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► INTRODUCTION 

This chapter will discuss surveillance and health screening in occu­
pational health and the common principles that guide program 
performance. 

► SURVEILLANCE IN OCCUPATIONAL HEALTH 

Surveillance in occupational health, as in other public health endeav­
ors, involves the systematic and ongoing collection, evaluation, inter­
pretation, and reporting out of health-relevant information for purposes 
of prevention. Surveillance can help establish the extent of a problem, 
track trends, identify new problems or causes, help set priorities for 
preventive interventions, and provide the means to evaluate the ade­
quacy of the interventions. Surveillance programs can focus on an 
enterprise, an industry, or on the general population. 

At the national level, surveillance data can be used to identify 
high-risk industries. One of the few sources of national data is col­
lected by the Bureau of Labor Statistics (BLS) in the Department of 
Labor, which surveys a representative sample of private sector 
employers with more than 11 employees each year. 1 The number of 
occupational illnesses and injuries is collected from each surveyed 
employer. This system is periodically revised to improve the classifi­
cation of occupational diseases and to collect more information about 
the etiology of diseases and injuries. 

The most effective workplace surveillance systems have both 
health and hazard or exposure components. While hazard surveillance 
may be less common than health surveillance, it is vital. Hazard sur­
veillance provides the opportunity to identify and intervene on haz­
ardous exposures before an injury or disorder develops. Both health 
hazard surveillance efforts are often characterized by their speed and 
practicality. Indications of abnormality generally need confinnation 
or further validation. 

Health Surveillance 
Health surveillance within an enterprise often involves analysis of the 
information gathered in baseline or pre-placement examinations and 
periodic screening testing. In addition, administrative records s~h as 
health insurance data, work absence records, workers' compensation 
claims, or worksite "incident reports" may provide insight into the 
health of the workforce. Records from poison control centers and 
from emergency room visits have been used for population-based 
occupational injury surveillance as well. Population-based workforce 
data can be analyzed for rates of disease or injury, so areas of unusual 

occurrence within an enterprise, a community, or a country can be 
identified and investigated. Some conditions such as silicosis are so 
characteristically occupational that all cases should be investigated. 
These are known as sentinel events.2 

Hazard Surveillance 
Hazard surveillance (systematic monitoring of the workplace for haz­
ardous exposures) is an important part of occupational surveillance 
activities. The identification of potentially harmful levels of exposure 
to hazardous substances or conditions before work-related diseases or 
injuries have developed or are recognized provides the opportunity 
for prevention through workplace redesign and implementation of 
engineering or administrative controls to reduce risk. 

Hazard surveillance infonnation can be collected by worker 
interview, walk-through inspections, or environmental sampling. As 
a result of hazard surveillance and other health surveillance informa­
tion, jobs can be prioritized for more intensive evaluation to identify 
hazardous exposures. The purpose of the more complete evaluation 
is to precisely assess the nature of the exposures and to evaluate pos­
sible methods to reduce exposures. Sometimes, exposures identified 
by hazard surveillance will be so clearly hazardous and ways to 
reduce the level of exposure will be so obvious that more sophisti­
cated evaluation will be unnecessary. 

In most contemporary U.S. workplaces, when hazardous expo­
sures involve only small groups of workers, serious work-related 
health problems are infrequent. It is particularly difficult to detect 
increased occurrence of common diseases that may be caused by 
occupational and nonexposures factors (alone or in combination) 
based on health surveillance alone. In contrast, with hazard surveil­
lance data, hazards may be readily identified regardless of the num­
ber of exposed workers. The ability of a hazard surveillance system 
to identify hazardous exposures depends on the 9verall accuracy of 
methods used to identify the nature and the intensity of the exposures: 

► TYPES AND PURPOSES OF WORKPLACE 
HEALTH EXAMINATIONS 

Pre-placement Examinations 
After an offer of employment is made, but before or soon after work 
is initiated, workers may undergo selective or comprehensive health 
examinations. Ethically and legally, these examinations may not be 
used to exclude the worker from employment but may be used to 
guide proper placement for the worker, identify educational and train­
ing needs. assist in the selection of personal protective equipment, 
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and identify necessary work-station design or other kinds of accom­
modations needed for workers with disabilities. These examinations 
are more likely to take place when known hazardous exposures are 
anticipated, and some are mandated by legal health standards. For 
example, each coal miner is mandated by the Mine Safety and Health 
Act (MSHA) to have a chest radiograph prior to starting underground 
coal mine work. Pre-placement examinations provide an opportunity 
for education concerning work hazards and an orientation to occupa­
tional health services. 

Medical Screening 
Medical screening ex'aminations attempt to identify health effects 
from work exposures at an earlier stage than they would ordinarily 
be detected by the worker without the examination. In general, after 
a positive screening test is confirmed, available, acceptable inter­
ventions must be able either to reverse the detected abnormality or 
to reduce the severity of the outcome. Screening is intended to ben­
efit the screened individuals. Screening programs may also indirectly 
benefit other similarly exposed workers if the detection of work­
related health effects trigger an investigation of the workplace and 
efforts to reduce hazardous exposures or change unsafe working 
conditions. If large groups are tested periodically, the resulting data 
can be analyzed to identify group trends as part of a surveillance pro­
gram as described above. Screening examinations may include 
administration of questionnaires, physical examinations, and clini­
cal tests such as tests of pulmonary or liver function. Screening 
examination should be voluntary and are intended to benefit the indi­
vidual worker who is screened. Therefore, the screening tests used 
in these one-time or periodic examinations should be evaluated to 
ensure that the tests are effective for screening objectives and pose 
minimal risk. 

Biological Monitoring 
Biological monitoring involves the measurement of workplace agents 
or their metabolites in biological specimens, usually blood or urine, 
for the purpose of monitoring the level of exposure and absorption. It 
is a common adjunct to medical monitoring or screening. This 
approach to exposure assessment is particularly useful when dermal 
absorption is possible. Biological monitoring should not be used to 
replace careful assessment of exposure conditions by other effective 
methods such as environmental air measurements. 

Susceptibility Screening 
Another type of screening, where ethical issues are particularly 
important, is the attempted identification of individuals who may be 
more susceptible to workplace toxins from individual characteristics 
such as genetic or phenotypic factors common in the general popula~ 
tion. There is currently no regulatory mandate to perfonn any such 
testing, and the perlormance of examinations for genetic or other sus­
ceptibility factors raises significant legal issues. Few validated tests 
are currently available, and the predictive value of proposed tests is 
limited. Employers continue to have a legal and ethical responsibil­
ity to maintain a workplace free of recognized hazards for the entire 
workforce, not just the least susceptible. 

General Health Appraisal 
Some employers offer limited or comprehensive health examinations 
at work as a component of an overall effort to promote employee 
health. These examinations may include structured questionnaires 
(investigating diet, exercise, tobacco use, etc.) and medical testing 
(e.g., blood pressure, cholesterol, BMI calculation) to appraise risk 
and assist in general health promotion counseling. Although general 
health appraisal examinations have traditionally been separate from 
examinations focused on occupational risk factors, there is growing 
interest in exploring the value of integrating programs for protection 
of the workforce from occupational hazards with efforts at individual 
health promotion.l 

TABLE 40-1. SELECTED EXPOSURES WITH OSHA-MANDATED 
MEDICAL EXAMINATIONS 

Acrylonitrile 
Arsenic, inorganic 
Asbesto~ 
Benzene 
Blood-borne pathogens 
Cadmium 
Coke oven emissions 
Ethylene oxide 
Noise 
Lead 

Legally Mandated Medical Examinations 
Some OSHA and MSHA standards mandate medical examinations as 
part of a comprehensive approach to prevention. For example, peo­
ple exposed to asbestos or cotton dust in general industry must be 
offered periodic pulmonary examinations; lead-exposed workers 
must undergo periodic blood lead analyses; and workers exposed to 
excessive noise must be offered periodic audiometry. Examinations 
either focus on the primary .. target organ" of the toxin, as with 
asbestos, or involve biological monitoring as with lead. Table 40-1 
lists selected substances from among approximately 30 OSHA Stan· 
dards requiring medical screening or surveillance. Generally, exami­
nations are required if a worker is exposed above a specific level of 
exposure, which is often one-half of the 8-hour permissible exposure 
limit (PEL).' For example, OSHA requires baseline and annual 
audiometry testing in employees exposed to noise at an average of 
85 dBA or above for a typical 40-hour work week. NIOSH recom­
mends health examinations for a broader list of agents than those cov­
ered by OSHA or MSHA standards. 

► ETHICAL ISSUES IN HEALTH EXAMINATIONS 
IN THE WORKPLACE 

The relationship between the health-care provider and the examinee 
in occupational settings is different from the traditional physician­
patient relationship. In the traditional physician-patient relationship, 
the health-care provider serves only the interests of the patient and the 
health-care provider's only loyalty is to the patient. When the 
employer hires or contracts for the occupational health-care provider, 
the provider may have difficulty resolving conflicts of interest 
between the employer and the employee-patient. This conflict is one 
of the most important ethical "oncerns of occupational health.5 Ethi­
cal codes have been developed by professional organizations such as 
the American College of Occupational and Environmental Medicine 
(ACOEM) and the International Commission on Occupational Health 
(ICOH).6•7 Rothstein has proposed a Bill of Rights of Examinees.' 
ICOH codes explicitly deal with many of the issues related to screen­
ing and surveillance activities, and the ACOEM has a position on 
medical surveiliance in the workplace. 8 All of these codes recognize 
the need to maintain the confidential nature of most medical­
screening infonnation. 

Legal responsibilities to maintain medical infonnation confiden­
tially is reinforced by the Americans with Disabilities Act (ADA)9 and 
mandated by the Health Insurance Portability and Accountability Act 
(HIPAA).10 All medical information must be collected confidentially 
and stored in separate, secure medical files. Under ADA, management 
may be informed of workers' restrictions that limit their ability to per­
form the job duties. In addition to ADA and HIPAA, other federal and 
state laws or regulations such as the Occupational Safety and Health 
Act, Department of Transportation examinations for intersta.te truck 
drivers, or state laws on human immunodefiency virus (HIV), or drug 
testing deal with the issue of medical confidentiality. While the OSHA 
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TABLE 40-2. CRITICAL INFORMATION CONCERNING MEDICAL 
EXAMINATIONS IN THE WORKPLACE 

The purpose and nature of the examination and any risks 
Who is employing the health-care provider 
Policies and practices to protect the confidentiality of the collected data 
Who will be provided with the results of the examination 
How the information will be used, including what actions will be taken 

to further evaluate possible hazardous workplace exposures 
How the worker will be notified of individual and group test results 
How the worker may have access to his or her health records 
How medical follow-up may be obtained if the test results are positive 

Data from Rothstein MA. Legal and ethical aspecls of medical screening. 
OccupMed.1996;11(1)31-9. 

mandates various pre-placement and periodic medical examinations 
that employers must offer employees, the employees have the right to 
refuse to participate in these OSHA-mandated examinations unless 
participation is specified in an employee-employer contract. Main­
taining the confidentiality of medical data is not only important from 
legal and ethical perspectives but is critical in facilitating the 
employee's participation in the program. 

One of the best methods to address the ethical issues in work­
place examinations and to ensure a high level of voluntary participa­
tion in a workplace screening program is to carefully educate work­
ers about the program. Rothstein has suggested a number of issues 
that should be addressed in any education effort5 (Table 40-2). 

► OTHER PROGRAM DESIGN ISSUES 

The value of preventive examinations at work depends on a number 
of program planning and design elements. 11 The purpose (or purposes) 
of any program should be clear both to those performing examinations 
and to the intended beneficiaries. As a rule, programs for screening 
and surveil1ance respond to the presence of hazardous exposures in 
the workplace and focus on workers most likely to be exposed. Exam­
inations should be selected to identify early evidence of significant 
health effects that might result from these exposures. Tests of rea­
sonable sensitivity, specificity, and predictive value must be avail­
able, and a process for confirmation of abnormal tests and medical 
follow-up incorporated into the program. Most questionnaires and 
some of the medical tests that are commonly included in occupational 
screening programs have not been extensively evaluated for their 
ability to detect those with and without adverse effects. An efficient 
medical screening program should detect most individuals with sub­
clinical adverse health effects (high sensitivity) while not mislabel­
ing any truly healthy individuals (high specificity). Tests must be free 
of any significant risk for the screened subjects, since the main use of 
the test is to identify subclinical disease or diseases before an employee 
would normally seek health care. Tests must also be acceptable to the 
screened population. 

OSHA or MSHA standards or NIOSH recommendations can 
help guide program development. International organizations such as 
the International Labor Organization (ILO) and World Health Orga­
nization (WHO) have developed materials that are useful in designing 
occupational health surveillance programs. 12·13 Table 40-3 summa­
rizes design elements for workplace health examinations. 

An individual is responsible for oversight of the program and 
should be identified. Trained and qualified technicil and professional 
staff should be performing all components of the examinations. Ade­
quate maintenance and calibration of equipment is necessary to 
obtain valid test r~sults that can be compared with one another over 
time to track health status in individuals and groups. Individually 
identifiable health information must be stored in a way that meets 
legal and ethical obligations to protect confidentiality. 

TABLE 40-3. COMPONENTS OF A MEDICAL SURVEILLANCE 
PROGRAM 

Exposure assessment and identification of most likely adverse health 
effects 

Selection of medical tests based on evaluation of test characteristics 
Identification of employees to be tested and testing frequency 
Training of testing staff 
Analysis and interpretation of individual and group test results 
Actions based on test results 

Verification of test results 
Notification of employees and the employer while protecting 

confidentlality 
Additional tests or treatment and steps to reduce an individual's 

exposure 
Exposure evaluation and reeducation of hazardous exposures 

Maintenance of records 
Evaluation for adequate quality control and revise based on the 

program performance 

Selection of tests and test frequency can be a challenge. Profes­
sional organizations may provide guidelines to assist in equipment 
selection and test performance, 14 and comprehensive health regula­
tions or guidelines in some instances specify test standards and fre­
quency. When programs are being designed de novo and are not in 
response to a legal mandate, tests should be performed frequently 
enough to identify problems that may arise between test cycles suffi­
ciently early to intervene effectively and should also take into con­
sideration the likelihood that not every worker will participate in each 
test cycle. Interpretation of changes in test results in any individual 
over time must take into consideration expected fluctuations in test­
ing in individuals or populations as well as variability related to 
equipment, technician performance, etc. Test selection and frequency 
is often resource dependent. 

The adequacy of some surveillance programs attempting to track 
trends or determine the success of interventions depend on reasonable 
levels of participation of the workforce. If a program provides work­
ers with the type of infonnation listed in Table 40-2, a high level of 
participation is more likely. Privacy and confidentiality must be 
assured. Consent to any testing must be provided, and all programs 
must be free of any hint of coercion. Individuals who participate in 
programs for medical screening and surveillance should be given 
their own individual test results and counseling should be available 
to provide answers to any resultant questions and advice on any 
follow-up that might be appropriate. Participants should also have 
access to the results of analyses of group data and be informed of any 
actions taken in response to problems identified. 

► DATA ANALYSIS 

Effective health screening and surveillance programs depend on data 
analysis, although this analysis does yot need to be sophisticated. In 
some instances, confirmation of any occurrence of an abnormal 
potentially occupational condition such as tuberculosis in a health­
care setting should immediately stimulate further evaluation and 
response. In other settings, calculation of rates and analysis of trends 
is needed to target work areas requiring intervention. Screening and 
surveillance can identify problems but do not prevent them. The 
analysis of the data and the response to findings are critical steps for 
reducing the burden of disease and injury in individuals and groups. 

One of the features of an effective surveillance program is the use 
of a standard coding system for recording health outcomes. Standard­
ized coding permits more homogeneous disease categories comparable 
across an industry or among industries with common exposures. For 
example, the ILO disseminates a standardized method for classifica­
tion of chest x-rays for the presence of pneumoconiosis15 and the 
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WHO disseminates an International Classification of Diseases, facil­
itating common coding of medical records. 16 

Surveillance systems generally have to be as cost effective as 
possible to be widely used. The principal advantage of using existing 
data sources such as workers' compensation records is low cost. Sup­
plementing an existing surveillance system with an additional com­
ponent such as symptom questionnaires should be considered when 
observations of the workplace suggest that there are potentially haz­
ardous common exposures, but the existing surveillance data suggests 
that there are no problems. 

The apparent absence of problems will commonly occur for two 
reasons: the exposures are nothigh enough to cause any health com­
plaints or underreporting. Underreporting of problems is likely to be 
more common where there are obstacles or disincentives to the 
reporting of a possible disorder to supervisors or health profession­
als. For example, if an organization gives awards to departments 
without lost time injuries or work-related disorders, either supervisors 
or coworkers may discourage reporting. More active collection of 
surveillance data is indicated when there is simply no existing health 
surveillance information to determine if a problem exists but sub­
stantial exposures are common. For example, in many sectors of the 
economy, OSHA logs are not required. 

Symptom questionnaires are used frequently for workforce sur­
veillance and may be administered by a number of methods. The 
analysis of questionnaire data requires some training. Generally, the 
case definition ffiust be defined prior to analysis. The purpose of these 
definitions is to improve the uniformity or consistency of the data col­
lected, thereby improving the quality of the surveillance data. The goal 
is to ensure that cases have a common set of characteristics. Symptom 
questionnaires are generally not used to establish a clinical diagnosis 
unless supplemented by other more definitive health examinations. 

The analysis of health surveillance data is conceptually similar to 
the analysis of epidemiological research data. 17 In the analysis of sur­
veillance and epidemiological data, issues of misclassification and ran­
dom or systematic errors in assessing either exposures or health out­
comes should be considered. Errors due to misclassification are likely 
to be more common with surveillance data compared to epidemiolog­
ical research data. When the goal of the analysis is to determine if a 
specific group of workers or jobs is associated with an elevated risk, 
use of an internal comparison reference group from the same organi­
zation rather than some external comparison is useful since the identi­
fication of cases within an organization and their reporting are likely 
to be similar. While random and systematic errors in surveillance data 
limit the conclusions that can be drawn, these limitations are less 
important, since the goals of the surveillance analyses are the identi­
fication of a possible problem than in hypothesis-testing epidemio­
logical research. Changes in requirements for case reporting may 
occur over time in surveillance systems, making longitudinal analy­
ses difficult. 

Frequently in the analysis of surveillance data, the variation in 
risk between jobs, departments, or industries is so large that real dif­
ferences in risk can be characterized by simple statistical analyses and 
are unlikely to be explained principally by errors in the classification 
of disease, confounding factors, or random errors. Nevertheless, sur­
veillance data should always be interpreted cautiously, given its limi­
tations. The goal of the analysis of surveillance data is to trigger further 
investigation if a problem is detected, not to definitively establish its 
presence or absence. 

The magnitude of the occupational injury or disease problem can 
be estimated at the national, state, or enterprise level. Local surveil­
lance systems are typically based on one or more of the following data 
sources: ( a) OSHA 200 log, an important source of data for the 
BLS surveillance system;18 (b) in-plant medical records or logs; or 
( c) workers' compensation records. Analytic methods such as capture­
recapture methods using different data sources to examine the same 
outcome in the same population can be helpful in improving the 
validity of estimates of the magnitude of disease occurrence.19 

Analyses of surveillance data for the purpose of determining the 
magnitude of a problem may suggest a possible cause for the problem. 

Since resources for evaluating exposures and iµiplementing possible 
prevention strategies are commonly limited, surveillance data identi­
fying the magnitude of the problem should be used to guide resource 
allocation for further investigation and preventive activities. 

The goal pf many surveillance systems is to track trends in the 
number of workers exposed to occupational hazards, or the number 
of workers with injuries, disorders, and diseases over time. A major 
uses of trend data is to qualitatively evaluate the effectiveness of pre-­
vention activities. However, an important limitation of surveillance 
data is that changes in the rate of disorders may be due to changing 
levels of exposure or changes in reporting of disorders independent 
of their level of occurrence. Despite the limitations of surveillance 
data systems, the opportunity they provide for evaluation of preven­
tive efforts is often unique because large-scale research evaluations 
of intervention programs are difficult and costly to undertake. 

► CONCLUSIONS 

Occupational health surveillance can contribute to improved pre-­
vention of occupational disease and injury. Health examinations at 
work are the "inputs" for programs aimed at early identification of 
adverse effects to reduce disease in individuals and for programs of 
surveillance designed to identify new hazards, track trends, and eval• 
uate the adequacy of interventions for groups of workers. Hazard 
surveillance is another significant element in comprehensive occu• 
pational disease and injury prevention efforts. The development and 
conduct of any successful program that includes health examinations 
must address critically important ethical issues including those of 
worker autonomy and confidentiality. The results of health exami­
nations and hazard information, thoughtfully analyzed, can help tar­
get preventive interventions. Surveillance systems can contribute to 
prevention but do not, in themselves, prevent disease or injury. This 
is done through the recognition and control of hazardous exposures 
at work. 
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