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Scand J Work Environ Health 1992;18:273—7. Occupational studies have played a major role in the
identification of chemical carcinogens. There still remain, however, substances and occupations that de-
serve further evaluation. The more careful control of potentially hazardous exposures in most developed
countries has necessitated a change in the conduct of epidemiologic investigations. The lowering of ex-
posures and the lack of a simple correspondence between specific exposures and one or a few jobs under-
scores the need for careful reconstruction of historical exposures. The most successful reconstructions
will include the integration of monitoring data, historical information on work histories and work prac-

tices, and use of biochemical markers.
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Occupational studies have played a prominent role in
the identification of environmental carcinogens. Over
25 agents and industrial processes evaluated in mono-
graphs 1-42 of the International Agency for Research
on Cancer (IARC) are considered to be carcinogenic
to humans (1). These agents and processes and the ap-
proximate dates of publication of the relevant evidence
are presented in table 1. It is interesting that all of the
relevant studies were published before 1980, and many
of them before 1970 (1, 2). This time sequence sug-
gests a decrease in the identification of occupational
carcinogens. However, other explanations are possible.

One explanation might be that there has been a de-
crease in epidemiologic research on occupational ex-
posures. There is no evidence, however, of such a ten-
dency. To the contrary, 212 epidemiologic studies on
occupational cancer were reported in 1977 in the [ARC
Directory of On-going Research in Cancer Epidemi-
ology, while 442 were listed in 1989—1990, a twofold
increase (3).

There may be a lag between initial discovery and the
development of consensus among the scientific com-
There are currently several chemicals with limited hu-
man evidence, including acrylonitrile, beryllium, acid
mists, insecticide spraying, silica, formaldehyde, eth-
ylene oxide, some organic solvents, and phenoxyacetic
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herbicides. With additional evidence, these substances
may eventually be included in the list of human car-
cinogens.

Epidemiologists tend to study well-known risks. In-
deed, in the aforementioned IARC directory, the
chemicals with the greatest number of on-going inves-
tigations include arsenic, asbestos, chromium, nick-

Table 1. Agents and industrial processes evaluated as carcino-
genic to humans in IARC monographs 1—42 and the approxi-
mate year of first demonstration of carcinogenicity.?

Agent or industrial process Year
Aluminum production 1979
4-Aminobipheny! 1955
Arsenic and arsenic compounds 1947, 1957
Asbestos 1935, 1948
Manufacture of auramine 1954
Benzene 1930, 1974
Benzidine 1949
Bis(chloromethyl) ether (BCME} and

chloromethyl methyl ether (CMME) 1973
Boot and shoe manufacturing 1970
Chromium compounds, hexavalent 1953
Coal gasification 1931, 1952
Coal-tar pitches/coal tars 1931, 1976
Coke production 1920, 1937
Furniture and cabinet making 1967
Hematite mining (radon exposure) 1956, 1970
Iron and steel founding 1938, 1975
Isopropyl alcohol manufacturing

(strong-acid process) 1952, 1966
Manufacture of magenta 1954
Mineral oils (untreated and mildly treated) 1937, 1978
Mustard gas 1963
2-Naphthylamine 1954
Nickel and nickel compounds 1952
Rubber industry 1954
Shale oils 1922
Soots 1775, 1937
Talc containing asbestiform fibers 1967
Vinyl chloride 1974, 1976

2 Approximation is due to the fact that a single crucial inves-
tigation is identifiable for only a few chemicals.
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el, polycyclic aromatic hydrocarbons, and vinyl chlo-
ride, all of which have a long-standing demonstration
of carcinogenicity (3). Others have noted this tenden-
cy and have suggested that new leads are not being
followed-up as quickly as they should be (4). The in-
creasing number of occupational studies between 1977
and 1990 suggests, however, that a focus on established
carcinogens is likely to provide only a partial expla-
nation of the decreasing discovery rate.

Since much of the occupational research takes place
in developed countries, we believe the decreasing rate
of discovery may reflect the increasing difficulty in un-
covering occupational carcinogens. This difficulty
could be due to changes which took place in the last
few decades in occupational settings of the developed
world. Exposure standards for recognized carcinogens
have been tightened, and this change may have resulted
in a general lowering of other exposures. Many haz-
ardous activities have also been transferred to the Third
World. For example, asbestos manufacturing has been
transferred from the United States to Mexico, and
from West Germany to Yugoslavia and Korea, and the
production of benzidine has been transferred from Ja-
pan to several underdeveloped countries (5). This shift,
and the generally improved work conditions in West-
ern countries, would reduce exposures and make it
more difficult to detect excesses of cancer incidence
and mortality in epidemiologic investigations.

The change in the character of occupational settings
in developed countries affects the sensitivity of tradi-
tional exposure assessment methods used in occupa-
tional epidemiology because exposures are less intense
and because it is rare to see close correspondence be-
tween a specific exposure and one or a few job titles.
For example, the carcinogenicity of mineral oils was
discovered because of the use of such oils in ““mulespin-
ning’’ in the textile industry, the carcinogenicity of ben-
zene because of its use in shoe factories, that of arse-
nic because of copper smelting, and so on. Many ex-
posures under investigation today cannot be evaluated
so simply. Exposures in today’s workplaces, such as
the aircraft industry or certain types of agricultural ac-
tivities, cannot be described by identifying a few job
titles which entail a limited number of chemical ex-
posures. This complexity makes it difficult to link a
specific job with a particular chemical exposure. For
example, in agriculture more than one pesticide can
be used on a crop during the year, several crops can
be grown, and jobs are not specialized as to crop or
chemical.

The modern occupational environment, with its
more difficult to evaluate exposure situation, requires
that occupational epidemiologists employ new ap-
proaches to generate leads. In the past, the generation
of new hypotheses concerning occupational cancer oc-
curred by (i) observation of series of cancer cases in
specific occupations by clinicians or pathologists, such
as in the example of vinyl chloride and liver angiosar-
coma (6), (ii) description of case clusters (for example
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in a factory) by companies or the unions, such as in
the example of bis(chloromethyl)ether (7), (iii) geo-
graphic correlations (ie, studies that related the con-
centration of specific industries to the frequency of
cancer in given geographic areas (8), (iv) analysis of
causes of death and jobs as reported on death certifi-
cates [this was the procedure which generated, for ex-
ample, the association between electrical work and the
risk of leukemia (9)], (v) studies based on the linkage
of census data (related to occupations) and incidence
or mortality statistics (10), and (vi) case-referent
studies, in which the occupational histories of subjects
affected by cancer (cases) are compared with those of
healthy subjects (referents) (for examples concerning
agriculture see reference 11).

These approaches, although limited because they are
based primarily on job titles, worked reasonably well
when exposures were high and the workplace was less
complex. However, the limitation has become magni-
fied in modern employment conditions of workers per-
forming multiple tasks. For this reason some research-
ers have developed new and detailed exposure-
assessment procedures for both cohort (12, 13) and
case-referent studies, for example, job-exposure ma-
trices that link exposures to job titles (14, 15). The case-
referent approach was developed to a high level in a
project conducted in Montreal by Siemiatycki and his
colleagues (16), in which very detailed occupational his-
tories were collected from cancer cases and population
referents. Occupational histories were subsequently
evaluated by expert hygienists and chemists in order
to assess exposure to chemical substances. One of the
key aspects of this approach was the use of indepen-
dent exposure assessments to validate the procedures.
For example, the occupational histories of 18 welders
were independently evaluated by three experts in weld-
ing and two chemists. On the average, 23 chemical ex-
posures were attributed to each welder by these evalu-
ators. The concordance between experts was 96 %, and
the kappa index of interrater agreement was satisfac-
tory (16).

Although the study by Siemiatycki and his colleagues
was mainly devoted to the generation of new hypoth-
eses, it dealt with a general problem of occupational
studies (ie, the need to improve exposure assessment).
Their effort went considerably beyond that typically
expended on job-exposure matrices. It appears, how-
ever, to be worthwhile. A comparison of the Montreal
approach with the typical job-exposure matrix type of
effort indicated that the misclassification of exposures
was reduced, the result being improved power to de-
tect associations (17). The value of more quantitative
exposure assessment procedures was also indicated in
a review of occupational studies (18), which noted that
detailed quantitative exposure estimates were more
likely to show monotonic exposure-response gradients
and large relative risks than studies that relied on du-
ration of exposure. Although the results remain to be
confirmed, the Montreal approach has provided sever-



al new leads regarding cancer etiology, the relation-
ship between non-Hodgkin’s lymphomas and grain and
cotton dust, prostate cancer and grain and paper dust,
and gasoline exhausts and colorectal cancer (19-21).
The background, methods, and results of the Montreal
study have been recently published in a book (22).

Use of biochemical markers

The introduction of the use of biochemical markers
into the occupational epidemiology of cancer has sever-
al different goals, including the same purpose as the
aforementioned improvements in exposure assessment
by experts (ie, to reduce the dilution of relative risks
due to misclassification of exposure). The most promis-
ing markers would be those which reflect exposures
specific to the time preceding cancer onset (to take in-
duction time into account) and those which reflect in-
teraction between chemical exposures and the biolog-
ical target of the carcinogenic process. The first criteri-
on is difficult to fulfill because of the turnover of eas-
ily accessible tissues for biomarker analyses in days or
weeks, but not years, as would be required for cancer
latency. One of the best candidates for further develop-
ment and application to field studies are deox-
yribonucleic acid (DNA) adducts, although the use is
also limited by the short time elapsing between ex-
posure and detection in most tissues. There is a small,
but growing, number of examples of the measurement
of adducts in the occupational setting. Table 2 shows
the results of a study conducted among foundry work-
ers in Finland. Both the proportion of subjects with
benzopyrene-DNA adducts in their lymphocytes and
the mean adduct level were clearly correlated with the
level of exposure as measured by conventional methods
(23); the adducts provide a consistent, monotonic
trend.

Time is a limitation that is more of a problem for
biochemical markers than for the expert assessment
of exposure with the use of questionnaires. Cancer in-
duction times are typically 20 years or more and
biomarkers usually express exposures that occurred in
recent weeks or months. New techniques may offer op-
portunities to overcome this limitation. For example,
the mutation spectrum of p53 tumor suppressor gene
among uranium miners showed a pattern of base sub-
stitutions that differed from those associated with
tobacco (24). The technique may offer opportunities
to identify markers specific for other occupational ex-
posures.

On the other hand, information on occupational ac-
tivities 20 or 30 years before interview can be obtained
directly, although recall and expert assessment of ex-
posure is relatively less accurate for events long past.
Even though we believe that including biologic mea-
sures of exposure in epidemiologic studies is of value,
it should not be taken for granted that a biomarker
always performs better than a traditional tool, such
as a questionnaire. For example, let us suppose we
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want to measure accurately the smoking habits of an
occupational population in order to control for con-
founding. Urinary cotinine and nicotine levels may be
more accurate than the use of a questionnaire; but how
much, and at what cost? Is it worth collecting urine
specimens, with the risk of conflicts and lack of trust
on the part of the workers? If the positive predictive
value of a questionnaire compared with that of a bio-
chemical measure is 0.94, what is the additional gain
provided by cotinine-nicotine measurement? Accord-
ing to clinical epidemiology, our ‘‘rough’’ evaluation
based on the questionnaire is the pretest probability
that the individual smokes, and the cotinine-nicotine
measurement represents the posttest probability. The
contribution of the biomarker can be, therefore, esti-
mated as the difference between the two probabilities.
In this case the improvement is actually marginal. One
property of this clinical reasoning is that the perfor-
mance of a test is best in intermediate situations, but
poorer in situations with very low a priori chances (say,
pretest probabilities of 0.1-0.2 or less) or almost cer-
tainty (probabilities of 0.9 or more). Use of biochem-
ical measures to confirm exposure estimates based on
other data should be encouraged, however. Disagree-
ments between two approaches are also valuable.
When inconsistencies occur, we may not be able to de-
termine which exposure assessment is correct, but the
situation indicates that exposure assessment is a prob-
lem.

Need for occupational studies

Although epidemiologic studies of occupational ex-
posures may be more difficult today, they are needed
to protect workers from preventable hazards, to iden-
tify new environmental hazards, to set public health
priorities, and, when coupled with biochemical mea-
sures, to determine pathogenetic mechanisms. There
are still many chemicals which are suspected human
carcinogens but for which the human evidence is weak
or lacking (1). Epidemiologic studies employing
detailed exposure assessment procedures are needed to
evaluate human risks posed by these substances and
to identify new environmental hazards. Studies of oc-
cupational groups have played, and will continue to
play, an important role in the identification of environ-
mental carcinogens because exposures in the workplace

Table 2. Example of the use of biochemical markers in an oc-
cupational setting: polycyclic aromatic hydrocarbons-deoxyri-
bonucleic acid adducts in foundry wdrkers (23).

Percentage
Exposure group positive Mean adduct level2
No exposure 20 0.22
Low exposure 72 0.80
Medium exposure 100 21
High exposure 100 5.0

a2 Mean number of adducts/107 nucleotides.
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are often heavier and of longer duration than those
experienced by the general public.

It is important for planning purposes to know how
many of the cancers that arise in a population are due
to occupational exposures. Most estimates are around
5% (25, 26). A systematic approach to estimating the
burden of lung and bladder cancer attributable to oc-
cupation has been recently applied (27). In this exer-
cise, all of the case-referent studies on occupation and
bladder or lung cancer were reviewed. Only investiga-
tions which allowed for the control of confounding
from tobacco smoking were considered, and stan-
dardized criteria were used to evaluate the literature
published. The attributable risk for lung cancer ranged
between 1 and 5% (in studies in which asbestos was
the only or the main exposure considered) and 40%
(in a study with a very high proportion of subjects ex-
posed to ionizing radiation). For bladder cancer the
estimates were between about 1 and 20%. Considerable
variability among geographic areas was noted, main-
ly as a consequence of variable proportions of exposed
workers in the different populations studied. Within
the United States estimates for lung cancer from five
similarly designed studies ranged from 3% (Louisiana)
to 17% (Pennsylvania) (28) (table 3). In this study,
attributable risks were higher for blacks, a finding sug-
gesting different levels of exposure to carcinogens with-
in the same job. Overall, this systematic estimation of
attributable risks indicates that a single figure at the
national level may not be prudent, because of the large
within-country variations. Although these estimates are
not large, they are comparable with estimates for other
environmental factors, except for smoking and diet
(25, 29). Occupational exposures are, however, more
easily preventable than life-style exposures. Prevention
of occupational cancer requires a concerted interna-
tional, national, and local effort. Regulations are par-
ticularly needed in countries, such as most of the Third
World and Eastern Europe, where regulatory atten-
tion to occupational exposures has been weaker.

In summary, occupational studies have played a ma-
jor role in the identification of chemical carcinogens.
There still remain, however, substances and occupa-
tions that deserve further evaluation. The more care-
ful control of potentially hazardous exposures in most
developed countries has necessitated a change in the

Table 3. Proportion of exposed cases, relative risk, and propor-
tion attributable to occupational exposure for occupations as-
sociated with a high risk of lung cancer (included in a list of
known lung carcinogens) in five states of the United States (28).

Exposed : 3

Relative 95 % confidence Proportion

State c(aaze;s ris’ interval attributable
Louisiana 16 1.2 0.9—1.5 3.0
Virginia 32 1.3 0.8—2.0 10.0
New Jersey 26 1.4 1.1—-1.8 1.0
Florida 25 1.4 1.0—21 10.0
Pennsylvania 43 14 0.9—2.1 17.0

2 Adjusted for smoking status, age, and birth cohort.
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conduct of epidemiologic investigations. The lower-
ing of exposures and the lack of a simple correspon-
dence between specific exposures and one or a few jobs
underscores the need for careful reconstruction of
historical exposures. The most successful reconstruc-
tions will include the integration of monitoring data,
historical information on work histories and work
practices, and the use of biomarkers.
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