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INTRODUCTION

Health practitioners and researchers alike are concerned with high rates of disease
that occur in smaller populations. Some of these diseases may be of occupational
origin. The frequency of occupational illnesses and diseases varies depending upon
the individual work conditions; yet, their occurrence is sufficient to warrant active
surveillance of such workers. Two resources from the National Institute for Occupa-
tional Safety and Health (NIOSH) are described herein for the implementation of
workplace safety and health surveillance: (1) the Occupational Sentinel Health Events
(SHEO) list,'? which provides the involved occupations, industries, and agent(s) for
a specific occupational disease or condition; and (2) a table of medical screening and
biological monitoring tests that are currently available in the literature for monitoring
workers potentially exposed to OSHA-regulated substances.?

PROVISION OF OCCUPATIONAL MEDICAL SERVICES

The provision of some aspects of medical care to workers in manufacturing and
nonmanufacturing facilities seems to have changed during the 1980s from that noted
in the 1970s, according to two observational surveys conducted by NIOSH (TaBLE
1).* The first NIOSH survey, the National Occupational Hazard Survey (NOHS), was
conducted between 1972 and 1974. Because of the continuing need for information on
nationwide patterns of occupational exposure to health hazards, NIOSH conducted
a second survey, the National Occupational Exposure Survey (NOES), during 1981-
1983. The surveyed facilities in both NOHS and NOES were designed to be representa-
tive of virtually all the nonagricultural, nonmining, and nongovernmental businesses
covered under the Occupational Safety and Health Act of 1970.

TaBLE 1 shows that the proportion of the workforce with access to physician
services in off-site clinics was 19.6% in the survey conducted between 1972 and
1974. In the second survey (1981-1983), the proportion of the workforce with access
to physician services in off-site clinics rose to 57.8%, almost threefold from that
used a decade earlier. On-site physician services (employed or contract) remained
stable during both surveys—i.e., approximately 20%." Information was not collected
on the training of the physicians providing these services.
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TABLE 1. Proportion of Workforce With Access to Physician Services from Two
Surveys Conducted by the National Institute For Occupational Safety and Health
(NIOSH)"

Off-Site Physician Services On-Site Physician Services
1972-1974 1981-1983 1972-1974 1981-1983
19.6% 57.8% 20.8% 19.1%

“ Adapted from Ref. 4.

Even though the NIOSH survey data is over 10 years old, it does show that
occupational health activities were being conducted by off-site and/or contractual
physicians, many of whom may not have been adequately trained in occupational
medicine. From the data available to NIOSH, comparative analyses of the data
between on-site and off-site practice of medicine showed that use of off-site medical
practice apparently resulted in diminished provision of screening tests and medical
examinations of workers; this tendency may have been due to the recent decline of
the presence of on-site physicians and the subsequent rapid growth of off-site medical
practice.’

An Occupational Safety and Health Administration (OSHA) survey conducted
in 1990-1991 estimated that only 6.3% of United States industries currently had a
medical surveillance program at the individual establishment.®’

An increased interest in academic training for occupational medicine has also
been shown in the United States. Although there has been a growth in the number
of accredited occupational medicine residencies from 10 in 1976 to 39 in 1993
(NIOSH, unpublished), the number of residents now being trained in occupational
health is probably still too few to handle the problems of the numerous workers
exposed to occupational hazards.

Some problems have been noted in the provision of occupational medical ser-
vices:¥8

(1) The off-site, nonoccupational physicians often may have very little formal
training in occupational medicine.

(2) Since they are practicing away from their on-site industrial hygienist and
occupational nurse colleagues, these physicians may or may not be familiar
with the type of work being conducted or the existing work conditions.

(3) They may have very little information on the various hazards that workers
are exposed to and may not be aware of the toxicity of all hazards of each
exposed worker.

(4) There are so many medical tests recommended in the literature for the various
substances that they may not be able to decide which tests are to be performed
on a worker at that specific worksite.

(5) Very few industries have an ongoing medical surveillance program.
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Occupational Ilinesses and Injuries

What is the magnitude of occupational illnesses, injuries, and deaths occurring
in the United States?

According to estimates obtained by the National Traumatic Occupational Fatality
(NTOF) surveillance system administered by NIOSH, 63,589 workers died from
injuries sustained while working (1980-1989); 62,289 (98%) were workers in the
civilian labor force. The average annual occupational fatality rate for the United
States workforce was 7.0 per 100,000 workers.’

In 1992, the Bureau of Labor Statistics (BLS) implemented a new plan to conduct
a systematic, verifiable count of all fatal occupational injuries and to obtain descriptive
data on the circumstances surrounding these events." Statistics reported to the National
Safety Council (NSC)"*!! for occupational injuries, illnesses, and deaths for the years
1992 through 1995 are presented in TaBLE 2. From 1992 to 1993, the number of
occupational illnesses seems to have increased almost 5% (from 457,000 to 482,000).1°
The data for 1994 show 514,700 illnesses, an increase of over 1 percent from 1993.!
The occupationally related illnesses for 1995, however, decreased to 494,800 illnesses.

The number of disabling injuries has steadily risen from 3.2 million in 1993 to
3.6 million in 1995. There is an upward trend in the total number of occupationally
related deaths (including suicides and homicides) from 6,217 in 1992 to 6,588 in
1994;'%1 however, for 1995, the estimated number of all deaths including homicide
and suicide was 5,300."

TABLE 2. Number of Occupationally Related Ilinesses and Deaths from the Bureau
of Labor Statistics, 1992-1995¢

1992 1993 1994 1995
Illnesses 457,000 482,000 514,700 494,800
Disabling injuries 3.3 million 3.2 million 3.5 million 3.6 million
Deaths (total) 6,217 6,271 6,588 5,300
Homicides, suicides 1,252 1,297 1,281 1,239°

* Adapted from Refs. 10 and 11.
® Not yet published.

CONTROL OF OCCUPATIONAL DISEASE

The successful control of occupational disease depends upon two factors: the
recognition and diagnosis of cases by physicians and the implementation of epidemio-
logic surveillance, prevention, and control programs. Unfortunately, these factors
have historically received inadequate attention.

Recognition and Diagnosis of Occupational Diseases

An instructive example of how occupationally related illnesses can be underdiag-
nosed can be found in a letter written to the editor of the New England Journal of
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Medicine in 1980."7 Sixty-seven physicians, more than half of whom were board-
certified pathologists, were interested enough to take a one-week postgraduate course
on pathology of the lung. A microscopic section was shown to demonstrate a straight-
forward example of asbestosis. Fewer than 10 percent (6 of 67) of the physicians
suspected and diagnosed asbestosis. On the other hand, 75-80 percent of them
diagnosed successfully ‘“mystery”” cases of non-occupationally related disease.'

Further documentation of the isolation of occupational disease was published in
an editorial in the Annals of Internal Medicine by L. Rosenstock.” The systematic
estimates of the magnitude of occupationally related illnesses and injuries available
during the 1970s and 1980s are believed by many to be gross underestimates of the
extent of the occupational health problems in the United States, due, perhaps, to
various factors: (1) failure to identify diseases as occupational; (2) if an occupational
cause is suspected, failure to report it; (3) the link between work and ill-health is
often obscured by the long lag time from exposure to a subsequent illness; (4) the
multiple and often poorly characterized hazardous exposures in the workplace; and
(5) the multifactorial causation of many illnesses.!?

Prevention and Control of Occupational Disease

The control of occupational disease has its genesis in methodologies used in the
health-care field that were found to be successful. As an example, the approach of
identifying and counting the number of preventable tragedies in the health-care field
was successfully used in the 1930s, when every maternal death occurring in New
York City was vigorously pursued; pertinent facts were collected and later evaluated
by a group of obstetricians. The evolution and implementation of this process was
followed by a rapid drop in maternal mortality in New York City."

The above principles were applied to infant deaths in 1967 and 1968 in Massachu-
setts. Such evaluations demonstrated that about one-third of infant deaths in the state
of Massachusetts were preventable by medical means."”

Based on the experience with the identification and prevention of maternal and
infant mortality, the late Dr. Rutstein coined the term Sentinel Health Event for
diseases and disabilities that were preventable. Thus, *“The occurrence of an unneces-
sary disease, disability, or untimely death is a Sentinel Health Event (SHE) that
justifies carefully controlled scientific research for remediable underlying causes.””'

The occurrence of a SHE serves as a warning signal that the quality of preventive
and/or therapeutic medical care may need to be improved. Thus, according to Rutstein,
the SHEs serve as negative indexes of the quality of medical care where unnecessary
disease or untimely death occurs. For example, a case of polio is a SHE. The
occurrence of this preventable disease signals a breakdown in immunization pro-
grams.'®

Occupational Sentinel Health Event

The Sentinel Health Event (SHE) approach was subsequently modified and suc-
cessfully applied to the field of occupational disease.! Thus, an occupational sentinel



MURTHY: NIOSH RESOURCES 323

health event (SHEO) is a preventable disease, a preventable disability, or a preventable
untimely death that is occupationally related.

The occurrence of a SHEO indicates that (1) epidemiologic studies or industrial
hygiene studies should be conducted; (2) control technology should be implemented
to prevent that disease, disability, or death; and (3) appropriate medical care should
be provided.!

Two broad categories of SHEOs have been recognized. The first group includes
diseases or conditions that, by their inherent nature, are occupationally related. Such
conditions include the pneumoconioses; it is unlikely that these diseases would occur
in the absence of an occupational exposure to the inciting agent. The second set of
conditions include such diseases as lung cancer, leukemia, peripheral neuropathy,
leptospirosis, and ornithosis, which may or may not be occupationally related. For
the latter set of conditions, further information on the industry and occupation is
required to establish a causal link between disease condition and occupation.'?

- The occupational health literature was surveyed, and a list of SHEOs was assem-
bled, each of which met three criteria of scientific proof: documentation of associated
agent or agents, of involved industries, and of involved occupations. In addition, the
disease or condition must be codable within the framework of the Ninth Revision
of the International Classification of Diseases Adapted for Use in the United States,
1975—i.e., ICD-9.}?

The first list of 50 work-related conditions was published in 1983.! Most of the
reports included in the list were epidemiologic studies; few of them were case reports.
An updated list of SHEOs was published in 1991.% (This is included below as ApPENDIX
1.) For the updated SHEO list, additional criteria were used, since many studies were
found to be equivocal.

First, the report had to be a sound epidemiologic study with appropriate controls,
end point, and specifics concerning occupation, industry, and agent.” Second, in the
case of lung cancer, the study must have been controlled for smoking history. A few
epidemiologic studies were noted in which lung cancer was the end point but there
was no mention of smoking characteristics as a confounding factor; such studies
were not included in the SHEO list. Third, for death certificate studies, confirmatory
studies must have been done using more rigorous methodologies—e.g., case control
study or a retrospective mortality study, etc.?

The updated SHEO list contained 64 diseases or conditions and over 140 agents.
Of the 14 new conditions included in the list, 7 belonged to the infectious disease
group. These were ‘‘Fish fancier’s finger,”” ‘‘Herpetic whitlow,”” ‘‘HIV infection,”’
‘‘Rocky Mountain spotted fever,”” ‘‘Leptospirosis,”” ‘‘Histoplasmosis,’” and ‘‘Sporo-
trichosis.”” None of these conditions was solely related to occupation. Details of the
occupations/industries dealing with the new infectious disease conditions are pre-
sented in TABLE 3.2

METHODS OF SURVEILLANCE OF OCCUPATIONAL DISEASES

Two approaches are useful in the surveillance of occupational disease conditions:
medical screening and biological monitoring. Medical screening is the search for
early signs or symptoms of disease before the patient is symptomatic. Biological
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monitoring is the testing of a specimen from the patient for the presence of a hazardous
intoxicant or its metabolite.’

A simple guide containing specific medical tests for medical screening and biologi-
cal monitoring of specific substances would be helpful to both the occupational health
professional and the general practitioner. Hence, to provide the practicing physician
with a roadmap to the literature of the available recommendations for medical screen-
ing and biological monitoring, a literature search was conducted to obtain information
on medical tests that were available for these substances. The medical tests recom-
mended by the federal government (NIOSH/OSHA) and other researchers for sub-
stances regulated by OSHA in 1989 and revised in 1993 were summarized, in tabular
format. There are so many agents being used in the workplace, and a start had to be
made somewhere; hence, for this report, medical tests available for screening workers
exposed to the substances regulated by OSHA were chosen.’

The criteria for an effective screening test are: safety, reliability, validity, positive
results in presymptomatic period, and positive predictive value.”

The medical tests recommended for substances regulated by OSHA (and for
which permissible exposure limits had been specified) were tabulated.® (This is
included below as AppENDIX 2.) Included in the table were the name of the substance,
the Chemical Abstracts Service Registry (CAS) number, and recommendations for
specific medical tests made by NIOSH/OSHA'™" and by other data sources.®* A
glossary was also provided in the table to define the terms or abbreviations used in
the table. The intent of this table was not to provide an evaluation of the recommenda-
tions or a validation of the medical tests for use in surveillance, but to provide a
source for the medical tests described in the literature for the specific regulated agent.
The efficacy of these tests for screening workers exposed to the specific substances
was not evaluated.® This table is now available from NIOSH as a poster.

When a worker is exposed to a specific substance—e.g., trichloroethylene—the
occupational health professional needs to know the specific medical test or tests to
detect this agent or its effects on the worker. Most often, only the agent under question
gets screened for, in this case, trichloroethylene. There are agents whose metabolites
are also toxic. In such cases the worker should be screened not only for the specific
agent but also for its metabolites. In the case of trichloroethylene, the metabolites
are trichloroacetic acid and trichloroethanol, both of which are toxic. Hence, the
worker should be screened for trichloroethylene as well as the two metabolites that
are also toxic. The media that are to be used are urine, blood, and exhaled air.?

Medical tests recommended by NIOSH/OSHA and other researchers for acetone,
benzene, and carbon tetrachloride are presented in TABLE 4.

Regarding medical tests for acetone, for example, though there is a NIOSH
recommended exposure level and an OSHA permissible exposure level for acetone,
this chemical was not yet included in the Occupational Health Guidelines for Chemical
Hazards (1981-1989);!3!% however, in the Occupational Diseases book published
by NIOSH, preplacement examinations were recommended for acetone to evaluate
the worker’s skin and respiratory conditions."”

In addition to NIOSH’s recommendations, four other sources have recommended
sampling for acetone in whole blood;®?! in expired air;*'? by urinalysis (in general);?
by urinalysis at the end of work shift;? and by urinalysis during exposure.”
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Taking another example, benzene exposure has been associated with leukemia.
Thus, preplacement and periodic examinations should include the effects of benzene
on the blood and bone marrow and a history of exposure to other myelotoxic agents
or drugs or of other diseases of the blood.”® According to the Occupational Diseases
book, preplacement laboratory examinations should include (1) a complete blood
count—i.e., hematocrit, hemoglobin, mean corpuscular volume, white blood count,
differential count, and platelet estimation; (2) reticulocyte count; (3) serum bilirubin;
and (4) urinary phenol.”

Eight other data sources have recommended sampling by using one or more of
the following media for benzene exposure: urinalysis;?*?22*% yrinalysis at end of
shift;” expired air;*?** expired air prior to next shift—i.e., pre- and postshift;¥’ and
whole blood.0212%

A discussion is presented herewith regarding recommendations for urinalysis. If
the substance under question or its metabolite has a half-life of less than five hours,
the term ‘‘end of shift”” is used. That means sampling can be done during the last
two hours of exposure of that day’s shift. For the term ‘‘end of workweek,”’ the
sampling should be done after four to five consecutive days of exposure since the
half-life of the substance is greater than five hours. If “‘end of shift at end of
workweek’’ is specifically mentioned, the sampling should be done during the last
hour of the fifth day; in other words, the exposure of the fifth day also needs to be
taken into consideration before sampling is done.

Taking the medical tests for carbon tetrachloride as another example, the NIOSH/
OSHA Occupational Health Guidelines recommended that the examination of liver
and kidneys should be stressed.!® For preplacement examination, liver function tests
and urinalysis should be conducted, and these tests should be repeated on an annual
basis.!®

Other than NIOSH/OSHA, one data source recommended liver function tests,
kidney function tests, and urinalysis for the monitoring of carbon tetrachloride.”
Another data source recommended 24-hour urinalysis,?® two sources recommended
whole blood sampling,”"? and three sources recommended the sampling of carbon
tetrachloride in expired air.?'-%

CONCLUSIONS

The occurrence of occupational illnesses and diseases warrants the implementation
of active safety and health surveillance in the workplace. To assist the occupational
health provider in this effort, two NIOSH resources, (1) a list of SHEOs from
the published literature, and (2) recommended medical screening and biological
monitoring methods for OSHA regulated substances, have been described in this
report.

It is advisable that a list of SHEOs be developed in each workplace by occupation,
process, or work unit. When the process is changed, the agents used may also change,
and hence, a new list of SHEOs will have to be developed.

Also, specific medical tests should be performed by the occupational health
professional on each worker depending upon the particular agent and the extent of
exposure of the worker to that agent. To effectively and appropriately utilize these
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techniques, the occupational health professional delivering occupational medical ser-
vices must:

(1) understand the role of medical screening and biological monitoring in the
full spectrum of approaches to occupational disease prevention;

(2) be knowledgeable of the chemical, physical, and biological hazards (including
toxicity) to which the workers are exposed; and

(3) have access to scientific and regulatory literature.

The occupational health program should not be cast in stone for a particular
industry or occupational group. With newer processes and agents entering the indus-
trial environment, there will be a continual change in the nature of work, and occupa-
tional diseases will also change. For example, if another agent, say X, is substituted
for carbon tetrachloride, the required medical screening and biological monitoring
would be different if X does not cause liver or kidney dysfunction. Thus, the toxicity
of the new agent X is to be first determined, and appropriate medical tests should
be performed. Preventive measures should be taken to control the worker’s exposure
to agent X in order to prevent occupational diseases due to exposure of the worker
to agent X.

Thus, from the perspective of a health care provider, appropriate questions regard-
ing work history should be asked. To cite an example, Ramazzini (1713) would ask
the worker what kind of work he performed. Specifically, the question asked was,
““What trade are you of7’® Hence, the specific industry (4-digit Standard Industrial
Classification [SIC] code), the specific occupation (3-digit occupation code), the
vartous agents used, the duration of exposure, whether part-time or full-time exposure
to the agent, etc. are ail important parameters that a health provider should ascertain
before a diagnosis of the illness is made.

SUMMARY

To improve safety and health in the workplace, appropriate occupational health
programs should be implemented utilizing expertise from multiple disciplines. In
other words, the occupational health program should be a team effort. Expertise from
all aspects of occupational health should be utilized, from the industrial hygienist,
to the safety officer, to the occupational health nurse, and the practicing physician—
all should be involved in the program to maintain a safe and healthy workplace.

Two NIOSH resources have been described to assist the occupational health
professional in the improvement of safety and health in the workplace. First, the
SHEO approach, where a separate SHEO list is to be developed for each workplace.
This may be a problem when the physician is an outside contractor, but with the
help of the team approach, a list of SHEOs can be developed. Second, medical
screening and biological monitoring is often required. While we realize that medical
screening and biological monitoring is part of the complete occupational health
program, the table of medical tests that we have prepared’ may give some leads into
the type(s) of medical tests to be conducted on the individual worker at a particular
worksite.
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