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Abstract

The lack of knowledge about the earliest events in occupational disease development is
due to the multi-factorial nature of disease risk. This information gap is the consequence
of the lack of appreciation for the fact that most occupational diseases arise from
the complex interactions between genes and the occupational exposure. Whether an
occupational exposure causes illness or not is dependent on the efficiency of metabolic
pathways. Thus, elucidating the causes of most chronic diseases will require an
understanding of both the genetic and occupational contribution to their etiology.
Unfortunately, the exploration of the relationship between genes and the occupational
exposure has been hampered in the past by the limited knowledge of the human genome,
and by the inclination of scientists to study disease development using experimental
models that consider exposure to a single environmental agent in the workplace. To
understand how genes and occupational agents interact to initiate biological pathways
to cause injury or disease, scientists will need tools with the capacity to monitor the
global expression of thousands of genes, proteins and metabolites simultaneously.
The generation of such data in multiple species can be used to identify conserved and
functionally significant genes and pathways involved in gene environment interactions.
The complex interplay between genes and occupational exposure represents also a great
challenge to scientists, and it is also an important opportunity to reduce the burden of
disease and dysfunctions on humans.

Major technological advances in the last few years have increased our knowledge of
the role that genetics has in occupational diseases and our understanding of genetic
components and the interaction between genetics and environmental factors. The
complex interplay between genes and occupational exposure represents also a great
challenge to scientists, and it is also an important opportunity to reduce the burden of
disease and dysfunctions on humans.
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61



62 Shaker DA

Introduction

Genetics can play a role in all
diseases. Sometimes a single gene is
sufficient to trigger a disease. Other
times multiple genes are involved in the
disease progression. Genes may modify
the individual’s response in such a way
that the person is more or less likely to
develop a disease. For occupationally-
related diseases no single gene will be
the cause, as occupational exposure
must occur. The type of exposure,
extent of exposure, genes and other
factors then determine the effect of
the exposure in an individual (Wright,
2005).

Many of the genes in the genome
of humans (human genome encodes for
50,000 to 100,000 proteins) influence
the impact of environmental agents on
the organism. The exact number of genes
involved in the organism’s response to
environmental factors is unknown but
could be very large (Chung et al., 2010).

Genes control cellular

differentiation, division and death.
When critical genetic material 1is
altered, the functions over which it
exerts control can go away, leading to
birth defects, cancer, neurobehavioral
abnormalities, and other diseases and

dysfunctions. A better understanding of

these genes, the ability of environmental
agents in the workplace to interact and
damage them, the relationships between
a xenobiotic’s chemical structure and
its binding affinity to critical cellular
targets, and the consequences of genetic
malfunction is needed (Vineis et al.,
2004).

The main influence of genetic
research with respect to occupational
health is the large
technological advances in molecular
biology/genetics.
new techniques, it is now possible to

number of
Because of these

evaluate the relationship of disease
with individual genes and their variants
or even with the whole genome. These
technologies promise to set the stage
for new discoveries in understanding
mechanisms and the preclinical changes
that might serve as early warnings of
disease or increased risk (Barrett et al.,
1997).

Gene-Environment Interactions in
Occupational Safety and Health
Research:

In the past, genetic information was
rarely considered in epidemiological
studies of occupational diseases,
largely because there were no tools
for precise measurement of genetic
that influence

differences might
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exposure-disease  relationships  in
subsets of the population. Historically,
occupational chemical exposures were
so high that reasonably valid studies of
exposure-disease relationships could be
performed even if they did not account
for genetic variation (Schulte and
Halperin, 1987). However technology
and information have progressed so that
the relative influence of genetic factors
on exposure-disease relationships is
relevant as variables in study design
and analysis. Interest in the role of
genetic variants has emerged as a result
of studies that have demonstrated
variability in response to occupational
exposures (Yucesoy and Luster, 2007).

The term “response variability” has
been used to describe the differences in
the type or magnitude of the biological
effect that is due to intrinsic or acquired
differences between individuals under
identical exposure conditions. Various
factors contribute to response variability
from workplace exposures (Godderis et
al., 2004).

One factor that contributes to
that observed difference in response
variability is individual differences in
the uptake of agents. Environmental
monitoring in the workplace may

indicate identical exposure conditions,

but what is actually absorbed into
the body from that exposure may
differ between individuals. Individual
differences result from a range of
factors that influence exposure uptake.
Biological variability is one such
factor. Biological variability can be
further subdivided into inter-individual
variability, the difference between

individuals, and intra-individual
variability, the difference within an

individual over time (Kline et al., 2004).

Many of the metabolic processes
are dependent on enzymes and other
signaling molecules that are encoded
by our genes. In this way, genetic
variations can lead to differences
in the way people react to the same
toxin. For example, people who are
slow ‘detoxifiers’ are more likely to
be affected than people who can break
down toxins more quickly, simply
because they are exposed to the chemical
for longer. When chemicals are broken
down in the body, the products are
usually inactive and therefore easily
excreted. However, the products are
sometimes more reactive and able to
bind to genetic material (DNA) or other
biologically important molecules. If the
DNA adducts (chemicals bound to the
DNA) are not eliminated by the body’s
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natural repair processes, it is thought
they can cause gene mutations which
can eventually lead to cancer (Koh et
al., 1999).

GeneticSusceptibility to Occupational
Exposure:

Because of their high prevalence
in the general population, genetic
variants that determine susceptibility
to environmental exposures may
contribute greatly to the development
of occupational diseases in the setting
of specific exposures occurring in
the workplace. Studies investigating
genetic susceptibilities in the workplace
may: (1)
insight into the aetiology of disease,

provide  mechanistic

in particular the determination of
environmentally responsive genes; (2)
susceptible  subpopulations
with respect to exposure; and (3)

identify

provide valuable input in setting
occupational exposure limits by taking
genetic into account.
Polymorphisms  in  the NAT2 and
the HLA-DPB1Glu69 genes

classic examples

susceptibility

provide
of how genetic
susceptibility markers have a clear role
in identifying disease risk in bladder
cancer and chronic beryllium disease,
respectively. For diseases with more
complex and multifactorial aetiology

such as occupational asthma and chronic
airways disease, susceptibility studies
for selected genetic polymorphisms
provide additional insight into the
biological mechanisms of disease.
Even when polymorphisms for genetic
susceptibility have a clear role in
identifying disease risk, the value
of wide scale genetic screening in
occupational settings remains limited
due to primarily ethical and social
concerns. Thus, large scale genetic
screening in the workplace is not
currently recommended (Koh et al.,

1999).
Genetic Polymorphism :

Genetic polymorphism is a term
used to describe variants occurring at
an incidence of > 1%. Polymorphisms
are common among humans. Some
have no functional significance, and the
identification of which do and which
do not have any functional significance
will be necessary in order to be able to
interpret the information obtained in
the genetic research in the workplace
(Hirvonen, 1999).

Polymorphisms often affect the
functions of genes but some may
change the level of expression of a gene
or change the activity of a gene product,
for example, an enzyme. Most of the
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approximately 50 known inherited
traits that could potentially enhance
an individual’s susceptibility are
often difficult to detect. Many genetic
conditions associated with enhanced
susceptibility to environmental
chemicals remain to be discovered.
As human population is biologically
diverse and genetically heterogeneous,
it is not surprising that differences
in susceptibility to disease among
individuals with or without exposure to
environmental chemicals exist (Levy,

2002).

Genetic polymorphisms contribute
to biologic variability and hence may
result in inter-individual variability in
the uptake of agents. For this reason,
gene variants are important to study
when trying to explain response
variability. Our knowledge of the role
of gene-environment interactions in
occupational diseases has increased
in the past few years. Mechanistic
studies have focused on the role of
specific genes in the development of
disease. The majority of studies have
investigated  carcinogen  exposure
and polymorphisms in the alleles
that code for
involved in xenobiotic metabolism or

Metabolism

of genes enzymes

biotransformation. and

transformation are intended to remove
compounds from the body, but the
process may result in the formation of
toxic metabolites. Differences in DNA
coding result in biological variability
in enzymes, which ultimately affect the
biotransformation process. Mechanistic
studies have consistently reinforced
that the
variability ultimately affects disease

the hypothesis biologic
risk by modifying the levels of toxic
metabolites (McCanlies et al., 2003).

Genetic  factors may modify
exposure-effect relationships. That is,
the risk of effect or disease attributable
to an occupational exposure can be
decreased, unchanged, or increased
depending on the form of interaction
(e.g.,
synergistic) between the gene variant
and the occupational hazard (Poulter,

2001).

additive, multiplicative, or

In the
exposure research, some examples of

area of occupational
polymorphisms of biotransformation
enzymes that have been widely studied
include glutathione S-transferase M1
(GSTM1), glutathione S-transferase
theta 1 (GSTT1), cytochrome P450),
family 1, subfamily A, (aromatic
compound-inducible)

1 (CYPIAL),

polypeptide
N-acetyltransferase
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2 (arylamine
(NAT2),
dinucleotide

N-acetyltransferase)
and nicotinamide adenine
phosphate  (NADPH)
dehydrogenase, quinine 1 (NQOI).
Consistently, the GSTMInull genotype
has been shown to be a risk factor
for tobacco-related lung cancer. This
association, like that of the association
between GSTMI1null and esophageal
dysplasia, gives clues to the etiology of
disease. Similarly, NAT?2 is associated
with arylamine-related bladder cancer,
and NQOI1 has been shown to be
important  for  benzene-associated
leukemia (Olshan et al., 2000).

One example that illustrates the
relative effects of genes, occupational
exposures, and their interaction is the
role of the pro-inflammatory cytokine

factor (TNF-alpha)
The TNF-alpha-308
polymorphism modifies the risk of

tumor necrosis
in silicosis.

silicosis among silica-exposed workers
(Yucesoy et al., 2001).

In the above examples, genes
modified the metabolism of the chemical
exposure, which increased or decreased
the risk of disease. Genes can also
modify the body’s immune response to
the allergen in occupationally induced
asthma. Human lymphocyte antigen

(HLA) class 2 molecules have a crucial

role in the immune response that occurs
in occupational asthma. In one study,
67 workers with TDI induced asthma
and 27 asymptomatic controls were
genotyped for three HLA class 2 genes:
DQAI1, DQBI, and DRB1 (Mapp et
al., 2000). Asthmatics were found to
have a significantly higher frequency of
specific alleles for DQA1 and DQBI,
while controls had higher frequencies of
two other alleles for DQA1 and DQBI1.
Taylor (2001) reported that the HLA
class 2 gene, DR3, was more prevalent
in occupational asthma cases induced by
acid anhydrides, suggesting that there
may be a contribution of HLA class 2
molecules in individual susceptibility
to sensitization and asthma induction
(Taylor, 2001).

Occupational asthma occurs in
up to 5-10% of people exposed to
diisocyanates. One study found a link
between the disease and the lack of a
GSTMI1 gene in workers exposed to
di-isocyanates, but this finding was
based on a small study and has yet to be
confirmed with a larger sample (Piirila
et al., 2001). The study did not find any
association between GSTP1 variations
and risk of occupational asthma. In
complete contrast, a more recent study
reported that one form of GSTP1 does
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seem to protect workers against asthma
if they have been exposed to toluene di-
isocyanate for a period of at least ten
years (Mapp et al., 2002). This second
study did not find any link between the
disease and variations in GSTMI1 and,
again, the findings are questionable as
they are based on only a small number
of people. Such conflicting results make
individual risk predictions impossible.

The statistical link between genetic
variations in NAT2 and bladder cancer
in people exposed to arylamines in
the workplace or cigarette smoke has
been relatively well studied. People are
known as ‘fast’ or ‘slow acetylators’
depending on which version of the
gene they have. A meta-analysis of
all case-control studies found that
‘slow acetylators’ on average had a
40% increase in risk of bladder cancer
compared to ‘fastacetylators’. However,
the overall picture remains complex
and confusing. The risks vary between
Europe and Asia and no increase in risk
has been found in the USA (Marcus
et al., 2000). Researchers in this field
have argued that using these findings
to screen workers for susceptibility to
cancer would be ethically unacceptable
and scientifically premature. The test’s
predictive value would be highly

variable depending on the exposure and
the population. The genetic variation in
NAT?2 that is thought to increase the risk
of bladder cancer and it is also thought
to reduce the risk of cancer of the colon
(Hein et al., 2002).

Another  study  showed that
individuals who lack the NQO1 enzyme
appear to be at 2.6 times greater risk of
benzene poisoning than people who do
have the enzyme. Symptoms of benzene
poisoning are a known risk factor for
leukaemia but do not lead to cancer in
every affected individual. These risks
have only been demonstrated in an
Asian population so the same may not
necessarily be true for other groups
(Nebert et al., 2002).

The study also claimed
that if an individual had a fast-acting
CYP2EIl enzyme (from the family of
cytochrome P450 enzymes) as well
as a defective NQOI enzyme, their
risk of poisoning increased 7.6 fold.
However, this finding was based on
only a small number of people and, as
acknowledged by the researchers, relied
upon a rather imprecise measure of
CYP2EI enzyme activity. Other studies
that have attempted to link genetic
variations in NQO1 with other cancers
have produced inconclusive results
(Smith, 1999).

same
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Different forms of the paraoxonase
enzyme metabolize organophosphates
at different rates. In one study, a
slow form of the enzyme was more
commonly found in British farmers
who attributed their ill-health to sheep
dip (Cherry et al., 2002).
many other factors, such as age and

However,

diet, have an effect on the metabolism
of organophosphates. Researchers have
also argued that for PON1 (as with
many other metabolic enzymes), it is
necessary to measure the actual activity
of the enzyme and not just look at the
genetic variation if the rate of toxin
metabolism is to be accurately predicted
(Brophy et al., 2000).

A specific example of research
in the characterization of a genetic
polymorphism of a commonly
occurring gene now leads us to
begin to understand the relationship
between lead exposure levels and
cognitive impairment in susceptible
subpopulations in children. An enzyme
of the heme biosynthesis pathway, delta
aminolevulinate dehydratase (ALAD)
is a protein that is encoded by a gene
in the 9934 chromosome locus. It is
polymorphic in the population, with
two common alleles, ALAD-1land
ALAD-2. This structure results in three

distinct genotypes, ALADI-1 and 2-2,
which are distributed in the population.
It is hypothesized that individuals

With the ALAD 2 allele could be
more susceptible to lead exposure if
ALAD subunit binds tightly ALAD-1
subunit. Individuals with ALAD 1-2,
2-2 allele might have higher blood
concentrations as well as higher total
body burden, making them more
likely to show clinical and subclinical
manifestations of low blood levels

(Shostak, 2003).

The Effect of Occupational and
Environmental Exposures on Genetic
Material:

Damage to DNA or other hereditary
material of somatic cells can be used
to evaluate exposures and, potentially,
disease risk. A variety of genetic
biomarkers has been used to show
exposure or effects from occupational
exposures (Abdel-Rahman et al., 2005);
DNA adducts

and protein adducts, and cytogenetic

Somatic mutations,
changes have frequently been used as
biological measures of exposure and,
in some cases, as biomarkers of effect
(Albertini et al., 2003).

Whether
biomarkers of effect, and ultimately

these  changes are
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risk factors for disease, depends on the
extent to which the association with
the disease has been affirmed. While
numerous cross-sectional studies have
identified
changes associated with exposures to

consistently cytogenetic
genotoxic substances or agents, only
longitudinal analysis is best suited to
identify which genetic biomarkers are
risk factors for disease. For example,
using prospective designs, an increase
in chromosomal aberrations has been
associated with an increased risk of
cancer development (Boffetta et al.,
2007 and Bonassi et al., 2007).

Gene activity also can be altered
without changing the DNA sequence.

Various epigenetic processes
including methylation, acetylation,
phosphorylation, ubiquitylation, and

sumolyation as well as chromatin
modification can affect gene activity.
A wide variety of illnesses, behaviors,
and health indicators have some level of
evidence linking them with epigenetic
mechanisms,

including cancers,

cognitive  dysfunction, respiratory,

cardiovascular, reproductive,

autoommune and  neurobehavioral
illnesses.Heavymetals,pesticides,diesel
exhaust, tobacco smoke, polycyclic

hydrocarbons, hormones, radioactivity,

viruses, bacteria, and nutrients are

known or suspected to influence
epigenetic processes (Weinhold et al.,
2006). While a comprehensive view of
epigenetics in relation to occupational
disease still has not been developed,
a large role and further research is
necessary since epigenetics may have
a role in understanding occupational
and environmental causes of diseases

(Wade and Archer, 2006).
Chromosomal Aberrations:

One of the few direct methods
for measuring gross changes in
DNA involves visualization of the
through the light

microscope. The viewer might see

chromosomes

overt breakage and rearrangement of
the chromosomes within the cell as
well as more subtle changes involving
the exchange of material between
chromatics of a chromosome. CAs
are usually induced by agents that can
directly break the DNA duplex such as
different types of radiation chemicals
that imitate the effects of radiation. CAs
therefore serve as a biological dosimeter
in individuals exposed to ionizing
radiation. The same is not true for cases
of chemical exposure, however, since
most

clastogenic chemicals require

metabolic activation and are dependent
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on a critical time in DNA replication.
CAs have been demonstrated for a
large number of chemicals in vitro,
but relatively few chemicals have been
convincingly shown to increase CAs in
vivo (Bilban et al., 2005). On the other
hand, some investigators have reported
that in vivo cytogenetic assay is a
very accurate assay system to identify
carcinogens from non-carcinogens
(Celi and Akbas, 2005).

Sister Chromatid Exchange:

The study of SCEs is an indirect
indicator of mutation, although the
biological significance is unknown.
Unlike CA measurements, SCE can be
a sensitive marker for the measurement
of DNA damage and repair (Mrdjanovic
et al., 2005). Sister chromatics are the
two daughter strands of a duplicated
chromosome. SCEs are events that
occur when apparently equivalent
sections of the sister chromatics of
the same chromosome are exchanged
during cell division (mitosis). SCEs
occur in cells at anormal rate, but appear
to be elevated when exposed to agents
that damage DNA. Of importance from
a practical standpoint, SCEs appear

to result only as an effect of chemical
mutagens, not radiation. They are most
efficiently induced by substances that
form covalent adducts to the DNA,
distort the DNA helix, or interfere with
DNA precursor metabolism or repair
(Medeiros et al., 2003).

Micronuclei Assay:

One consequence of the induction
of CAs is the formation of micronuclei,
which result from the exclusion of
fragments of/or whole chromosomes
from nuclei formed at mitosis. The
presence of micronuclei can be taken as
an indication of the previous existence
of CAs. Micronuclei are far easier to
score than CAs at metaphase (although
less frequent) and provide a simple
means for estimating induced genetic
damage. In addition, micronuclei
persist for varying lengths of time
after their formation so they can be
detected in non-dividing descendants
of cells. Early studies of the effects of
ionizing radiation on mitosis showed
that the frequency of micronuclei was
dependent on radiation dose (Migliore

et al., 2006).
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Examples of Genetic damage by occupational exposure:

Sister Chromatid Exchanges :
- Anesthetic gases (Bilban et al., 2005).
- Gasoline (Celi and Akbas, 2005).
- Styrene (Teixeira et al., 2004).

Micronuclei:

- lonizing radiation (Mrdjanovic et al., 2005).
- Trivalent chromium (Medeiros et al., 2003).
- PAH (Pavanello et al., 2008).

- Styrene (Migliore et al., 2006).

Chromosomal Aberrations:

- Benzene (Holeckova et al., 2004).
- X-rays (Milacic, 2005).
- Fenvalerate (Xia et al., 2004).

DNA strand breaks:

- Roofing Asphalt (Toraason et al., 2001).
- Bitumen (MarczynskKi et al., 2006).
- Antineoplastic drugs (Deng et al., 2005).

DNA Adducts

- Smoking (Taioli et al., 2007).
- PAH (Peters et al., 2008).
- Diesel exhausts (Arlt et al., 2007).

Oncogene Mutations

- Arsenic (Wen et al., 2008).

- Coal emissions (Keohavong et al., 2005).
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The value of any genetic test is
dependent on the prevalence of the
disease and genetic traitin the population
and the relative risk of disease for those
carrying the trait. This issue has been
demonstrated practically for HLADPB1
(Weston et al., 2002) which has been
implicated as a susceptibility gene in
beryllium hypersensitivity and CBD
(McCanlies and Weston, 2004).

Occupational exposure may induce
protective protein:

Other exposures may induce the
synthesis of a protective protein in the
body. The best example is probably
metallothionin, which binds cadmium
and promotes the excretion of this
metal; cadmium exposure is one of
the factors that result in increased
expression of the metallothionin gene.
Similar protective proteins may exist
but have yet been explored sufficiently
to become accepted as biomarkers.
Among the candidates for possible
use as biomarkers are the so called
stress proteins, originally referred to
as heat shock proteins. These proteins
are generated by a range of different
organisms in response to a variety of
adverse exposures (Khoury et al., 1993).

Detection of workers at risk for

genetic damage:

As used in the workplace, genetic
testing encompasses two activities:
genetic  monitoring and  genetic
screening. Thus, genetic testing of
employee populations involves both
examining persons for evidence of
induced change in their genetic material
(monitoring) and identifying individuals
traits or

with particular inherited

disorders (screening) (Bingham, 1998).
What is Genetic Monitoring?

Genetic ~ monitoring  involves
periodically examining employees to
evaluate modifications of their genetic
material, e.g., chromosomal damage
or evidence of increased occurrence of
molecular mutations that might have
evolved in the course of employment.
The putative cause is workplace
exposure to hazardous substances. The
premise is that such changes could
indicate increased risk of future illness

(Burris et al., 2000).

Because ambient  exposures,
personal habits and lifestyle decisions
(e.g., tobacco use, etc.), and age can
also induce changes in genetic material,
genetic monitoring could detect changes

that arise from exposures outside of the
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workplace. Genetic monitoring could
be performed on groups of employees to
identify the risk for the exposed group
as a whole, to target work areas for
increased safety and health precautions,
and to indicate a need to lower
exposure levels for a group exposed to
a previously unknown hazard (Blakely

etal.,2001).
What is Genetic Screening?

Genetic screening involves assays
to examine the genetic makeup of
employees or job applicants for certain
inherited characteristics. (Employees
could be screened on different occasions
for different traits or with improved
technology, but generally only once
per characteristic.) Genetic screening
can be used in two distinct ways. First,
employees or job applicants could be
screened for the presence of genetically
determined traits that render them
susceptible to a pathological effect if
exposed to specific agents. For example,
an employee or a job applicant could be
tested toidentify a genetic predisposition
to an occupationally related disease.
Second, employees or job applicants
could be screened to detect general
heritable conditions, not just conditions
associated with occupational illness
(CDC, 2007).

Reasons for using the different
classes of tests vary. In either case,
whether screening for an occupationally
related trait or one unrelated to job
genetic tests

exposure, screening

involve examinations for inherited
traits where a single measure is usually
sufficient because these inherited
characteristics, as a rule, do not change.
Genetic screening for occupationally
related traits could be performed to
ensure appropriate worksite placement
of employees susceptible to certain
occupational diseases, and ensure that
employers place those workers most
susceptible to a specific risk in the least
hazardous environments. Both genetic
screening for occupationally related
traits and for non occupationally related
traits could be performed to: improve
employee productivity
workers’ compensation costs through

and lower
better worker health; promote and
encourage general health awareness;
and improve employers’ health care
cost-containment efforts, especially for
health insurance. This could be done
through exclusion (i.e., not hiring those
with deleterious genes because of the
potential drain on health insurance).
Genetic screening differs significantly
With
screening, a one-time test to detect a

from  genetic  monitoring.
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single trait in a worker or job applicant
is usually sufficient, while monitoring
generally involves multiple tests of a
worker over time. Most importantly,
genetic screening focuses on the
preexisting genetic makeup that workers
or job applicants bring to the job. This
is distinct from genetic monitoring
which focuses on hazardous workplace
exposures that induce changes in the

genetic material (CDC, 2007).

As genetic testing procedures lower
in cost with improved technologys, it is
possible or likely that more employers
will implement such testing of applicants
and employees. Even if employers
do not engage in genetic testing, they
may have the ability to gather the same
or similar information about genetic
predispositions  from  independent
sources or from questions concerning
an employee’s family history as part
of pre-employment or employment
medical examinations (Lauro, 2006).

Conclusion

Understanding the role of genetic
factors and their
occupational exposures is important in
occupational health and could lead to
further prevention and control efforts,
the identification of novel therapeutic

interaction with

targets and educational strategies for

better management of work-related
diseases. Although the majority of
workplace exposures are being highly
controlled, workers with susceptible
genetic profiles may still be at high
risk. Occupational safety and health
decision-makers, researchers, and
practitioners may ultimately find that
genetic factors contribute substantially
to some occupational diseases but not
to others. Occupational/environmental
risk factors should always be more
important for developing strategies
for prevention and intervention in
occupational disease and ultimately
for the reduction of morbidity and
mortality. The challenge is to identify
and apply genetic information in ways
that will improve occupational safety
and health for workers.
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