighs and seat and between
the back and backrest, and (2) load carried at the seat and
back will be evaluated with and without ischial support,
combined with flat or adjusted back support. The mus-
cular activities involved in stabilizing the trunk under
these conditions will be investigated.

Hypothesis 2: Increase in lumbar lordosis, forward rota-
tion of the pelvis, and larger intervertebral heights will be
observed when the BPS is tilted down to reduce ischial
support. The second aim is to measure and compare the
total and segmental lumbar lordosis, pelvis inclination,
and intervertebral spaces of the lumbar spine under the
different sitting conditions.

Hypothesis 3: Sitting alternately between the postures
with the BPS at level and tilted-down positions will
reduce the discomfort and pain associated with sitting.
As a result, patients with LBP will better tolerate pro-
longed sitting. The third aim is to evaluate the subjective
evaluation and impressions gained from the use of such
a sitting design for a period of 4 months with the use of
a questionnaire in two groups of chronic LBP patients
with pain history and symptoms.

Neuro-Fuzzy Prediction of Spine Loads in
Response to Risk Factors

Investigator: William Marras, Ph.D.

Affiliation:  Ohio State University
Columbus, Ohio
Telephone: (614) 292-6670

Keywords/Phrases: Spine loading assessment, trunk

muscle response, multiple risk dimensions
Purpose:

To develop a spine loading assessment system that has
the capacity to assess trunk muscle activation patterns
and subsequent spine loading in response to multiple risk
dimensions (physical/task-dependent, individual, and
psychosocial).

Abstract:

Occupationally related low-back disorders (LBDs) con-
tinue to be the leading cause of lost workdays and the
most costly occupational safety and health problem fac-
ing industry today. It has been well established that most
occupationally related LBD risk is associated with man-
ual materials handling activities as well as psychosocial
influences in the workplace (National Academy of
Sciences, 2001). In addition, individual factors can influ-
ence risk; however, the ability to characterize risk associ-
ated with these various dimensions of LBD risk has been
rather poorly understood. Recent literature indicates that
a common link within each of these risk dimensions
involves increases in trunk muscle coactivation that can
lead to increased spine loading and subsequent LBD.
Electromyographic (EMG)-assisted models provide the
only means to accurately assess and quantify the effect of
changes in trunk muscle coactivation on spinal loading;
however, the collection of EMG under most industrial
conditions is impractical. The objective of this work is to
develop a Spine Loading Assessment System (SLAS)
that has the capacity to assess trunk muscle coactivation
patterns and subsequent spine loading in response to mul-
tiple risk dimensions. This system would permit one to
accurately estimate spine loading as a result of physical
workplace factors, psychosocial factors, and individual
factors but it would not require the use of EMG. This
objective will be achieved through the development of a
hybrid neuro-fuzzy engine (HNFE). This engine would
act as a system artificial "brain" able to synthesize infor-
mation about the workplace and assess how the trunk
musculature would behave. The engine will interface
with a well developed, biologically driven, dynamic bio-
mechanical model of the trunk. In this manner, the inves-
tigators will be able to accurately predict spine loading in
the workplace in response to various risk factor dimen-
sions without the need to collect EMG data in the work-
place. Collectively, the SLAS will have several
benefits. First, it can be used to assess the risk of spine
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structure damage believed to contribute to low-back pain
as a function of work dimensions commonly associated
with the workplace. Hence, this model will have imme-
diate applications to workplace designs. Second, the sys-
tem will provide insights as to how the various dimen-
sions of risk synergistically impact the musculoskeletal
system. Finally, it will facilitate further investigations
regarding stability and coactivity.

Low-Back Pain in Cyclic and Prolonged
Occupational Activities

Investigator: Moshe Solomonow, Ph.D.

Affiliation: Louisiana State University
New Orleans, Louisiana
Telephone:  (504) 568-2251

Keywords/Phrases: Spinal ligaments, low back pain,

occupational activities
Purpose:

To investigate the role of spinal ligaments in causing
spinal instability, injury and low-back pain in two types
of occupational activities.

Abstract:

It is hypothesized that which mechanoreceptors in the
spinal ligaments are deformed as a result of loading, they
initiate sustained reflex activity in the paraspinal mus-
cles. As creep sets in the ligaments, over time, they are
desensitized and the reflexive muscular activity is lost,
rendering the spine exposed to instability, injury, and
low-back pain. This research may provide an insight for
a wide range of low-back pain types, ranging from idio-
pathic pain due to ligament strain, to that resulting from
the chain reaction of injury, disc herniation, and nerve
damage due to lack of musculature support. This 3-year
experimental research program will use a feline model to
systematically explore the relationship between the elec-
trophysiological and mechanical properties of spinal lig-
aments in vivo and the activity of motor units of the
paraspinal and abdominal muscles in cyclic and station-
ary loading conditions when the ligaments are subjected
to creep as well as their recovery pattern with rest.
Results of this research will (1) provide insight into the
neurophysiology of low-back pain in common occupa-
tional activities, (2) provide an insight to the cause of lost
muscle strength and coordination and prolongation of
low back pain, and (3) delineate occupational conditions
that result in low-back pain and other occupational con-
ditions that may prevent it.

Extramural Projects

o Mixed Exposures e

Complex Mixture Modeling of
Organophosphate Pesticides

Investigator: Charles Timchalk, Ph.D.

Affiliation: Battelle Memorial Institute
Richland, Washington
Telephone:  (509) 376-0434

Work Settings: Agriculture

Keywords/Phrases: Organophosphate pesticide, mixed

exposures
Purpose:

To evaluate the potential health implications resulting
from exposure to complex mixtures of organophosphate
insecticides.

Abstract:

Organophosphate pesticides insecticides are widely used
in a variety of applications, and the potential exists for
significant occupational exposure. The health implica-
tions of mixed chemical exposures are currently poorly
understood, since the toxicological characterization of
such complex mixtures is not practical because of the
numerous potential combinations. To address this chem-
ical mixture issue, an integrated approach is proposed
involving the application of physiologically based phar-
macokinetic/pharmacodynamic (PBPK/PD) modeling in
conjunction with focused in vivo/in vitro studies. The
goal of this project is to provide a quantitative under-
standing of complex chemical interactions within bio-
logical systems, estimate tissue dosimetry, and quantitate
pharmacodynamic response (i.e., esterase inhibition).
This approach represents a reasonable application of lim-
ited resources to generate data that can be used to evalu-
ate human health risk from occupational exposure to
important agricultural chemicals. This research will (1)
develop a PBPK/PD model for diazinon in the rat,
(2) conduct focused in vitro experiments in rats to quan-
tify critical metabolic interactions for mixtures of chlor-
pyrifos and diazinon that can readily be incorporated into
a binary mixture PBPK/PD model, (3) conduct in vivo
evaluations of the PBPK/PD model interactions for mix-
tures of chlorpyrifos and diazinon in the rat, and (4) con-
duct focused in vitro experiments with human tissues to
quantify critical metabolic interactions and develop a
human diazinon and binary organophosphate pesticide
mixture PBPK/PD model.
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Extramural Projects

Microbiological Air Contamination from
Machining Fluids

Investigator: Tina Reponen, Ph.D.

Affiliation: University of Cincinnati
Cincinnati, Ohio
Telephone: (513) 558-0571

Keywords/Phrases: Bioaerosols, aerosolization,
metalworking fluid, respiratory and skin

disease
Purpose:

To study the aerosolization of mist and microorganisms
from metalworking fluids (MWFs) using new techniques
for the aerosolization and measurement of bioaerosols.

Abstract:

Workers exposed to machining fluid aerosols may have an
increased risk of developing a variety of respiratory and
skin diseases. About 1.2 million workers in the United
States are occupationally exposed to MWFs. Recent stud-
ies have suggested that microorganisms dispersed from
MWEFs can cause severe respiratory diseases in workers.
In this study of aerosolization of mist and microorganisms
from MWFs, a key instrument in this two-year study is a
newly developed Biosampler, designed for long-term
sampling of bioaerosols. Experiments will first be per-
formed in the laboratory under controlled conditions by
simulating several different machining conditions. A lab-
oratory-scale mist generator will be adopted and modified
for this study and will be used with MWFs representing
different viscosity and surface tension. The aerosolization
of mist will be tested first with clean fluids, with fluids
inoculated with known concentrations of test microorgan-
isms, and finally with used fluids collected from field test
sites. The last phase is a field study. Comparison of the
field data with the laboratory data will allow investigators
to interpret the dispersion of mist and microorganisms in
MWF environments and assess the potential microbial
exposure of workers. Both are needed developing engi-
neering control strategies. The field study will also help
create an initial database on the concentrations of airborne
microorganisms in MWF environments. The findings of
this project are expected to contribute to setting or modi-
fying standards for reducing health hazards related to
MWEF exposure.

Organic Solvent Mixtures and
Neuropsychological Outcomes

Investigator: Ellen Kirrane

Affiliation:  University of North Carolina
Chapel Hill, North Carolina
Telephone:  (919) 929-5931

Keywords/Phrases: Fishing, solvents, occupational injury
Purpose:

To study emissions from fuel and fuel exhaust in exposed
workers in the commercial fishing industry.

Abstract:

Although the commercial fishing industry is reported to
have among the highest occupational injury morbidity
and mortality rates in the United States little scientific
data exists about the occupational illness hazards facing
workers in this industry. Fishermen are exposed on a
daily basis to evaporative emissions from fuel and fuel
exhaust (diesel and gasoline) generated by their boats
and to a variety of organic solvents used during mainte-
nance activities. Results from this study will benefit not
only the fishing industry but a variety of occupational
groups with this common exposure.

Silica Exposure and Silicosis: Effect of
Mixed Exposures

Investigator: Gurumurthy Ramachandran, Ph.D.

Affiliation:  University of Minnesota
Minneapolis, Minnesota
Telephone: (612) 626-5428

Work Settings: Mining

Keywords/Phrases: Silica, dose-response, silicosis
Purpose:

To determine the quantitative dose-response relationship
between crystalline silica and silicosis.

Abstract:

The quantitative relationship between exposure to crys-
talline silica and development of silicosis is uncertain
despite a number of studies. The uncertainty is due to the
fact that exposure reconstructions are typically based on
sparse data with significant uncertainty, and dose recon-
structions that obtain the cumulative lung burden of the
worker do not account for simultaneous exposures to less
toxic dusts categorized as particles not otherwise classi-
fied (PNOC). For this research, a novel Bayesian method-
ology that synthesizes expert judgment, exposure models,
and historical measurements will be used for exposure
reconstruction. Pharmacokinetic modeling will be used to
estimate the cumulative lung dose of silica and PNOC and
the time to macrophage overload in this mixed exposure
scenario. A case-control study will be conducted to com-
pare silicotics and disease free referents and test the fol-
lowing hypotheses: (1) a cumulative exposure metric that
includes both silica and PNOC is more related to the
development of silicosis than cumulative silica exposure
alone, (2) the time to macrophage overload is shorter
among cases than non-cases employed in the dusty trades,
and (3) the time to macrophage overload, due to exposures
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to mixtures of silica and PNOC, is related to the time from
first exposure to disease among silicosis cases.

Experimental and Computational
Methods for Quantitating the Absorption
of Complex Chemical Mixtures Through
Skin

Investigator: Jim Riviere, D.V.M., Ph.D.

Affiliation:  North Carolina State University
Raleigh, North Carolina
Telephone:  (919) 513-6305

Keywords/Phrases: Mixed exposures, skin absorption,

interactions
Purpose:

To define and characterize chemical mixture interactions
that affect percutaneous absorption.

Abstract:

Chemical exposure in most environmental and occupa-
tional settings is to complex chemical mixtures rather
than individual chemicals. Estimating exposure for risk
assessment purposes under this scenario is difficult, as
most research studies only assess single chemical expo-
sure. Previous research has studied the nature of chemi-
cal interactions within a mixture that could modulate
absorption across the skin. The present research will
evaluate interactions of 12 chemicals selected on the
basis of their physical chemical properties in three model
systems of increasing biological complexity: inert silas-
tic, in vitro porcine skin diffusion cells, and ex vivo iso-
lated perfused porcine skin flaps (IPPSF). Mathematical
models of dermal absorption will then 