
 1979;29;144-168 CA Cancer J Clin
David Schottenfeld and Joanna F. Haas 

 Carcinogens in the Workplace

This information is current as of February 22, 2007 

 http://caonline.amcancersoc.org
the World Wide Web at: 

The online version of this article, along with updated information and services, is located on

 http://caonline.amcancersoc.org/subscriptions/individuals only): 
, go to (USCA: A Cancer Journal for CliniciansTo subscribe to the print issue of 

ISSN: 0007-9235. Online ISSN: 1542-4863. 
Clifton Road, NE, Atlanta, Georgia 30329. (©American Cancer Society, Inc.) All rights reserved. Print 

 is owned, published, and trademarked by the American Cancer Society, 1599CANovember 1950. 
Lippincott Williams & Wilkins. A bimonthly publication, it has been published continuously since 

 is published six times per year for the American Cancer Society byCA: A Cancer Journal for Clinicians

 by guest on F
ebruary 22, 2007 (©

A
m

erican C
ancer S

ociety, Inc.) 
caonline.am

cancersoc.org
D

ow
nloaded from

 

http://caonline.amcancersoc.org
http://caonline.amcancersoc.org/subscriptions/
http://caonline.amcancersoc.org:80


When international age-adjusted cancer
incidence rates first became available in
the early 1960's, patterns prevalent in the
low risk countries of Africa and Asia were
compared by Higginsonâ€•2 with those pre
vailing in the United States' white popula
tion or in the western European countries.
The total incidence of cancer in a hypo
thetical population at minimal risk was
calculated by summating the lowest age
adjusted rate for each site from the most
appropriate country. Ugandans, Nige
rians, and the South African blacks, for
example, were at lowest risk for cancers
of the lung, stomach, large intestine, cor
pus uteri and kidney. The Singapore regis
try recorded the lowest rates for cancers of
the pancreas, urinary bladder and breast.
Conversely, the rate for primary hepato
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cellular carcinoma was highest in Mozam
bicans and in the South African blacks,
whereas it was lowest in the United States
white and black populations. Carcinoma
of the nasopharynx was highest in Singa
pore. Higginson estimated that the age
adjusted cancer incidence in the hypothet
ical population at minimal risk was one
fifteenth of that in the males, and one
ninth of that in the females of high risk
countries. A preliminary analysis indi
cated that the hypothetical cancer inci
dence was one-third of that observed in
the United States white population. From
these geographical differences, it was pos
tulated that 70-90 percent of human can
cers are likely to be due to environmental
factors and, by implication, preventable
after extrinsic factors are identified.

Studies of various migrant populations
have measured shifts in cancer mortality
and incidence as groups move from one
part of the world to the other. If genetic
factors were primarily responsible for the
international differences in risk, then the
prevailing rates among population groups
that migrate should remain relatively
fixed. However, the evidence to date in
dicates that the risks of cancer in organs
of the digestive (i.e., stomach and large
intestine) and reproductive (i.e., breast,
corpus uteri and ovary) systems were dis
placed from the rates prevailing in the
country of origin toward those experi
enced by indigenous residents of the host
country.3
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In a monograph published in 1975, it
was estimated that we already have the
knowledge to prevent 30 to 40 percent of
the common cancers in the United States@
Current â€œ¿�bestâ€•estimates of the percent
age of all human cancers that may be at
tributed to occupational exposure range
between one and five percent.5 A more ex
treme assessment of the causal fraction
due to occupational exposure may pertain
to uncommon types of cancer (e.g., angio
sarcoma of the liver, mesothelioma of the
pleura or peritoneum, scrotal cancer), or
in the instance of squamous cell carcino
mas of the lower urinary tract in men.
Among men 20-74 years of age, approxi
mately 20 percent of bladder cancers are
related to occupational exposure.6

Industrial agents may not necessarily
be confined to the workplace, but may
spread by polluting ambient air or water in
the general environment. Current esti
mates from the Environmental Protection
Agency (EPA) indicate that there are as
many as 50,000 chemical substances, ex
cluding pharmaceuticals and food addi
tives, in common use. In the past 10 years,
the production of synthetic organic chem
icals in the United States has increased
more than 2.5 times over that of previous
years, although relatively few of the new
compounds have been studied adequately
for carcinogenic potential. Standards of
Threshold Limit Values (TLV's) of expo
sure have been promulgated for only a
small number (less than 500) chemicals to
which workers are exposed. Although new
regulatory approaches are urgently re
quired for occupational carcinogens, the
present conservative posture of the federal
agencies is to view human carcinogenicity
of industrial chemicals as a relatively un
common phenomenon.7

HistoricalOverview

workers in certain arts and crafts
sometimes derive from them grave inju
ries, so that where they hoped for a sub
sistence that would prolong their lives and
feed their families, they are too often re
paid with the most dangerous diseases...â€•

From De Morbis Artificum Diatriba,
Bernardino Ramazzini, 1700

Up until the late Middle Ages, the impact
of the occupational environment on the
manual worker had not received careful
attention by practitioners of medicine. Be
cause expanding commercial enterprise
during the 15th century increased the de
mands for gold, silver, iron, copper and
lead, the miners and metal workers were
among the earliest occupational groups to
be studied. The first publication concern
ing an occupational disease was prepared
in 1472 by Ulrich Ellenbog, a German phy
sician from Augsburg. The pamphlet was
entitled, On the Poisonous, Evil Vapors
and Fumes of Metals, and described the
irritating effects of the fumes of lead and
mercury experienced by goldsmiths. In
1556, De Re Metallica was published by
Georgius Agricola, who prepared a com
prehensive treatise on the accidents and
diseases prevalent among the miners and
smelters of gold and silver. He attributed
their chronic lung disease (â€œminer'sasth
maâ€•)to the inhalation oTdust, and recom
mended the use of facial masks and the
need for adequate ventilation.6'Â°

With the publication in 1700 of the
first edition of De Morbis .-4rtificum Dia
triba (Discourse on the Diseases of Work
ers), Bernardino Ramazzini founded oc
cupational medicine. His book was a
comprehensive survey of existing knowl
edge of the nature of diseases believed to
be caused by a particular craft or work
setting. Physicians were instructed to go
beyond traditional Hippocratic practice
and inquire of the work activity of each
patient. The patterns of disease or health
within a given population were now to be
viewed in the broad context of social
class.

The first clinical report of occupation
al chemical (hydrocarbon) carcinogenesis
has been attributed to Percivall Pott who
described in a brief essay in 1775 cancer
of the scrotum among chimney sweeps in
England. The condition was acknowl
edged in the trade as the â€œ¿�sootwart,â€• be
cause it was assumed to be due to chronic
exposure to soot. As Pott wrote, â€œ¿�The
disease in these people seems to derive its
origin from a lodgment of soot in the
rugae of the scrotum...â€• Although this
treatise, which appeared in Pott's book
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Chirurgical Observations, has been re
garded as a seminal paper in preventive
oncology, there was no explicit discussion
of the compelling need for careful person
al hygiene and laundering of work clothes.

Domestic soots contain hydrocarbons
and tars which arise from the incomplete
combustion of carbonaceous materials
such as wood, coal and oil. It is of interest
that the incidence of scrotal or â€œ¿�sootcan
cerâ€•in England was reported to be signif
icantly higher than in Scotland and Ger
many. The geographic differences in risk
were not registered precisely, but were of
sufficient magnitude to require considera
tion of the unique features of exposure
and life style of the English sweeps. Such
factors in England included earlier substi
tution of coal for wood, employment of
young children who would crawl through
flues rather than pulling up the debris
without working from within them, and
marked differences in personal washing
practices.'2'3

Henry Earle, a grandson of Percivall
Pott, observed in 1823 that only a small
proportion of the exposed individuals
would manifest disease more than 20
years after their work experiences. He
conjectured about â€œ¿�constitutionalpredis
position... which renders the individual
susceptible to the action of soot.â€• Thus,
the â€œ¿�sootcancerâ€• in chimney sweeps was
serving to stimulate biologic concepts
about external factors, predisposing host
factors, tissue susceptibilities, and the la
tency of chemical carcinogenesis.

The expanding industrial revolution
after 1850 created an increasing need of
lubricating oils for machines. Volkmann,
Bell and Butlin reported during the latter
half of the 19th century that scrotal can
cer occurred in tar, paraffin and shale oil
workers. These derivatives of coal tar
were also shown to be carcinogenic to the
skin and vulva. Butlin also raised the
troublesome prospect of inhaled and in
gested domestic soots giving rise to inter
nal cancers. In 1915, the Japanese work
ers, Yamagiwa and Ichikawa, produced
cancer on a rabbit's ear by painting it with
tar. Later, similar results were produced
in other animal species using soot, coal
tar pitch, anthracene oil and creosote de

rivatives of coal tar. Cook and Kennaway
in the 1930's isolated benzo(a)pyrene, a
potent, polycyclic hydrocarbon carcino
gen, from coal tar.'4

EpidemiologicMethods
For DeterminingRisks
AmongExposedWorkers

â€œ¿�Theproper study of mankind is man.â€•

From Essay on Man,
Alexander Pope, 1734

Evaluation of the risk of cancer in re
sponse to suspect environmental agents
rests in part on the evidence derived from
observational, epidemiological studies.
The initial suggestion of a relationship be
tween an agent and a disease often ema
nates from animal experiments or case re
ports in patients with a common expo
sure, or from both. Animal experimenta
tion anticipated the subsequent confirma
tion by epidemiologists of the hazards of
occupational exposure to 4-aminobiphe
nyl and other aromatic amines, vinyl
chloride, bis(chloromethyl) ether and
other alkylating alpha-haloethers, and
mustard gas.'5-'8 Astute clinical observa
tion initiated epidemiologic research con
firming the high risk features of nickel re
fining, woodworking in the furniture in
dustry and other trades exposed to wood
dust, manufacturing' of leather goods
such as the shoe industry, and the mining
of uranium and fluorspar.'92Â° Identifica
tion of the risks of occupational exposure
to the inorganic arsenicals has been pur
sued by epidemiologists in the absence of
satisfactory experimental models.'8

Epidemiology is concerned with iden
tifying patterns of distribution of human
diseases. Rates of incidence and mortality
are reviewed in the context of time trends,
geography, and personal characteristics.
This descriptive profile of a disease serves
to guide the pursuit of etiologic factors
that are likely determinants of a specific
pattern.

The epidemiologic methods that are
concerned with testing causal hypotheses
can be classified either as case-control or
cohort in type (Table I). The case-control
(retrospective, case history) study is most
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suitable in studies of rare diseases, in
â€œ¿�fishingâ€•for multiple factors of uncer
tain significance, and for the initial ex
ploration of a specific etiologic hypothe
sis. The cohort (prospective, longitudi
nal, follow-up) study is advantageous in
that it provides a direct measure of the in
cidence or risk of developing a disease in
individuals with a specific characteristic,
and is most suitable for testing a particu
lar hypothesis which has already been de
veloped from prior retrospective or cross
sectional studies, or both. For practical
purposes, the various caveats about sam
ple size in cohort studies guide the epide
miologist to focus on hypotheses that in
volve a relatively common exposure (in
more than two or three percent of individ
ualsatrisk),a relativelycommon cancer
(incidence of 1/1,000/year), and for dis
cerning relative risks (risk ratios) in the
exposed individuals that are at least twice
thatofthecontrolgroup.

The conduct of each epidemiologic
study requires some judgment about
whether or not an association is of causal
significance. The Surgeon General's Re
port on Smoking and Health concluded
an introductory discussion of judgment
and causal inference with the following:
â€˜¿�Thecausal significance of an associa

tion is a matter of judgment which goes
beyond any statement of statistical proba
bility.â€•

The criteria most appropriate for eval
uating an association are consistency,
strength, temporal relationship, coher
ence and specificity.2' The criterion of
consistency is analogous to experimental
replication, but may also rest on the dem
onstration that diverse investigative ap
proaches produce similar results. The
strength of an association may be ex
pressed in terms of relative risk (risk ra
tio, odds ratio) and population attributa
ble risk or etiologic fraction (Table 1122).
Coherence embraces the criterion of bio
logic plausibility, although it should not
discourage the consideration of unortho
dox, innovative hypotheses. The tempor
al criterion requires that the presumed
cause must always precede the observed
effect,whereasthecriterionofspecificity
implies that there is a predictive pattern

of effect(s) likely to occur with frequency
greater than random chance if the ante
cedent event or complex of events were of
causal significance.23

The methodological features of epide
miological studies of the workplace and
cancer are reviewed in Table 111.23-35The
important parameters include the type
and â€œ¿�strengthâ€•of exposure, age at initial
exposure, latency or the frequency distri
bution of the interval from first exposure
to the initial diagnosis of disease, dura
tion of exposure, intensity of exposure
and its variability over the cumulating
person-years at risk, and the spectrum of
morbidity and mortality. In addition to
the methodological issues summarized in
Table III, there are other interpretive pit
falls in epidemiological research that may
confound or obscure precise inferential
reasoning.34

Confounding refers to the extraneous
influence of factors, other than the mea
sured occupational experience, on the as
sociation with the risk of cancer. For ex
ample, social class is closely linked with
occupational status, and may be more di
rectly associated with the risk of develop
ing or dying from various types of cancer.
Social class factors may be linked with
personalhabits,aspectsof lifestylethat
includepatternsof nutritionand non-oc
cupational environmental factors, and ac
cess to and utilization of medical care ser
vices. The observed increased risk of can
cer may arise from mixed chemical and
physical exposures or the interaction of
occupational and non-occupational fac
tors.

The observations emanating from epi
demiological studies may be suspect be
cause of lack of accurate exposure data
and limited or incomplete follow-up from
the onset of some remote exposure, even
if it was of short duration. In the studies
that depend upon recall, the workers may
be unaware of the identity of the substan
ces that they have handled. Routine rec
ords rarely satisfy the needs of epidemio
logical research, but rather what may be
needed is the development of a standard
ized comprehensive occupational health
information system with prospective
monitoring throughout a defined work
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the orientation is post hoc and not predic
tive or applicable to new chemicals that
are in the process of being introduced into
the workplace.

Principles of Non-Human Testing for
Chemical Carcinogen city:
The Relevance of Animal and in Vitro
Studies for Predicting Human Risks

Current methods for estimating the risk
of human cancer from long term expo
sure to low doses of chemical carcinogens
involve extrapolating from animal experi
ments conducted at doses high enough
and of sufficient duration to produce tu
mors in an appreciable fraction of the
animals tested. The process of extrapola
tion or of using animals as surrogates for
people involves various assumptions and
caveats:

a) chemicals that cause cancer in one
or more species of mammalian animal
may be capable of causing cancer in hu
mans;

force.36 Job titles may not connote a spe
cific exposure, or the same title may en
compass a multitude of possibly toxic
agents that are likely to produce a variety
of effects. Each individual worker may
have moved through a number of differ
ent jobs, even within the same manufac
turing industry. The task is to attempt to
group the various jobs into homogeneous
categories of exposure.37-38

Properly designed epidemiological
studies may serve to identify the absence
of risk. The validity of any inference
about minimal or no risk may be deter
mined by the adequacy of exposure and
follow-up information. The ability to de
tect significant differences in risk will de
pend in part upon a statistically adequate
sample that will enable the determination
of differences in risk if they do indeed
exist. However, a limitation of the epide
miologic method may be its insensitivity
to measure, in retrospect, single or com
plex low level chemical exposures that
give rise to small increases in risk. In ad
dition, because of the long latency period,
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b) the dose-response curve assumed
for man may be analogous to that demon
strated in the most sensitive animal mod
el;

c) although it is conceivable that at
certain dose levels even potent carcino
gens will not produce tumors in humans,
a subthreshold dose or â€œ¿�safeâ€•level can
not be determined with certainty by ani
mal assays;

d) higher dose levels of a chemical
carcinogen may increase the incidence of
commonly occurringor unusualcancers,
or of thenumber of primarycancersper
animal,or shortenthe latencyperiod;
and,

e)targetorgan(s)fortumorsobserved
in experimental animals may not neces
sarily predict the type(s) of tumor induced
in humans.39

The prediction of the carcinogenic po
tential of chemicals in humans by animal
bioassayrequiredcarefulselectionof
suitable animal species, rigorous experi
mental procedures, meticulous patholog

icalexaminationand optimalnumbers of
experimental and control animals. At
least two animal species, both sexes, and
several dosage levels should be employed.
Although the choice of animal for routine
testing should take into account the man
ner in which the chemical is metabolized
in humans, more commonly the test ani
mals used, and in particular the mouse,
rat and hamster, are selected initially in
the absence of comprehensive knowledge
of pertinent aspects of human metabo
lism. There may be significant differences
in the responses of various species to a
given class of carcinogen. For example,
an aromatic amine, such as 2-naphthyla
mine, may give rise to tumors of the blad
der (human, monkey, dog, hamster), or
liver (mouse), while having no apparent
effect on other species (rat, rabbit). The
fact that aromatic amines induce tumors
inexcretoryorganshasledtotheconcept
that it is the N-hydroxylated metabolite,
and the species-specific capacity for meta
bolic activation, that are responsible for
the induction of cancer.4Â°
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Since the rate of occurrence of most
cancers is related to the lifespan of a given
species, bioassay systems have been con
centrated on small rodents with an aver
age lifespan of two or three years, and the
longer lived animals such as the dog and
monkey have been used for specialized
studies. At present, chronic toxicity stud
ies begin with weanling animals and are
maintained at desired dose levels for a nat
ural lifetime. The period of experimental
observation should not be less than two
years for rats and hamsters, or 18 months
for mice. Where studies are concerned
with the effects of exposure to the fetus,
or during the perinatal period, then the
protocol should be modified appropriate
ly.

The route and mode of administration
of repeated exposures should reflect,
whenever possible, the natural human ex
perience. Artificial portals of administra
tion require careful assessment of system
ic levels of exposure, and whether or not
tissue injury and degeneration are due to
the prolonged presence of injected or im
planted chemicals @41.42

The appropriateness of using very
large or maximum tolerated doses in ro
dents is a source of controversy and con
fusion. The dose levels are selected on the
basis of mortality and partial suppression
of normal weight gain when compared
with untreated controls. The justification
for the routine use of a maximum toler
ated dose is that it maximizes the sensitiv
ity of the experimental system to detect
the tumorigenic effects of â€œ¿�weakâ€•carcin
ogens that would have been missed at
lower dose levels within the relatively
brief lifespan of rodents, and enables lim
itation on the number of animals general
ly recommended for testing. At the much
lower dose levels which may correspond
to common human exposures, several
thousands of animals may be needed to
estimate any increased carcinogenic risk.

In determining in advance the re
quired sample size, the investigator must
consider the spontaneous incidence of or
gan-specific cancers and mortality due to
intercurrent (non-neoplastic) diseases that
is to be expected in the unexposed control
group. The sensitivity of the experiment

or the magnitude of the difference in tu
mor incidence between experimental and
concurrent control groups (this may in
clude a separate vehicle control group),
and the degree of confidence required to
detect such a difference, should be deter
mined in advance. The higher the ex
pected incidence of spontaneous cancers
or the smaller the difference in cancer in
cidence that is being sought, the larger the
required sample size.

Under a given set of experimental con
ditions, has the agent been shown to be
carcinogenic, and was there a â€œ¿�safeâ€•
dose, below which there was no indica
tion of increased risk? As described by
Cornfield ,@3the Environmental Protec
tion Agency has defined the â€œ¿�noobseryed
effect levelâ€•as the â€œ¿�level(quantity) of a
substance administered to a group of ex
perimental animals at which those effects
observed or measured at high levels are
absent, and at which no significant differ
ence between the group of animals ex
posed to the quantity and an unexposed
group of control animals, maintained un
der identical conditions, is produced.â€•
The basic problem in risk assessment for
carcinogenic substances occurs when ex
trapolation is attempted downward from
the observed range of experimental ef
fects to an assumed safe level through the
application of mathematical assumptions
which achieve linear low dose-response
effects. Most mathematical models deny
the assumption of a uniform threshold,
or that there is a level of exposure below
which there is no possible carcinogenic re
sponse for the entire population at risk.
The procedure for estimating human risk
consists of extrapolation of experimental
results achieved at high dose levels to
much lower dose levels within the species
tested, and then extrapolation of these es
timated risks at low doses to risks in hu
mans at comparable levels.@'47

Bioassay by in vivo animal studies of
the many thousands of chemicals that are
constantly entering the workplace and
general environment would be an over
whelming and costly task. Short term in
vitro screening tests for mutagenicity and
malignant transformation are being de
veloped to facilitate the estimation of po
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However, the universality of the somatic
mutation theory of the origin of cancer
has been challenged in its application to
higher (eukaryotic) organisms. Whether
or not epigenetic mechanisms are of
greater fundamental importance in the
multistage process of human carcinogene
sis does not necessarily detract from the
utility of using non-mammalian systems
for identifying chemical agents with po- -
tentially chronic toxicologic effects in hu
mans.58 In addition, because of species
differences in metabolism and detoxifica
tion of various classes of chemical com
pounds, in vitro assays for malignant
transformation and mutagenic activity
that use mammalian cells should be em
ployed in conjunction with the microbial
systems. 59,60

Workplace Exposureto Known
or SuspectedCarcinogens
Of the many commercially produced sub
stances which have been reported to be tu
morigenic in one or more in vivo test sys
tems, only a limited number are of impor
tance in clinical occupational medicine.
These agents are listed in Table IV. Key
animal studies of tumorigenicity are
noted, particularly where these tests rath
er than observations in human popula
tions are the primary basis for concern
over the agent's carcinogenic potential.
For example, the carcinogenic potential
for several of the aniline-derived agents
was so dramatically demonstrated by ani
mal studies that widespread human expo
sure was averted.

The extent of occupational exposure
to the agents listed in Table IV varies
widely. For some, such as asbestos and
ionizing radiation, the work settings and
job activities in which exposure may oc
cur are extensive, diverse, and sometimes
unexpected. For other agents, however,
the potential for hazardous exposure is
relatively circumscribed.

The route of absorption of an agent is
determined both by its physical properties
and by the circumstances of exposure. In- -
halation of vapors and fumes is the most
frequent route of exposure, while the skin
is a potential route of absorption for both
liquids and gaseous agents. Inadvertent

tential human risk. In vitro methods un
der controlled biologic conditions should
afford the advantages of validity, reliabil
ity, rapidity and economy. Selective test
ing of suspect chemical agents should be
guided by knowledge of structure and me
tabolism, electrophilic reactivity of each
compound and metabolites, genetic ef
fects and extent of human exposure.48-52

There is a high degree of correlation
qualitatively between mutagenic and car
cinogenic activity as revealed in a wide
variety of in vitro assay systems. A meth
od that has attracted considerable interest
uses several Salmonella typhimurium his
tidine-dependent tester strains engineered
by Ames and McCann@53.54 although
other bacteria, fungi, plants, insects and
mammalian cells are also being used. In
the study by Ames and colleagues, 90 per
cent of a selected battery of chemicals
known to be carcinogenic in one or more
animal species were detected as mutagens;
almost all chemicals known to be carcino
genic in humans were mutagenic in the
Salmonella microbial-rat liver microsome
system. About 13 percent of chemicals
considered currently to be non-carcino
genic showed some degree of mutagenici
ty. The sensitivity of various bacterial
strains to develop frameshift mutations
or base-pair substitutions, which result in
reverting the characteristic of histidine
dependency, is enhanced through the ad
dition of a mammalian liver microsome
system, and selecting strains without lipo
polysaccharide in the cell wall or without
an effective system for repairing altered
DNA. A positive in vitro test for mutage
nicity would serve to identify chemical
agents that require long term animal test
ing and, if extensive human exposure has
occurred, appropriate epidemiologic
studies should be conducted @55.56

The close correlation between muta
genic and carcinogenic properties implies
that a primary mechanism in malignant
transformation involves alteration of the
genome. Meselson and Russell57 are even
suggesting in their preliminary studies
that there is a quantitative relationship
between the carcinogenic action of a com
pound in laboratory animals and its mu
tagenic activity in the microbial system.
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ingestionoccurswith agentsin a solid
phase, such as metallic dusts or salts of
certaincompounds.

The mean latency period, i.e., the
average interval between onset of expo
sure and development of a neoplasm,
most often falls between 10 and 20 years,
although the range may be considerably
wider. There is considerable variability in
latency in individual cases, perhaps re
flecting intensity and duration of expo
sure as well as ill-defined host biological
factors. Estimates of the relative risk of
developing a neoplasm following expo
sure also vary. Patterns of exposure in
different groups of workers exposed to a
common agent may differ greatly. The
heterogeneity of exposure group, the du
ration and completeness of follow-up
achieved, and the size of the exposed
group vary from study to study. These
factors influence the magnitude and pre
cision of estimates of relative risk and ac
count for the sometimes broad range of
such estimates.

For the most part, when cancer devel
ops as a result of exposure to an occupa
tional carcinogen, it is predictably con
fined to a limited number of target organs
or tissues; in animal studies, the same or
gans or tissues may not necessarily be af
fected by the same agent (Table IV). Sev
enteen agents among those listed have
been included under the Federal Standard
for Carcinogens; this indicates that all
contact with the agent should be avoided
or reduced to the lowest possible level.

Current Concepts of Prevention and
Control of Occupational Cancers

â€œ¿�TheCongress declares. . . its purpose and
policy. .. to assure so far as possible every
working man and woman in the Nation
safe and healthy working conditions...â€•

The Occupational Safety and
Health Act of 1970

A sound foundation for an occupational
health program is based in part upon in
stituting engineering and hygienic mea
sures that control or limit contamination
by toxic substances in the working envi

ronment. In parallel with these industrial
control measures, a prospective medical
program of periodic general health exam
ination and â€œ¿�targetedâ€•clinical and labo
ratory medical surveillance (e.g., sputum
and urine cytology, liver function tests,
pulmonary function studies and reporting
of pulmonary symptoms or skin lesions)
is an essential component of an occupa
tional health program. These procedures
should serve to enhance the safety of the
working environment. Each preventive
measure should be evaluated carefully as
to its potential effectiveness in diminish
ing subsequent incidence, morbidity and
mortality due to the various types of can
cer and precursor diseases. The rationale
for control strategies emanates from the
best available epidemiologic information
and extrapolation from animal re
search. 134,135

In the United States, control of carcin
ogens in the workplace prior to the 1970's
involved using engineering controls and
personal protective devices to minimize
exposure, and substituting less toxic ma
terials whenever possible. The Occupa
tional Safety and Health Act of 1970 au
thorized the Occupational Safety and
Health Administration (OSHA) within
the United States Department of Labor to
enforce maximum allowable concentra
tions or Threshold Limit Values (TLV's)
of exposure to carcinogens. A TLV refers
to a time-weighted average level of air
borne concentration of a substance in the
working environment below which it is
believed that nearly all workers may be
repeatedly exposed, day after day, with no
adverse effects. The American Conference
of Governmental Industrial Hygienists
has since established threshold limits for
more than 400 suspect substances.'36

In addition, the recommendation of
standards to OSHA by means of scientific
â€œ¿�criteriadocumentsâ€• is the responsibility
of the National Institute for Occupation
al Safety and Health (NIOSH), which is
an agency of the Center for Disease Con
trol of the United States Public Health
Service. The official position of NIOSH
is that it is not currently possible to dem
onstrate precise tolerance levels of @xpo
sure to chemical carcinogens, and, there
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fore, â€œ¿�exposureto any known or sus
pected carcinogen must be reduced to the
lowest level possible by whatever means
available.â€• 13'!.38

The 1976 NIOSH Registry of Toxic
Effects of Chemical Substances contains
over 22,000 substances, and these include
over 1,900 for which at least one in vivo
laboratory test was positive for carcino
genicity. Currently, OSHA has issued
TLV's for 17 chemical carcinogens (Table
IV):

asbestos fibers
coke oven emissions
3,3'-dichlorobenzidine (and its salts)
4-dimethylaminoazobenzene
4,4'-methylene-bis-(2-chloroaniline)
a -naphthylamine
f3 -naphthylamine
2-acetylaminofluorene
4-aminodiphenyl
4-nitrobiphenyl
benzidine and its salts
p-propiolactone
vinylchloride
chloromethylmethylether(CMME)
bis-chioromethylether(BCME)
ethyleneimine
N-nitrosodimethylamine

In a 1972-1974 survey conducted by
NIOSH, it was estimated that approxi
mately one percent of the total work force,
or 880,000 employees, were exposed to
one or more of the 17 regulated carcin
ogens.'39 This estimate of exposure for
the total work force appears too low
when compared with that reported recent
ly for asbestos workers; namely, the De
partment of Health, Education and Wel
fare stated that 1.5 to 2.5 million current
ly employed workers may be exposed to
asbestos.'4Â° As shown in controlled stud
ies in humans and/or laboratory animals,
a chemical carcinogen increases the risk
of cancer in relation to the duration and
intensity of exposure. The National Can
cer Advisory Board Subcommittee on En
vironmental Carcinogenesis' report sug
gested that the occurrence of only benign
neoplasms in experimental animals signi
fied that the agent should be considered
â€œ¿�apotential human health hazard which
requires further@ A parallel

increase in the incidence of benign and
malignant tumors in the same tissue
would underscore the eviden@e for carci
nogenicity of the test substance. Other
scientists would argue that the distinction
between â€œ¿�tumorigenâ€•and â€œ¿�carcinogenâ€•
as a basis for public health practice is not
defensible.'42 Furthermore, whereas envi
ronmental threshold limits have been pro
posed for carcinogens in the workplace,
the assumption of zero tolerance has been
advanced for the consumption of carcino
genic food additives under the Delaney
Amendment to the Food, Drug and Cos
metic Act.'43-'44 It is apparent that contro
versy will persist as long as there is insuf
ficient scjentific information to establish
â€œ¿�safeâ€•levels of exposure or to conceptu
alize acceptable levels of risk.

Since it is difficult to determine the
â€œ¿�safeâ€•level of human exposure to any
suspect carcinogen with any degree of
confidence, the concepts of â€œ¿�acceptable
riskâ€• and â€œ¿�risk-benefitanalysisâ€• are
emerging in counterpoint to the issue of a
â€œ¿�risk-freeâ€•workplace. In essence, this
has been the philosophy of the Environ
mental Protection Agency, which is
charged with enforcing the Toxic Sub
stances Control Act of 1976. â€˜¿�@The Sub
committee on Environmental Carcino
genesis of the National Cancer Advisory
Board summarized the judgmental nature
of risk-benefit analysis as follows:

â€œ¿�Inthose cases in which a compound
has been proved to be carcinogenic re
mains the decision to what extent the pos
sible risks to man are counterbalanced by
the possible social, economic or medical
benefits of that substance. Scientists must
play a major role in these decisions by
providing and interpreting the available
data. The final decision, however, must
be made by society at large through in
formed governmental regulatory and leg
islative groups.â€•4'

OSHA has recommended that envi
ronmental chemical carcinogens should
be categorized generically, based upon
the epidemiological and experimental evi
dence for tumorigenicity and mutagenici
ty.'46 The assessment of risk to a commu
nity of workers and to society in general
goes beyond the application of criteria for
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predicting human carcinogenicity. For ex
ample, a priority for more stringent regu
lation should be assigned on the basis of
tumorigenic potency and number of
workers exposed, particularly if a seem

ingly safe substitute material could be in
troduced. The socioeconomic consequen
ces of complying with regulatory action is
a separate but essential feature of the pro
cess of decision-making.'47-'48
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