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INTRODUCTION

Environmental cancers are malignant tumors which are usnally
cansed by prolonged exposure 1o exogenous agents of varieus types.
In a few instances, these environmental cancer-producing factors aro
well-defined physical or chemical agents; in olhers they are variable
and undetermined mixtnres of chemicals; while in a third group
tho cancerigenic exposure is represented by contacts or conditions
of a rather vagne nature. The different environmental earcinogens
which form a part of our natural or artificial environment are prac-
tically the only known causes of cancer in man at the present time,
and for this reason have considerable general significance. Exposure
to these [actors is related to oceupational activities, medicines, diets,
cosmetics, building material, habils, customs, climate, fanuna, contami-
nants of drinking water, atinospheric air and foodstuffs, and proce-
dures of warfare. Since prevention of cancer depends fundamentally
on adegnate information as to its otiology, the study of environmental
cancers, which may bring vastly increased knowledge as Lo the causes
of all types of cancers, is one of the most important approaches to a
Tuture contrel of cancer. Environmental cancer surveys which are
direcled at this gonl represent, therefore, a hasic step in the develop-
ment and institution of preventive cancer control measures,

A, THE NATURE OF THE PROBLEM

Investigation into the epidaeiniology, etiology, and control of en-
vironmenlal cancer deponds upon the application of knowledge and
approaches peculiar to this special type of hazard, Often these factors
may not be adequately considered in the usual studies of loxic induns-
trial health hazards and differ in some respects {rom those used in
epidemiologic investigations of infections disenses.

Tor example, some of {he environmental carcinogens, snch as beta-
naphthylamine and benzidine, scarcely over canse toxic manifesta-
tions. In most instances, the carcinogenic process olicitod by these
aromatlic amines in the bladder is symplomatically silent during a
Iatent period that lasts from 6 Lo 25 years. Industrial health surveys
limited to the demonsiration of acule or chronic toxic reactions and
disregarding the peculiar nature of these carcinogenic hazards would
{ail to diselose the serions danger to exposed persons.

Other environmental carcinogens, such as benzol, ionizing radia-
tions (X-rays or rays [rom radioaclive substances), will produce
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sovere degenerntive and necrotizing reactiens in the tissues as the
result of brief but intense exposure. This move striking effect can
obscure the fact that less severe but move prolonged exposme may
produce cancerons responses in the same iype of tissne after & long
latent period. When these two different types of reaction are seen
in members of a surveyed occupational group, their etiologic kinship
may not be apparent,

Moreover, the long latent period characteristic of environmental
eancer formation tends to hinder the recognition of causal relations
between the exposure {o carcinogenic agents and the subsequent de-
velopment ef cancer.

This oulcome may well appear when the affected individusl has
long sinee left the employment in which the effeclive exposure occurred.

One purposs of environmental cancer surveys is to collect data on
the ocenrrencs, ineidence, types, and canses of these malignant tumors
and their precancerous manifestations, on the routes and types of
exposure to the carcinogenic agents involved in their produetion, and
on the physiochemical states and properties of these agents. Only
through such information is it possible to establish the principles
upon which effective measures for the prevention and contrel of en-
vironmental cancers must be based.

Another purpose of occupational cancer mmveys ia to determine
which persons may be effectively exposed to environmental earcinoe-
gens and tlms become potential victima of environmental cancer.
Since the development of such cancers depends on a number of asso-
ciated factors, environmnential cancer surveys must obtain reliable dala
for an adequate number of cases on age, sex and race, as well as the
degree, nature and duration of exposure, and the length of latent
period. Information on the approximate minimal effective exposure
to any particular environmental caveinogen and on the expected latent
period is essential in establishing standards for precaulienary and
preventive measnres.

A final objective of occupational cancer snrveys is the celleetmn of
specific techuical information needed for the institution of adequate
centrol measures. These data can benefit industry by aiding in the
design and introduction of effective technical measures for protection
of their personnel. The evidence acguired through such surveys
shonld also provide a sonnd and appropriate basis for drafting proper
and uniform industrial disease cedes, food and drug legislation, and
workmen’s cempensation laws covering the varied and complex fea-
tures of envirenmental and occupational eancer hazards.

1. Occupational Carcinogens

Occupational carcinogens, known or suspected, cover & wide range
of inanimate and animate agents. This spectrum, summarized in table

2



1, includes a great variety of organic chemicals, both aromatic and
aliphatic, several inorganic chemicals, various types of physical radia-
tion, and the parasite, Sokistosoma hematobiwm, the only generally
recognized animate carcinogen, which attacks outdoor workers in
Egypt and other tropical countries, inducing o form of bladder cancer.

Table 1. Recognized and suspected occnpational carcinogens

1. Cheniical careinogens:
(a) Organic chemicals;
(1) Avomatic chemleals: Betn-naphthylamine, benzidine, anlline
(7), benzol, tav, pitch, asphult, soots (domestic, Lndustrial,
and commercial), shale oil, erude parafiin off, crade anthra-
cence oll, creosote, inbrlicating and fuel olis and greases, syn-
thatiec estrogens (7).
(2) Alphatie chemlicals: Isopropyl oll (7).
(b} Inovganic chemicais: Argenicnls, chromates, nicltel carbonyl (?),
ashosiog (?), beryHium (7).

2, Pliysical carclnogens: Nonlonizlng radistion-ullea violel rays, lonlsing
radlatons-corpusentar rudlatious (alpha and bela rays) and electronic
radiationy (gamma ond X-rays).

3, Parasitic earcinogens: Sehistosoma henieiobiun,

It must be pointed out that the varions environmontal earcinogens
differ considerably in their potency not only from each other but also
among members of the same typa.  The earcinogenic potoncy of dif-
ferent types of tar varies greatly, gas-house aud eoke-oven tar being
the most potent. Similar variations seem to exist regarding the
carcinogenicity of the various types of soot and the differont kinds
of natural and proecessed potroloumns, many of which are noncarcino-
genic. Beta-naphthylamine appears to be much moro carcinogenic
than benzidine.

The data on occurroncoe and incidence of occupational cancers, as
they appear in published reports, are very inadequate. The actual
number of cancers which ave ocenpational in origin is undonbtedly
much lhigher than is appavent froin the recorded observalions. Since
it 18 often difficull to establish the occnpalional causalion of ¢ancer ro-
sulting from sxposme to known eareinogens (ofien many years pre-
viously), and becauso the medical profession is to a certain exient
insufficiently awaro of the existence of occupational caucers, even
cancers produced by recognized cecupational earcinogens ofton eseape
recognition as such. Fwrthermore, il secmns highly probabls that
many occupational carcinogens ave siill unknown, and, in view of the
fact that new industrinl eomponnds are being synthesized and mann-
{actured every year, the spectrum of indusirial carcinogens may ho
growing oven wider,



2. Nonoccupational Catcinogens

Qccnpational cancers belong to the lavger group of environmental
cancers produced by contact with exogenous agents, Contact with
carcinogens may also be related to habits, hobbies, diet, medicinal
agents and devices, and olher nonoccupaiional environmental factors.

The known nonoccupational carcinogens are summarized in table 2.
They include many agents peculiar to certain cultural and geographic
gronps not found in the United States (such as the kangri and chutia)
as well as such almost universal agents as solar radiation, soot, and
arsenic, As in table 1, the fact is indicaled that many of these car-
cinogens are not yet proved but are only suspected on the basis of
limited evidenca. Collection of additional ovidence in these fislds
may not only peint out hazardous habits or nsages, bnt may also
reveal hitherto unsuspected occupational carcinogens. Dala provided
by occupaiional cancer surveys are the only source of reliable informa-
tion on the minimnm effective exposure, maximnm and minimum
lengths of latent period as related to degree of exposure, and on othar
important aspects of environmental carcinogenesis.

Table 2. Recognized and suspected sources of nonoccupational environ-
mental cancer

Afethod of expoyure and careinogen Potential siles of cancer
HABITS:
Smoking (tar) (7} or chewing of tobacco Lip, tongue, oral eavity,
(khaini), larynx, lung.
Betel nut-lime-tobaceo quid ehewing.___.... Lip, tongue, oral cavity, cheek.
Chewing of tar, paraffin, eto. () ..o ____ Oral cavity.
CUSTOMS:

Carrying of speeial beating devices beneath Skin,
clothing near ahdominal skin (kairo,
kangri}, or sleeping on hot stoves (keng),
esusing burns and exposure to tar and soot,

Smoking of cigars with lighted end in mouth Oral cavity.
(chutte) (tar and burn injury).

HORBBIES AND IOME ACTIVITIES:

Gardening with_exposure to solar rays, and 8kin, Internal organs.
arsenieal and other chemical pesticides
(soot, ate,),

Sailing, flehing, golfing and other forms of out- 8kin.,
door sports with exposure to solar radiation,

Home-engincering with eontact with mineral Do,
oil derivatives %‘?).

Use of paints and paint removers containing Leukemia, lung, skin.
benzol, chrome pigments, asphalts, earbon
blacks (1),



Table 2. Recognized and suspected sonvces of nonoccupational environs
meptal cancer—Continued

Method of exposure and carcinogen ' LPotential alles of cancer

HOBBIES AND HOME ACTIVITIES—Con,

Uso of ghiorinated aliphatic bydvocarbons in  Liver, intornal organs.
cleaning fluids with hepalotoxic proporties
modifying metabolism of endogenous and
exogenous carcinogons (2).

MEDICINES AND MEDICAL DLRVICES:
Avsandents_ _ e Skin, internal organs,
Tar, impure vasclino and mineral oil. ... .. Do.

Ilepatotoxic chemicals (chlovinated aliphatie Tiver,
hydrocarbons, cinchophen, ote.) (7).

Hematoloxie chemieala (bonzol, sulfonamides Leukemia.
(?) aromatic organia ehomionls) (7).

Ulzaviolet radiation. oo oeoeoonemmmeannan Skin,
B L1 RO Skin, bone, leukomia (7).
Radioaotive chomicals (ionjzing radiations).. 8kin, beno, lung (?) leukemia

() liver (7).

DIGTARY FACTORS: '

Dictary iodine defielengy . oo ooovnnee vx—  Thyroid.
Dijetary protein and vitemin B complex Liver,
defisionoy.
Dietary vitamin B complex doficiensy......-- Laryngopharynx,
Arsenicel contamlnanis in food, drinking Skin, internal organs.
watar, air.

TMoatod mineral oil as fat substitute in baked Intcrnal orgaus.
poods (7).

COSMETIC FFACTORS:

X-radiation for depilation. .. .. ___ o ... __ Blkin.

Ultraviolet lainp oxposure for tanning (... Do.

Arsenicals in hair lotions and tonies (). Do.

Lamp black in oyebrow penoils (tar) (?)..... Do,

Impure vaseline and mineral oilg in oiniments, Dao.
creams, ote,

Jistrogens in skin creams () - cceecncaonan Breast,

Impure anjline dyes in lipsiicks, eto., eontaln~- Bladder,
ing dye intermodiates (7).

OTITER ENVIRONMENTAL FACTORS:

Tar and soot in atmospherio alr (?)ae o oonn Lung, skin (),
Dry and gunny climato with oxcessive solar Skin.
irradialion.
Parasitie infestions (schiatosomiasie) . ..o .. Blagdder, liver, intestine,
Ionizing vadiation in water and air in regions Lung, Dhono, lematonoietic
with radioactive ores (?). iigsue.




3. Industrial and Public Health Hazards

At the present time, environmental eancer appears primaril,
industrial problem, although it extends into many nonindustriz
pations. TFully 90 percent of the known environmental carci
never existed in dangerous concentrations until the developn
industrial processes which brought workers inte {requent an
contact with them. As the injurtous agents have mmade their
ance with the growth of various industries, eancers have de
among expased warkers. Perhaps one of the most striking ez
of this pattern is the appearance of bladder cancers among dye 1
subsequent to the establishment of aniline dye industries in
countries. Observations in many industries indicate that, |
known ocenpational carcinogen and the proper conditions of ex
the appearance of cecupational caneers becomes merely a que
time, i. e, of sufficient latent peried since the start of the op
Clearly such hazards constitute an industrial problem den
intensive study and centrol efforts.

Sueh industrial carcinogens not only provide a serions hs
the exposed workerg but may possibly also affeet the healtl
general population throngh various routes of contact, Carci
agents produced cr handled in industrial operations, worksh«
laboratories may enter the air, water supply, or soil after be
charged as waste. Persons living or working in the fame ¢
disposal arven may thus come into effective contact with the
gens,  Contaminated elothing worn by workers in eavcinogeni
tions may also create a hazard when laundered without
precautions in the factory, home, or commereial laumdry,
possible extension of indnstrial hazards to the general popu
the incorparation of cavcinogens into goods for general cons
cither as essential parts or as eontaminants. Of course, t
or similar extrinsic carcinogens which appear as industirial
may also be part of the general artificial or natural environm
independent of any industrial operations,

Information and conelnsions drawn from occupational ca
veys, therefore, will have applications that are not restrict:
industrial or cecupational field, but may have relevance to t
problem as a whole. Since environmental eaneers represent
majority of those cancers whose etiology 18 known, observati.
in refation to these tumars have positive and immediate valy
study and possible future control of the many types of hums
whosa causes are still unknown,



B. TYPES OF ENVIRONMENTAL CANCER SURVEY

To attain the objectives discussed above, several approaches may be
used in environmental cancer surveys. The first method suggested,
analysis of death certificates, provides a preliminary or exploratory
approach which may give valuable clues and point to {ruitful fields
for further investigation. The second approach, occupational history
stuclies of cancer deaths, involves tracking down possible occupational
[actors in tho etiology of individual cancer cases. The third approach,
the plant survey, is essential for determining precisely which workers
come into dangerous contact with carcinogens, how many may be
affected, through which route the exposure takes place, what orgun or
organs develop cancerons responses, and other important aspects of
occupational carcinogenesis.

Tor the organization of an ccenpational eancer survey on a State
lavel, it is essential that close cooperation be established between
vavious State agencies (department of health with its divisiens of
cancer control, industrial hygiene, and vital statistics, and department
of labor) and that contacts be made with the State medical saciety
(commitlees on cancer, industrial medicine, public relaticus), local
tumor registries, and, where necessary and desirable, the State asso-
ciation of clinical pathologists and public health nurses association,
The over-nll direction of such a survey should be provided by the
depariment of health and the work should be carried out by either
the division of cancer control or the division of industrial hygiene,
depending upon which one of these two agencies appears best suited
and equipped for the work. Since occupational cancer is mainly o
biological phenomenon, it appears reasonable to place in charge of
the project, n physician experienced in cancer, industrial medicine,
or both,

1. Analysis of Death Certificates

‘Working on the premise that certain oceupational activities or con-
tact with various eccupational or environmental agents result in an
abnormally high incidence of lotal cancer deaths, s well as in an
abnormal distribution of cancer as to sites, the effects of such factors
on local cancer mortality might be demonstrated through s critieal
analysis of data recorded in death certificates. 1f such environmental
carcinogenic influences are sufficiently pronounced and specific in a
cerlain avea, and the worker population ig relatively stable, it might
be profitable to plot the local distribution of cancer deaths as to total
number and as to sites, Comparison of these data with data Erom
an area having a different environmental and, particularly, occupa-
tional carcinogenic speetrum should reveal suggestive relations be-
Lween these factors and cancer incidence. By comparing the rela-
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tive frequency of cancer cases for various sites in the region under
study against the nermally expected frequency, it may be possible to
locate regional foci of carcinogenic exposnre——plants, industries or
occupations which deserve further investigation and in which pro-
tective and prevenlive measures ave necded.

To establish such correlations, not only the residence but. also the
place of employment must be noted and evaluated, For the purpose
of such analysis, the map of the survey area may be divided into
regions with more or less well-defined environmental patterne—in-
dustrial, agriculture, urban-commercial, maritime.

Within the industrial regions, establishments should be noted which
provide known or suspected carcinogenic hazards. Such industries
mey include tar, pitch, asphalt, and creosote producers and con-
sumers; organic chemical, dye, and pharmacentical manufacturers;
rubber producers and processors; paint manulacturers; distillers and
refiners of petrolenm products; smelters, rofiners, and users of non-
ferrous metals such as copper, nickel, zine, silver, and echrominm ; pro-
ducers and users of radioactive substances; glass and pottery manu-
facturevs; makers and users of metallic abrasives; textile makers and
dyers; and others, Appendix A provides & more exiensive, although
by no means complete, listing of occupations in which earcinogenic
inflnences may be suspected.

In additien to name, vesidence, age, sex, cause of death, and place
of death, informatien on individual cancer eages which may be ob-
tnined from death certificates will include occupation, industry or
business in which the decensed was employed. and social security
number, These data appear as items 1 to 16 on the Oceupational
Cancer Record blank given as appendix B, :

For purpeses of analysis, it will be neeessary to code this infor-
mation and transfer it to punch cards, Whenever tha nature of the
information makes this possible, item 11 (industry or business) should
be eoded in three ways:

(@) By oceupation, nccording to the Alphabetical Index for Oo-
cupations and Industries, 16th Census of the United States,
1940, Burenu of the Census,

(D) By specific occupational carcinogenic hazard, according to
the Occupational HMazard Code, appendix C.

(o) By place (community or region) of occupational activity.

Since information recorded in death cevtificates is known to be
often unreliable, and beeause death certificates do not give any data on
length of residence, length of employment in last oceupation, or
pravious occupntional employments, any conclusions drawn from a
statistioal analysis of thiz nature must be merely suggestive. Tn
somo instances, they may even prove misleading, and any report based
on such an analysis should emphasize the limitations of the technique.
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If proper consideration is given to these limitations, however, bic-
statistical studies of this type may yield valuable clues that can be
followed up by other types of epidemiclogic investigations, as, for
example, those described below.

2. Occupational History Study of Cancer Deaths

Using as a basis the information obtained {from death certificates,
it is possible to study the occupational histories of selected cancer
cases in order to discover possible cansal {actors,

The available evidence indicates that al least some of tho cancers
involving certain organs (skin, lung, nasal sinuses, bladdar, bone,
bone marrow) nve caused by oceupational or enviranmental eareino-
gens. Less conclusive evidenee, such as geographical, topographieal,
age, and sex distribution, iinplicates environmental and possibly ac-
cupational factors in the production of eaneer in other organ systems
(gastrointestinal, nervous). By tracing back the onvironmantal and
occupational histories, and, whore possible, diseovering other exoge-
nous agents Lo which the eaneer patient was exposed, it may be possible
to substantiate further theso findings, discover hitherto unknown
earcinogens, and determine the ineidence of various types ol cancar
in different oceupations and industries.

In planning such a study, proper consideration must bo given {o
the faet that these tumors usually result from extended exposnre and
appear only after long latent perieds, the latler vanging ordinarily
from B to 25 years. It is nceessary, therelore, Lo ascortain the ocou-
pationnl and nonoceupational exposures [or as long as possible a
period preceding death. Such information should inelude, in ad-
dition to the names and locations of the various employers, detailed
information as lo the typo or types of operations in which the in-
dividual was employed, the physieal or chemical agents 1o which the
individual was exposed, and the length of employment in the varions
occupations, Whenever possible, information on injuries and discases
sustained during the smrvey poriod should also Le collected, as thesa
may indicale specific precancerous or pericancerons reactions, (Sea
C-2.) Tho type of information required appears on the Qceupational
Caneer Record (appondix B) as itams 17 to 30.

Data on the employment history of the dacensod may be ablained
from a number of sourees, including the last allending physician;
hospital records; employers and their insurance carriors; institutions
such as homes for tho aged, sanilarinms, mental institutions, infir-
maries, ote., in which the deceasod may have bean an fmmnate.

Aflor the places of employment havo thus been asceriained from
one or more of thesae sources, it is necessary to oblain detailed informa~
tion as to the type of work performed and the Lypes of occupational
and nonoceupational agents with which the deceased eame in contact,
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whenever available information suggests the possibility of enrcino-
genie exposure. Data on the duration, intensity, and type of ex-
posure should complete the information requived. IFrom o critical
evaluation of the information collected for each case, it is usually
possible to appraise whether or not one or several ocenpational {factors
miglit have played an essential role in the production of a particular
cancer. (See C-3.)

Throngh this approach it is possible fo aseeriain not only the
cxtent of kmown occupational cancer hazards in a given area but to
uncover also new industrinl carcinogenic agents and foci, The pres-
ence of the latter will be indicated by the predominance of certain
types of eancers among individuals either engaged in a specific opera-
tion or coming in contact with some particular agent present in and
eommon o different operations.

3. Industrial Plant Surveys

The individual plant survey is neeessary to delermine precisely the
location and nature of suspected carcinogenic exposuves. In orvder
to discover whether such hazards actnally exist in a particular plant,
their nature and mode of operation, and how they may be eonirolled,
it is necessary to knew as accurately us possibla the number of persons
who have been exposed and the number showing effects, the nature
of these effects and the type of the contact.

Tor the efficient planning and conduct of sueh plant surveys, it is
desirable to start by oblaiuing sonie basic information on the individ-
nal industrinl cstablishments within the study area. These data
should include plant location; duration of operation; typs of medical
service; names of plant manager, plani physician, and insuranee car-
rier; number of employees; raw materials used and goods produced;
and any ovidence of snspected or established carcinogenic hazards.
The Plant Survey Reeord form, given as appendix D, shows these
datna as items 1 to 11.

This preliminery survey nced only be approximate and is intended
merely to ascertain whether a detailed survey is indicated, how many
investigators will be needed, the length of time to bo requived for
tho study, the type and degree of assistance and cooperation availahle
from the management, and the availabilily of employment, medical,
and insurance records.

Since several years of contact with the carcinogenic agent are usnally
required for effective exposnre and since the latent pevied is seldom
shorter than 5 years and sometimes more than 25 years, eancer reeords
of industrial operntions should be obtained for as long a period as
possible, up to 30 years or more. Occupational cancer surveys are
never spot surveys bub always time surveys.

Howaover, the biological and epidemiologie behavior of oceupational
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cancers makes its advisahlo Lo survey estahlishments that have been in
operation for as little us 8 years, Workers in such plants may have
alreudy developed precancerous and pericancerons lesions, especially
if the careinogenic haznedy affect the skin, bladder, bone, or hema-
topoictic tissue. It is nnlikely that within such a short period, cancer
attributable Lo occupationul exposura will pecur in statistically signif-
icant numbers, bul the {imely recognilion of these noumalignant le-
sions may Serve as i warning signal and hasten the introduction of
adequale precuntionary measures, forestalling the appearance of an
epidemic of ocenpational cancer at soma later date,

In surveys ol this type, the ehiel eflort ghould be expended on dis-
covering and analyzing personnel currently or formerly employed in
operalions with appreciable vecognized or suspected carcinogenic
hazards. These persoms ave the aetual test subjects which may
demonsirate the type and degree of hazard through significantly ele-
vated cancer incidonce rates, Only when these sludies demonstrato
tho existencs of an occupational caveinogen is it advisable to extend
the investigation to groups of workers exposed Lo a lessor degree so
as Lo determine the wider scope and ramifications of the hazard,

Information on the liealth and on other oceupational exposures of
these persons nuay be obtuined through the ocenpalional hisiory
studies of cancer deaths, ns deseribed above; plant employment rec-
ords; plant medieal records; insurance companies; hospitalsy physi-
cians} institutions; and socinl securily records,

T'o obtain relinble ineidence figures, the present health status or
causo of denth should be determined whenever feasiblo for all workers
currently or formerly employed for nn adequute poriod in operations
with carcinogeunic huzards,

Sinco ocenpational enncers have n lateut period Lhat is usually moro
than § years, if the plant has a fuivly rapid labor tarn-over, it may
be found that no workerg in appnrently earcinegenic operations ave
suflering from cancer or even [rom precancerous lesions, Indeed, the
medienl records of the pland or ils insurer may show no oceupational
cancer Lthronghoul (he entive period ol aporation. Ilowever, it may
be discovered, by following np former employces, thal somo persong
havo doveloped occupational cancors possibly attributable to the
enrcinogenic ngent to which they were exposed from 2 to 30 yoars
carlier, Labor twim-ovor may, thorofore, totally oblilorato any ovi-
donco of cancerous reactions i persous exposed unless adequate
follow-up studies of former employees are made over & period of
sufliciont length, sny 18 to 80 years.

Consideration must bo given, moreover, to the fact that employees
with occuputional cancor or with therapeutically eontrolled occupa-
tionn] cancer aro, in gonoral, not continned in operations with earcino-
gonic hnzards. In some ostablishimonts, howover, this practico is not
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followed as it is beld that removal from the hazardous occupation
does not improve the ultimate prognosis, and by continuing the cn-
ployee in the occupation the absolute number of persons so exposed
15 held al a minimum. This practice, on the other hand, tends to
inevease primnary cancer incidenee among exposod workers,

I{ is usually found that various employes groups are exposed 1n
widely differing degrees to any carcinogenic agent or agents that may
be present.  Office workers, {or example, are not as o rnle significantly
exposed Lo indusirial curcinogens unless the administrative quarters
form an integral or closely related part of the production zone, thercby
cslablishing direct contact; or unless the disposal of carcinogenic
wasles, sueh 08 fimes, dust, vapors, gases, mist, vepresents an environ-
wental hazard in the office area. Not infrequently it is found that
only relatively small groups of workers have effective contact with
carcinogens. In some industries, however, such as chromate opera-
ticns, practically all production worlers are exposed to carcinogenic
agenls Lo some degree,

The investigations shonld be extended not only to individuals regu-
largly employed in hazardous operations or constantly in contaet with
carcinogenic agents, hut also to those eutering the hazardons ares or
coming into contact with carcinogens at irregular intervals. Inter-
mittent, irvegular, or rhythinic exposures of varying intensity may be
sustained by such workers as watehmen, repairmen, packers, shippers,
truckers, supervisors, clerks, control chemisls, guards, and yardmen.
Considoration should also be given to workers charged with the dis-
posal of wastes and emptied containers of carcinogenic materials as
well as to those workers who may become exposed Lo an appreciable do-
gree through work in noncarcinogenie oporations located near {he
hazardous one, and thereby possibly hecoming exposed to carcinogenic
guses, vapors, fumes, dusts, ele., originating from the Iatier.

Through investigations within the plant, exact information should
be obtained as (o the nature of the suspected earcinogenic agents ; type
and route of contact to which employces are exposed ; and the type
and intensity of such hazards and their possible varintions during dif-
Terent periods of operation of the plant due to changes in manufactur-
ing methods and in raw materialy used.

Moreover, record should be made of any differences in the degree and
Lype of exposure (skin contact, inhalalion, ingestion) and the plhyoico-
chemicql status of the agenis (dusl, fumes, mist, spray, vapor, gas) in
different parts of the same operation and in different parts of the plant.
Speciad atlention should be paid to agcertaining the particle size of
dust, fumes, mist, etc., as this faclor determines to a certain degree the
severity ol exposure to respiratory cancer hazards. Such distinetions
aro indieated for chemicel as well as physical carcinogenic ngents,
Differences in this factor affoct not only the incidence rate of eccupa-
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tional cancers among various groups of workers but may also be of
distinet influence in determining the site of resulting cancers.

To assay cancer hazerds in industry, the plant must be surveyed by
a trained observer as only such a person can detect the potential danger
points. In earrying out such plant analyses, it may be wise to follow
these suggestions,

(a) The investigator shonld be thoreughly familiar with the pro-
duction methods and wilh the materinls handled and mann factured in
the plant. e should be able to note any irregularities or excoptions
from usual procedures and readily detect areas in which carcinogenic
Lazards may exist.

(0) Studies shonld he made when the plant is in operation. Cen-
ditions of exposure and observance of precautionary measnres by
workers and management can be properly studied only under working
conditions. Moreover, thers is an opportunity to study the physical
appearance of workers and, with permission of the management, make
personal inquiries of foremen and workers in regard to suspeeted
hazavds,

(¢) Sinco visits of this sorl may he announced well beforehand,
there is an opportunity for cleaning np any operation. Such a pro-
codure may vesuli, unintentionally, in {he obliteration of importan
evidence. It is, therefore, advisable that the inspector look closely
at the condition of windows, corners, nooks, ledges, surfaces and joints
ol pipes and ducts, and other machinery for evidence of poar house-
keoping, Arrangement and effectivencss of exhaust ventilution should
be Ltested.

(d) Any survey should include the yard and adjacent buildings,
packing and shipping facilities, and disposal of wastes aind empticed
containers. Tinally, the study should he extended to the neighbor-
hood of the plant, noling unusual offects on color and surfaces of
houses, vegelation and animals, and condition of drinking water in
order o discover any possible eflccls on the environment of earcing-
genic agents haudled or produced within the plant. Whore evidenco
indicates the envirommenial spread of an occupalional cancer hazard
{o persons living near the plant, the survey should bo extended to
the population Living or working in the vicinity of the plant and may,
if feasible, include an epidemiologic study of cancer among wild and
domeslicated animals in the area.

(e) Conlact should always be made with the plant pliysician and
information obtained as to the type of medical supervision, the Lype
of medieal facilities available, and the employment and medical policy
observed in connection with workers who have developed preeancerous
or canoeroud legions. -

(f) Through careful questioning the investigalor should discover
any changes made in production, handling, and precauiionary mens-
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ures employed during the period of plant operation, Such changes
raay have a favorable or adverse effeet on the conditions of exposure,
The direction of this influence muy sometimes be rather unexpected.
For example, improved production methods aud precautionary meas-
ures which may reduce the concentrution of carcinogenic dust in the
atmosphere muay also increase rather than dimimsh the degree of
exposure. In order to obtain better yields in production, the car-
cinogen may have been more finely powdered, thereby causing a dust
which reaches the deeper regions of the bronelial tree, The con-
sequent intensification of the curcinogenic cftect causes an inereased
incidence and a shortened latent period of the resultant cancer of
the lung. A corresponding result may follow when a mist hazard
is converted into a vapor hazard, or dust hazard into a fume or vapor
hazard.

Changes in the physico-chemical status of the carcinogen may result,
moreover, in a shift of the site of Lhe ensuing cancers, (See C-1.)
Althongh it is not likely that a carcinogen present in mist form may
reach the nasel sinuses (unless these have become abnormally acces-
gible through operative procedures, such as are performed for the
relief of ehronie sinusitis), cancerons reactions of the sinus lining may
be anticipated if the earcinogen appears in the form of a vapor or
gas that can enter the sinuses and be trapped, condensed, and retained
in the cavity,

In investigating the cffects of such changes in production methods,
the investigator must constantly bear in mind that, as a rule, effects
do not become evident nntil a lng period of at least 5 yeavs, correspond-
ing to the nsval Jateut period for the type of cancer, hag elapsed,

Detailed information should be ebtained on the preventive, prophy-
Inetic, sanitary, and medical measures taken by plant management for
reducing or eliminating the cancer hazard and of the dates upon which
suclt measnres were introduced.  The (ype and extent of precautionary
measures laken; extent of medical supervision; and follow-up of
former workers and of workers shilted firom haznrdous Lo nonhazard-
ous operations, Speeial attention should be paid to the methods
employed in the disposal of carcinogenic indusirial wastes, since in-
adequate measnres of waste disposal may lend to a perpetuation or
reintroduction of cancer hazards inte operations which may have
been made sufe [rom the standpoint of production.

C. SPECIAL ASPECTS

The conduel of oceenpational eancer surveys presents a series of

speeial problems which must be taken into proper consideration to
assure results that ave relinble, significant and valuable for the con-
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duct of cancer research and for the introduetion of preventive
Measnyres,

L. Contact-Site Relations of Carcinogens

Observations in the fleld of environmental carcinogenesis have
shown that the route of contact with these agenis, as well as the route
ﬂ.nd nalure of the metabolism and exeretion or the site of their depost-
tion plays a definito role in determining the sile of the ensning eancer,

Those observations are summarized in table 3, which indieales the
t¥ e of contacl (direct and primary, depository, excrelory) for various
tarcinogens and the sile of resuliant cancer.

Table 3.

Contact-site velations of carcinogens

Site of cancer T'ype of contact Carcinogon

(Dircel, primary coniact.| Ultraviolel radiation, X-radia-

tioni radionctivo enorgy, inr,

] piteh, soot, processed miner-
Sledin_ . { al oils, greases, arsenicsls,
Depository contaot. ... _ Arsonioals,
\xeretory contaet. __._. . Arsenicals.

[ Divect, primary contact__| Radioactive gasos nnd duats,
fumes, dusis, mists, vapors
of tar, piteh, processed
minoral  ofls, ~ clhrvomates,
nickel oarbouyl (1), arsenle,

asheslos (1), isopropyl oil (D).
Radionctive gases,

Tung, laryny, nasal |/
ainuses.

| Excretory contacl____ .

Bladder, ureter,

Txoretory contact. ...
kidnoey.

Aromatio mmines, tar (P, ar-
sonio (1),

Bone and Lone
IMBITTOW,

Depository contaot. .. ..

Dirvecl primary conlnct..

Tonizing radiations (radionctive
snbstances), bonuel, beryl-
Huam ().

X-rathation,

Pespite the fact that the tigsnes of the alimentary and nervous sys-
toms are directly or indireetly exposed to a greal nmnber of enviren-
mental agenis—some, such as tar, pelrolowm. derivalives, arsenic and
benzol, having definite carcinogenic propertics—and although cancers
of the alimentary tract exhibit topoguvaphica] fontures indicating the
ceusal action of exogenous careinogens, thers exists no definite evidence
that specific exogenous and environmental Lnctors are involved in their
genesis. Since cancers of the slimentary system constitute almosi
one-half of all cancers observed in males and since cancor of this organ
system, as well as those of the contral nervous system, usually have a
poor prognosis, it may be hoped that environmental cancor surveys will

BOOET7Bume i
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provide data indicating the cansation of at least some ol the cancers
affecting these two organ systems, and thereby help open the way to
their ultimate control.

2. Environmental Cancer Pattern

In studying the medical histeries or symploms ol workors exposed
to occupational carcinogens, attention shenld be given ol only to
cancers, but alse to precancerous lesions (prelilerative conditions
which aro sometimes observed preceding and not infvequontly leading
to cancer), and pericancereus lesions (conditions dne to carcinogonic
cxposure, but are umelated (e the carcinogenic procoss, yel sorving
a8 stigmuta of previously suslained spacific eaveiniogenie oxposures).

Proper altention should be given te the impertant facl that exope-
neus carcinogens net only elicit hyperplastic and benign neoplastic
cellular proliferations preceding, preparntory lo, or simuliancously
with, cancerous reactions. Deponding on the quantitative and qualita-
tive conditions of expesure, thase carcinogens may also cause degenora-
tive, necrotizing and, in fact, anti-cancerons effecls.  Such nmbivalont
respanses to axogenous crreinogens appear in many fornis and are not
infrequently present in individunals with environmental precancorous
and cencerous lesions. In fact, whenever such an envirenmontal can-
cer peitern, including heth aplasiogenic and hyperplasiogonic mani-
festations, can be demonsirated in tho same individual or a group of
individnals exposed to Lhe same agont, it serves as valnable cvidence
in suppert of an exogenous causnlion of the eancorons responsoes ob-
served in the populatien group.

Ameng tho axegenons carcinegens which produce these ambivalent,
effects are avsenicals, benzel, ionizing radiations from radioaclive
chemicals and X-ray tubes, estrogens, urethane, and cerlain nitrogoen
mustards. Their anti-cancerous aclion is ntilized in the thorapy of
malignant tumers, while their carcinogenic action hag resulted oc-
casionally in the preduction of cancers when they hiave heen uged mo-
dicinally in the treatinont ef nenmalignant conditions.

These ambivalent precancerons and pericancerous renctions to on-
vironmental carcinogens ave summarizod in lablo 4.  As may he noted,
they are found in the entire range of (he careinegonic gpectrum and
affect the skin, nasal passagos, bladder, bone marrow, lungs, and
breasts.

A characteristic envirenmental cancer pattern may ho prosonted by
the changes in the blood and hematepoiotic tissues following exposure
to benzol er ienizing radiations. At one extromo of {he scele, henvy
exposure is found to bring degonerative, necrotizing and atrophic
changes, such as aplastic anemia, leukopenia, thrombocytopenia, mac-
rocytic anemia, and severc atrophy of the hematopoiotic tissues. On
the opposite end of the reactive range there occur leucooytotic, liyper-
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leucocytotic and leukemoid reactions with the appearance of immature
leucocytes, polyglobulia, leukemia associated with metaplastic eryth-
ropoietic, myeloid and leukemic proliferations in internal ergans,
and myeloid and leukemic hyperplasia of the bone maxrow.

Table 4. Precancerous and pericancerons veactions o environmenial

carcinogens

Reactions

Etiologic Agents

SKIN
Alopecias
Spotiby lesa of haire. oo

Arsenic, ionizing radiations
gcra.dio aotive substances,
~redintion),

Atrephy:
Skin grossly thinned and gllstening in
patohes, associated with keratotle

areas,

Piteli, tar, asphal, pctroleum,
radionetive substauces,
X-racdiation, ultraviolet radin-
tlon, solar rays,

Eozemas:
Dry seborrheie patehes on skin___...____

Arsenio, asphalt, piteh, soot, tar.

Keratosis:

Flat, diserete, scaly area en skin with
raised pearly borders. Usuaily on
parts of skin exposed {o earcinogen, but
may ocour in unexqosed paris, partieu-
larly about sweat glands, with alsenia.

Hjﬁ)m‘kemtesis:

ough, fissured keratcotio plagques with
small, hard, wart-like horns usualiy on
hands and soles, May beaome nodular
and uleerate,

Verrncao: )
Horn-lika hyperkeratesis. . ... ...

Anthracene, oarsenio, sasphalt,
oreosote, crude minora]l oll,
paraffin, piteh, soot, lar, radio-
active substanees, uliraviolol
radiatien, X-radiation.

Uleoration:
Breakdewn ef keratotic leslons. . _.
Chrome holes o o oo e

Arsenicals, .
Chromates, chromioc agid,

Leukodermas:
Pa%qches of subnormal melanin pigmenta-
ien,

Lsuko-melancdermas
Patehes showing increased Eigmentatiou
and patohes shiowing subnormal pl{;—
mentation of skin. est common in
areas of highest pigmaniation, and may
involve oral mucosa,

Melanoderma:
Patolios of inereased pigmentation___. ...

Anthracone, arsenic, asphall,
croesota, erudo minaral oil,
araflin, pitel, tar, nonioniz-
ing and ionizing radintions
g\radioacbivn subslanges,
X-radiation, ullraviolol radia-
tion, selar radlatlion).

Scleroderma:
Dry, sesly, parchment-like skin, with

enlarged pores, assoolated with louke-
maelanederma,

Crude minaral oil, paraffin oil,
lonizing radialions (radloasctive
substanoces, X-rays, uliraviolot
rays, solar rays).
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Table 4. Precancerons and pericancerons veactions lo envirommental
carcinogens—Continued

Reactiona Etiologie Agonts

NASAL PASSAGES
I’agillomaa and polyps: _ _
rowlhs in autinm, cthmold eclls and | Isopropyl oil, niekel carbonyl,
t}wbinntes. Nasal septom  perfora- chromatas, arsenicals,
tions,

BLADDER
Hemorrhage, siubmucosal:
Varying size, with telangiectasia, Loeated
inainty in trigone and about uroteral
orificos,

Benziding, beta-naphthylamine
and derivatives,

Papillomas:
olypous or villous, pedunculated ov
gessile, Often multipte about trigone
and nretoral orifices.

EYLES
Pagillomas: ,
edunentated. Develop mainly on Hds, | Arsenic, asphall, ercosote, erudo
oceasionally on oyshall. mineral oil, piteh, tar, ionizing
radistions, uitraviolet rays.
BONEL

Chronie poriostitia: .. . .
Thiekoning of perlosteal tisswe, neorosls | Ionizing vadiations (X-vays, radio-
of hone, setive snhstanees).

BONE MARROW HYPOPLASIA
Blood dyscrasias:
Ilyporplasia nnd metaplasin, aplastic | Benzol and derivalives, jonizing

anemia, thromboeytopenia, leukopenis, racliations  (radioactive sub-
monoeytosis, erythrooytosis, leueosy- stanees, X-rays),
tosis, leukemoid reactions,

LUNGS

Pncumoconloses and Pnenmoniu:

Ashestosis, *lipoid” pnenmonia, chronle | Asbestos, arsenie, tar, soot, min-

chemionl pneumon} . oral oil mist, chrome salls,
nickel carbonyl.

BREAST
Painful; swollen breasts: Tlatrogonic chomieals.
Glandular hyperplasia,

Intermediate degrees of exposure, whether continuous or intermit-
tent, will produce mixed veactions. In general it will be found that
increasing exposuve will vesult in inereasing effeels of both the hyper-
plastic and atrophic types up {o o certein point, From that point,
the incrensing severily ol exposure will cause a preponderantly aplastio
effect, overwhelming any hyperplastic reactions and leading, as ox-
posure inerensos, to death of the ovganism by destruction of tissues.
Thus, a primarily hyperplastic phase may be followed by an aplastic
phase, or vice versn. depending upon the degree and rhythm of
gxposure.
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tract, etc.), smong porsons living in various parts of the survey aroa.
Different types of exposure to the same carcinogen, ns well as contact
with diffcrent corcinogens, have a direct influcnco on the incidence
rales and localizations of eancer within ono particular organ system.

For » conclusive demonstration of {he occupalional or environ-
mental nature of eancors suspeoted on the basis of statistieal and
epidemiologic evidence, it js nsnally necessary to reproduce identical
cancers in oxperimental animals by means of the suspected agent.
In fact, it is held by many investigators that the actual cause of a
particular occupational eancer is nol proven until oxpertimental re-
production has been achieved. Conversely, it is not inlreguently be-
lieved that the demonstralion of carcinogenic responses Lo an exoge-
nous agent in animals is evidence that this agent may exert » similar
action in maen. On the basis of this assumption, chemicals produced
and used in industry and consumed by the general public ave screened
and tested in experimental animals for potentinl carcinogenie prop-
orties they may possess for man, However, oxisting facts indicate
that neither o successful reproduction of cancer in animals nor the
bioassay of chemicals for potential careinogenicity in man Ilfill
ontively the reqnivements that must be placed on such tests.

For instance, under proper eonditiong of exposure heta-naphthyl-
amine and benzidine elicil bladder cancer in man. Such tumeors are
produced in 100 percent of the individuals after sufliciently intonse
and prolonged contact with theso chemicals, Ago, sox, and heredily
do not seem to have any appreciable influence in this respeet. The
experimenta] reproduction of these bladder cancers was suceessfully
achieved by feeding mnle or femaie dogs beta-naphthylunine. There
is controversy as to wholher or not vabbity react similarly to the
adminisiration of heta-naphthylamine; it is esinblished that rats and
mice do not vespond with the development of bladdor cancer when
given this chemical by various roules, although they readily show
this response upon bhe introduction of ralated aromatic amines
(2-acotylaminoflnorene) and aromatic azo-componnds (0-prino-
azotoluene, o-toluidine)., On the other hand, dogs fod benzidine in
high and at times toxic doses for a poried of more than § years did
not develop bindder tumors ; vals receiving the snme {rontment respond
with the production of eancers of the enstachian tube, hepaiocer-
cinomas, and leukemia. The two aromalic amines found lo be
carcinogenic 10 man causo speoies specilic cancorous responses which
in the rat ave complicated by s shifl of the carcinogenie shock organ
(i. 8, the bladder, in man) to several other tissues (1. e., liver, bono
marrow and, probably, custachian tube).

The chemical analysis of the urinary metabolites of the two aro-
matie amines when given to different species suggoesis that variations
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in their metabolism characteristic for the species tested seem to be
related to the species specific carcinogenic propertics observed. It
thus was found that beta-naphthylamine is excreted by the dog as
9-pmino-1-hydroxynaphthalene conjugated with sulfuric acid, while
rats, rabbits, and monkeys given injections of beta-naphthylamine in
olive oil eliminate in ithe urine the base itself, its N-acetyl derivative,
its N-acelyl-6-hydroxy-derivative and an unidentified dibydvoxyami-
nonaphthalene. After the admiunistration of henzidine rabbits excrele
the free base and a hydroxy-derivative, white rats eliminate a hydrox-
ylated compound and an acylate derivative, Workers exposed to
chemicals containing benzidine excrete hydroxy- derivatives, while acyl
derivatives and free benzidine have not yet been demongtrated in man,

Varions aromalic azo compounds produce cancer of the liver in rats
bup not in rabbits. Observations snggest that this species specificity
is not entirely of a constitutional nature, but depends in part on exoge-
nous dietary influences which, through impairment of the normal liver
function, cause an abnormal metabolism of the carcinogenic azo-
compounds. While a constitutions]l factor which causes a rapid
oxcretion of butler yellow may account for the resistanee of rabbits
and guinea pigs to the carcinogenic action of butter yellow, the
exogenons dietary factor that is essential for the carcinogenic action
of the chemical in the rat is the ribeflavin deficient diet, withont
which liver cancer does not develop. Recent experiments showed that
rats kept on an adequate diet and given 2 azotoluene excrete 2,1
aminophenol in the urine while rats given a riboflavin deficient diet in
addition to the chemical eliminate aniline in the urine and develop
bladder tumors.

Another sxample of the species specific quality of carcinogens is
offered by tar. While it has been possible to elicit skin cancers readily
by the application of various types of tar in man, mice, and rabbits
and with some difficulty in rats and dogs, all attempts to obtain similar
rosults in monkeys have failed.

Tt is not unlikely that species specific factors may he responsible
for tho equivoeal results obtained in experiments aimed at a yeproduc-
tion of arsenic cancers in animals. Since the average latent period of
arsenic cancer of the skin is relatively short when compared with the
1ntent period for oil cancers, it is improbable that the species specific
diflerences in life span play au important role in preventing the
carcinogenic action of arsenic to become mantfest in animals, 1t may
J»e possible that the generalized hair growth in experimental animals
creates a highor excretory potential of arsenic and theveby lowers 1t8
carcinogenic action. However, the strikingly spotty appearance of
drsenic cancer in man points to the action of other mechanisms, prob-
ably of abnormal nature, thet must be present before arsenic can
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produco cancerous responses even in man. It is reranrkable in this

cotmection that a high percentage ol all medicinal nrgenie eancors
have been observed in individuals with psoriasis. . o

Another example of the great imporlance of species specificity is
presented by the continued controversy as Lo the G!Il.'(:llmgul]l(:lty of
estrogenic substances in man. While thero can Lo Hitle doubt that
ostrogens are essentially involved in the devolopment. OF nammary
cancer of cortain inbred strains of mice of both sexes, 1t is still ques-
tionable whether estrogens participale inthe prod llctinq ofsuch Lumars
in man. There is little likelikood that a definite deciston of this con-
troversy will be obtained from obsevvations mado on Wome, How-
ever, reeent observations made in males with intensive and prolonged
medicinal or ccenpational contact with synthelic estrogens may soon
provido the final answer Lo this question, Unilateral ov bilaloral mam.-
mary cancer has been feund in several males who recoived large
amonnts of stilbestrol for tho control of cancor of tho prosiate. Sineo
normally less than 2 percent of all breasl enrcinomas oceur in males, the
continued therapentic use of estrogens in the treatment of prosiatic
cancer may supply conelusive ovidenco as Lo the earcinogenicity of
estrogens in man. The occurrence of hyperplasin of the breast in
pharmaceutical workers in England and tho Tniled Slales ongagod
in the manufacturs of synthotic estrogens muy provide confirmatery
cvidence in this respect, il and when mammary cancors dovolop in
mele workers of this occupational group.

Bricf mention may be made in this covnection of two additional
chemicals with potential or controvorsinl carcinogenicity Lo man and
definito or equivoeal carcinogencily to animals, Seatiered occupntional
observations indict benzol us a leukemiogenic agenl in man, How-
ever, tho experimenial observations mada so [ar entirely on mice are
contradictory. Boryllium has been shown Lo clieil osteegenic sarcomas
in rabbits only by means of intravenous injections, It is an opon ques-
tion whether this observation indientes that this substaueo may exort
s similay cffect in workers exposed to il by a difleront route.

Speeios specific differences exisl also in Lo fiekd of physicel eaveino-
gens and produce uncertaintios and problems thore identicnl with
those encountered in connection with primary chemicnl eavcinogons,
Epidemiologic ovidence strongly indicales that an excessive oxposuro
to solar rays may resull in cancor of (he oxposad skin among indi-
vidunls espeeially predisposed by their light complexion, Observa-
tions made on mice and rats subjecled Lo intonsive treatment with
ultraviolet rays seem to confirm this enusal relation belween exposuro
to solar actinic energy and cancou developmont., ITowovor, all attompls
to produce experimentally ultraviolol ecancor of the skin in guinon
pigs and rabbits have failed, Thus, observations on two gpecies scem
to negate any relationship of solar irradistion sud eancor. Such a
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conclusion, however, is a [allacious one as £a1 as man, mice and rats
arc coneerned. The inability of ultravielet rays to elicit skin cancers
in guinea pigs and rabbits rather may be due to species speeific differ-
enees in the pholochenrical reactions und reaetion produets produced
in these species. These species specifie differences in the response to
ultraviolet rays, by the way, do not support the widely held coneept
that actinic energy elecits caucevous responses by eausing primary
direct cellular mulations, The available evidence favors the idea
that physical earcinogenic agentis also produce eancer through the
mechanism of chemieal deviations, of so far undeterinined eharacter.

Lvnluating the evidence on the species specificity of physical and
cliemical earcinogens and its relation o occupational carcinogenesis
tha following conelusions may be reached:

L, Failnre to reprodueo cancers of certain sites in experimental
auimals, using agents which seemingly produee such cancers in man,
does not disprove the careinogenicity of the pariicular agents for
man.

2, The employment of experimental animals in the screening of
exogenons agents for potentinl earcinogenicity in man, while being
at present tho only available and practical method, is not an entirely
rolinble one.

3. In the experimental study of eareinogens which affect humans
the selection of a suitabla speeies represents the fundamental pre-
requisite for obtaining resulls that ean be applied to man,

‘The planning, preparation and technical execution of animal ex-
periments on occupational earcinogens present certain speeial aspeets
and considerations whieh may be worth mentioning since thay may
influence deeisively the outeome of the experiment, Given s suitablo
i.est speeies, applied experimental oecupational cancer research must
aim to dupliente or at Jeast closely approach in its experimental con-
ditions the circumnstances of oxposure that are beliaved to lead to the
development of cancer in man. Experimenial evidonce cbtained in
ithis way is most useful in its direct practical application to the
existing occupational problem,

I'or instance, when designing the experimental conditions by which
an occupational hazard entailing the inhalation of o carcinogen is to
be studied, it is essentinl to ascertain first tlie physical stalug of the
carcinogen under the existing working conditions; i, e, whether it
is a gus, vapor, mist, spray, fume, dust, or a combination of soveral,
and what its particle size is if it oecurs in a dispersed form, It is
cspeeially important to aseortain the smallest particle size present,
and ils proportion in the dispersed matter. Industiial hygienisls
are now paying marked attention to the determination of the particle
size, since this facior is of uimost importance in determining the
depth to whiech the inhaled particles penetrats ihe respiratory
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tract, and thus in controlling the site and degres of exposure
to the inhaled agent. Not infrequently the same agent under-
goes several changes in its physical state when passing through
various plant processes. Tor instance, chromite ores reach the fac-
tory coarsely ground. The particles in this stato may pass a sieve
of § to 10 mesh, After the ore has been ground in steel ball mills
to a fine powdar the particle size is reduced so the chiromite ore passes
through a sieve of 100 mesh and half of it through a 250 mesh.
When this powdered material is processed in the plant and dnst is
produced, il is obvious that the smaller dust particles will remain
snspended in the air longer than the coarser ones and that the main
exposure of the workers results from the inhalation of the portion of
chromite or chromate compounds having the smaller particle size.

When applying such information to the experiment, it is necessary
not only to selecl & dust of proper particle size but also an animal
with respiratory passages thal permit the penetration of the dust
chosen into the bronchial tree. In view of the narrow respiratory
passnges of small animals such as mice, it is nol likely that these
species ofler favorable anatomical conditions for administering eflec-
tive exposures to carcinogenic dusts when the action of these dusts
is dependent on direet contacl of the bronchial tissue to the car-
cinogenic agent.

When determining the dose of carcinogen to be administered, it is
not unusual that data used have beon collected and recorded by in-
dustrial engineers and represent eoncentrations of the offending agont
obtained in o number of random spot checks or are average values
derived from tests of longer duration. Under practical working con-
ditions, however, concentrations of injurious and carcinogenic agents
may vary considerably during various phases of ithe operation and
especially at times of accidents, during maintenance work or during
repairs. I{ is Tor these reasons that speeial ocenpational groups om-
ployed within a carcinogenic operation often exhibit a particnlarly
high incidence of occupational cancer ng they are exposed inter-
mittently to highly increased concentrations of the careinogenic agent.
In the experimental approaches to oceupalional eancer such observa-
tions deserve adeqnate considerations, as the use of insufficient doses
caleulated from averaged concentration figures may produce mislead-
ing negative results. Data on the concentration of radioactivity in
the Schneeberg mines, for instance, indicate that there are not only
appreciable variations in the degree of average radioactivity in the
different mine shafts, but that the contents of radionctive gases within
the same mine vary considerably in different parts and at different
times, thereby cansing an exposure to the miners that, ag far as car-
cinogenic concentrations are concerned, should be measured more in
peak values than in averaged values. Therefore, the proper appli-
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cation of observations on exposure in the field seems to be an important
part in experimental studies on occupational earcin OFONesis.

Since there is an almost complete lack of relinble information as to
the minimal effective doses for man of the various occupational car-
cinogens, and in view of the fact that the great majority of expoeri-
mental reproductions of occupational cancers have been done with
doses appreciably exceeding ihose enconntercd under working con-
ditions in induslry, it does not scem wise {0 attach Loo much sig-
nificance Lo negative experimental resulis when low doses were used.

4. Age Factors in Occupational Cancer

A gurvey of environmental cancer should include all cases in the
aren, vegardless of age, sex, race, or site. The final analysis, however,
should consider these {netors separately and should maka the proper
adjustments for standardizalion, so as to obtain comparable figures.

Sinee ocenpational exposure to carcinogenic agents does not start,
as & rule, before the age of 16 Lo 18 years, and inasmuch as the average
latent period for occupational cancers is from 5 to 25 years it is ad-
visable to vestrict the evaluation of data in a study of occupational
cancer to persons of the age group above 25 years. Alihough female
workers often leave industrial occupations at an carly age, tho ex-
tensive employment of female workers in certain industries and pro-
fessions with potential cancer hazards warrants their inclusion in such
surveys. These industries inclnds rubber goods manufacture, lumi-
nous dial painting, spinring and weaving, X-ray and laboratory work,

Many environmental carcinogenic faclors, on the other hand, act
on the human organism al a much earlier age than the occupational
carcinogens. TFor instance, cpidemiological studies on the incidence
of penile cancer in cireumeised and noncireumeised population groups
indicale that the first 10 years of life are of definite importanes in
delernining the oceurrence and age of appearance of penile cancer,
Lt is conceivable that even prenatal maternal influcnees, exerted on the
fetns by exogenous factors penetrating the placental harrier may bo
-active in eliciling cancer in the young, Thus, there arve no definite
age rango limitations in genaral cancer surveys.

Detailed presentations of the problem of envirommental and oc-
cupational enncers and related disorders ave available in the lollowing
publications by W. C. Hueper

Oceupational Tumors and Allied Disenses, C. C, Thomas, Spring-
field, Illinois, 1942, p. 896.

Environmental and Oceupational Cancer.  Pub. Health Rep. Supp.
209, 1948,

These may be useful for the interpretation of the results obtained in
environmental and occupational CANCOY SULVeYS.
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APPENDIX A

Occupational and Nonoccupational Groups Suggested for Survey

1. Bxposurc to benzol and its derivatives, naphtbol, aromatic amiues, toluol,
xylol (wilh passlble velatlion to leukemin, lymphosarconin, and myetoma),

Alrplane~dope workers, MordanLers.

Arrpinne hangar employees., Niirohenzol malkers.

Atcohol {denutored) workers, Nltrocellulose workers,
Antllne workers, Otl extraglors,

Avt-glass workers, Palnt romover mannfacturers.
Ashestos-products impragnators, Painters,

Battery (dvy) mnkers, Pavaflin makers,

Beuuty purlor operators, Pencil makers,

Belt scanvers. Perfume mukers,

Benzol purillers, P’etroleum disllllery and refinery
Benzol workers. workers,

Brake lining makers. "rarmaceutical worlkers,
Bronzers. Phenotl mnkers,

Burnishera. Moloengravers,

Cnu (ruliier gasket) manufacturers. Photographle ehemleal makers.
Can {rubber gaskot) sealers Pierle acld minkers.

Carbolic aeld makers, Plustic {extile makers,
Chewlsts, I'olish makers,

Chiorodiphenyl makers, Dolighers,

Cluteb-disk Imjregnators, [ottery decorntors.

Coal tor still eleaners, Priuters.

Coal tar workers, Pulty makers.

Cobblers, Pyroxylin plastie workers.
Color makers, Rotogrnvure workers,

Cclke oven tar workers, Ltubher buflers.

Compositors, Rubber cemeniers,

Degrensers, Rubber cement mixers,
Disinfectant maikers. Rubler componnders,

Dry cleaners, Rulher dippers,

Dye mukers, Rubber drievs.

Dyers. Ruhberized asbeslos board malkers.
Rlectroplaters. Ruobhar mixers,

Tlectroplate casl gerubbers. Rubber pressroom workers,
Bnamelers, Rubber reclainers,

Enamel makers, Rubber tirve bnilders,
Fingravers. Rubboer treadera.

Hxnloslve maliers, Rubber workers,

Feather workers. Shade cloth workers,
Fertllizer makers. Shellnelkers,

Mavoring extract makers. Shellac makers,

Galvantzers, Shoe finlshers,

(as honse worlers, Shoe fuckory workers,
Gasoline blenders. Shoe-heel {wood) coverers.
Gllders, Smokeless powder makers.
Glue makers, Soap makers,

Ink malkers, Tay dlstillery workers. .
Lacquevers, Tar, plteh, oll, ele, tank cleaners.
Laecquer makers, Pextile follers,

Leather makers {arttflelal and patent). | Tobacco secdling Lreaters,
Linoleum workors. Trinlirotolnol malers,
Lithographers, Type cleanars,

Metnl washers. Varnlshers,

MiHlnery workers, Varnish makers,

Mirror sllverers. Varnish remover manufacturers.
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War gas makers,

Waterproof fabrle makers,
Wax makerg,

Welders,
Wire insulators.
Window shade malers,

2, Ixposure to aromatle awmines, anlline dyce and related aromatic chemleals
(with possible relation to cancers of the bladder, nreter and kidney).

{¢) Occupntional exposure:

Agrieultural Inborers,

Bluo print makers,

Candle makers,

Candy (colored) makers.

Cosinetle manunfactures (colored
lipstick, powder, cream, eye-
brow pencil, gkin tan lotions).

Citrus fruit dyers.

Dyc handlers, packers, mixers.

Dye makers (anlline, naphthyl-
amine, henzidlne, xylldine,
totuldine, ete, ).

T'ur dyers and workers,

Grrdeners (arematle pesticldes).

Ink makers,

Leather dyers aud workers.

Lithographers,

Margarine (eolored) makers,

Marmalade and jelly (colored)
makers,

Ore fotatlon workers (beta-
naphthylamine, cresylle acid,
efe).

Painters,

Paint makers,

Papor dyers nnd manufacturers,

Pharmaceutien! workers,

Photographers.

8. Iixposure to tar, pitch, ofl, soot, asphalt, creosote,

(e) Ocenpntlonnl exposnre—Continned
Photographic chemieal workers,

Priniers,

Rubber workers (antoxidants:
heta-nnphtbylamine, phenyl-
betn-urphihylamine, butyl-

beta-naphthivlamine, ete).

Shoe mannfaelurers.

Soft drink (eolovred) manuface
turers.

Textile dyers,

Textile printers,

Wax peneil mukers,

(b) Nonoceupatipnnl exposure:
Cansumers of eclored foodstufls,
Users of eolored cosmetics,
Users of dyed textlles and lenth-

ergaods that hleed excess dye
when c¢oming in contact with
sweat and sebum.

Users (frequent) of medieal prep-
aratlons conlalning aromntle
omine growps: antihistamines-
allergles, hayfever, ete.; nnal-
gesles-endnche, newmalgln,
dysmenorrliea, arthritly, mi-
gralne; medielnes  (ligulds,
tablets, capswles, olntmenls)
colored with anlline dyes.

carbon blacks, parvafiln,

anthracene (wlih possille relation to cancerg of the gleln, lung, blndder, and

lenkemla),

Artificlal-gtone makers,
Asbeatos goods workers,
Asphalt workers,

Anthrneene manufneturers,
Battery (dry} worlers,

Brick layers,

Brickynvd workers,

Briguet makers,

I3rush malkers,

Cable makevs and Iayers,
Cavbon black makers and usera.
Chimney sweepers.

Coal earbonlzntion workers,
Conl-tar at1i] eleaners,

Coal-tar workers,

Coke-oven workers.
Cordage-fnetary workevs,
Corkstone makers and earpenters.
Caltoa spinners,

Creosoting plant workers,
Diesel engine attendants,
Rlectrical equnipment manufacturers,
Hlectrode makers,

Iingineers,

Toundry worlkoers,

Mahernien,

Flue eleaners,

Tuel oll suppllers, iruck drivers.
Turndee workers,

Oas house workers,

Gus (Ulndnating) workoers,
(enerator stokers,

Orease mmonkeys,

Orease plt workers,

Ink makers.

Insnlntors.

Lamp black makers and users.
Machinlsts,

Meehanleg.

Metal workers,

Ollers,

Ol refllnery workers,

O11 well workers,

Ontieal lons grinders,

Ore flotatlon plant workers,
Palnt sprayers.

Parnflin distitlory workers.
Paraflin plant workers,
Pavers,

Pharmaceutical workers,
Pltch workeys,

Plastie cement workers.
Printers.

Road repaivers.
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Roofers,

Roollng-paper worlkers.
Roepe makers,

Rubber workers,
Sanitary plpe makers.
Shlpyard workers,
Soap makera,

Shale oll workers,
8tokers.

Tank cleaners.

Tar painlers,

Tar paint munufacturers.
Tar workers.

Texllle workers.
Wuterproofers,

water proof paper malkers,
Wood plcklers.

Wood pregervers.

4, Exposure to chromivm and chromium compounds (chromium metal dust,
chvomates, chromtim pigments, chromle acid, chromiuwm carbonyl) {with pos-
stble relation to cancer of the lung and nasal sinuses).

(a) Occupatlonal exposure:
Abrasive makers.
Abrasive workers aund polishers,
Asphalt vefinery workers,
Battery (dry) malkers.
Bleachers,
Blueprint malkers,
Candle (coloved) makers.
Coal tar worlers,
Chromate, chromtmin plgnients,

chivomle acld and leather
tanning compound manufac-
turers,

Chromlum ove miners and miners
of other metal ores with chro-
mium admixtures (cobalt),

Crayon and pencil (eolored)
makeys,

Doek workers unloading chro-
mite ore.

Tlectroplaters,

Ilectrolytical chrominm
mannfasturers,

Inameclers.

Iimamel makers.

Dxplosive manufacturers,

T'urniture polishers,

Glass and pottery frosters,

Ink wakers,

Linoleum workers,

Lithographevs,

metnl

{(a) Occupational exposure—Continued

Matel-faetory workers,

Mordanters

Palnt manufacturers,

Paiuters.

Paper dyeus,

Paper makers,

Paper money makers,

Paper waterproofers,

Photoengravers,

Photographle workers.

Phiologravure workers,

Potlety glaze makerg,

Potlery makers,

DPrinters,

Refraclory Drick makers
nasons,

Rubber vuleanizers,

Soap mukers,

Siainless steel workers,

Tannery workers.

Textile dyers,

Textile priniers,

Textile walerproofels,

Wax-ornament workevs,

Walders.

Waod stainers.

() Nonoceupational exposure:

Persons llving or worklng in fume
and dust zone of chromate
plants,

and

8. Bxposure to niekel and nickel compounds (nickel meial dust, nlckel carbonyl
vapors, niekel oxide, niekel gulflde, niekel alloys) (with possible relation to

cancer of ihe lung and nasal sinuses).

Abrastve mannfacturers.

Ceramlc glazers.

Oliemical workers In operaitons
using nickel eatnlysis,

Coln makers,

Ileetroplaters,

Tinamelers,

Euamel makers.

Gearman sflver mannfacturers.

Gerinan silver sinlihs,

Hydrogen manufnefurers,

Monel metal malkers,

Nickel alloy makers (coppey, si-,
ver, aluminnm),
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Nickel-chrome alloy nanufae-
furaers,
Nlckel-chrome wire 1manufae-
Lurers,

Niekel extractors.

Nickel ore miners.

Nickel ore smelter and refluery
workers.

Nlickel polishers,

Nickel-steel workers,

On refinery workers,

Btorage battery manufacturers,

Trle manulacturers.



6. Ixposure to arseniec and arsenleals (arsenie metnl, arsenlous oxide, caleinm
argenate, sodium arsenate, lead arsenate, euprlie acetoavsenite, Parls green,
Loudon pnrple, Scheele's green, Schweinfurt green, Walman salts, realgar,
orplment, IFowler’s solutlon, Donovan’s plls, arsplienamine, cgcodylates,
Lewisite, Aslatle pllls, ete.)y {with possible relation to eancer of skin, lung,
bisdder, liver),

{a) Oecupational exposure: (a¢; Occupational exposure—Continued
Arsenie roasters, Pelt and har 1sctory workers,
Artifleial flower makers, DPeuell makers (eolored),

Book Muders, Pharmaceutiieal workers.
Bronze workers, Photographors
Cannery workers peeling frult Polson balt makers.

treated with insecticides. Pottery decorators,
Citrus frnit erehard workers. Poltery plant glaze dippers and
Cotton plantatwen workers, mixers,
Cnt-glass workers, Iyrites bnrners,
Dyers. Rologravare workers,
Dyestuff malkers. Rubber eompounders.
Dlectroplaters. Rubber mordant mixers,
Enamelers. Rubber pressors.
Farniers. Rubber tire workers.
Telt hat carroters. Sealing wax malkers,
Ferro-silieon workers, Seamstresses lhandling  fabrie
IMar handlers and preparers. dyed oy treated with arsenieals.
Galvanizers, Sticep dip manufaecinrers,
Gardencrs, Smoliers of arsenle, eopper, zine,
(ilnss mixers, gilver, lead ores.
Glass workers, Sulfur burners.
Glue mannfaciurers. Sulfarde acld workers.
Qold refineys, Tannery workers {earviers).
Ink manufactnrers, Taxldermists,
Insectlclde manufacturers, 'Pextlle printers.
Ingeeticide sprayers and dusters, Tinners,
Japan makers. Yelvet makers,
Jewelers, Vinery workers,
Lead factory workers, Vineyard workers,
Lead shot makers, War gas manufacturers,
Linclenm colov workers, Wax ornament warkers.
Lithographers. Weavers uslng yarn dyed with
Miners of arsenle, copper, zine, nge of arsenienls,

gilver, lend oves, Weed killer mannfaeturers.
0il eloth manufacturers, Wire drawers,
Oil reflnery workers, Wood presevve makers.
Paper (eolored) makers, v o
Paper glazers. Yood prescrvors.
Pnper hnngers. Zine mixers,
Paper printers, Zlne smelter chavgers,

i
(b) Noncecnpatiounl exposure:

Users of arsenic containing drlnking water, espeelnlly near arsenle oro
snielters and mines, of foodstuffs and Nquor eontaminated with avseni-
enls.

Users of arsenic containing moedieines (arspbenamines, eacodylales, Fow-
ler's solution, Agiatlc pllls, Donovan’s solution, argenious oxide in
tonics, nnilseptics, antipsorlasls or canstic olntments, antispasmodies),
cosmetles (haiv lotlong),

TPergong expoged to inhialation of arsenleal dust sprend from argenie ore
smellers or by dusting arsenieals from alrplanes.

7. Wxposure to ashestos (sllicates conteinlng caleitm, magnesium, jron, nickel
and copper) (with possible vrelatlon to cancer of the lung).

Artifical-wood manufaeturers, Asbesios-Insulation workers.

Asbestos constroctlon-matevlal workera | Asbestas-mill workers (crushers, fiber-
(mlll-board, wallpoard, shingle, tlle, lzers, molders, earders),
movtar, ellnker), Asbestos minaors,

29



Asbestos sgpinnors.

Ashestos-textile workers (eloth, bian-
ket, cnrtmin, Sheets, rvopes, covis,
twine, thread},

Ashestos wenvers,

Brake-lining mamfacturers,

Broke-lining worlkers,

Cnrpenters,

Dyc workers (acid and flreproof).

Rlectrie-wire manufaeturers,
™ilter-materinl manufacturers,
Gasiet makers.

Insulatlon workers (pipes, botlers).
Pinmbers,

Pump-packing meehnnies.

Roofers.

Rupber produclion workers,

8, Exposuve to solar radlation and ultraviolet radiation (wilh possible relation

to canger of the skin),

Agrlcuttural inborers.
Boatmen,

Cnttiemen,
Construction workers.
Cowboys.

Drivers.

T'nrmers,

Mghermen,
Ctardeners,

Herdeis,

Ilouse pninters.
Taumbermen,

Miners worklng in surfnge mines,
Nurserymen.

Olfieid workers,

011 operators,

Phnrmiceutical manufaciurers of vita-
mu D.

Ruilrond eugineers,

Rallroad workers,

IRanchers.

Romd workers.

Rural mail cnrriers,

Sailors,

Sportsmen,

Stockmen,

Sunbathers.

Vine growers,

Weiders.

9. Exposure to raentgen-rays and radioactive ehemtenls (wlth possible relailon
to cancer of ihe skin, lung, bone, liver, and lenkemia).

(a) Occupationnl exposure;
Atomie energy plant workers,
Biologists,
Clemlsts
Gasg manile manfacturers,

Latoratory tochnicians and atiendants,
Luminous dial puinters, handlers and shippers, metnl serap handlers.

Norses.

Pharmaceutieal workers using radioaclive isotopes and making radio-

active tracer substances.
Physieisis.

Radioaciive eleetrosiatic ellminator manufacturers and operators of such
devices in texiile and paper piants,

Radiotogle techaicians.
Radioiogists,

Radinm taboratory workers.
Radlum refinery workoers,

Research workers haundling radloactive isotopes and tracer substanees.

Roentgen and radinm technicians,

Roentgen mecihinnies,
Roentgeo-tulie manufoctnrers,

Roaentrenologlsts (medieal, eleelrie industry, aviation,

metnllvvgie, cheml-

cal, textiie, art and joewelry, shoe sales, heanty parlors, regearch).
Shoe snlesmen In stores nging fluovoseopes Tor fitting,

Uranium dye mikers.
Uranium giass makers,
Draninm ginze makers (tile).

Uranlum miners and miners of radionetive ores (piteh blende, carnotite,

ete.),
Uranima paint makers,
{D) Nonaccupational exposure:

Customers of shoe stores nsing fluoroscopes.
Patlents consuming radionctive swater for medicinal purposes over long

periads,

Palients reeclviug Invge doses of lonizing radiation for mediciual purposes,
People iving tu regions with radioactive ores and drinking or baihing ju
water of radloactive springs, ov residing in Lhe waste disposal avea of

radioactive operations.
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APPENDIX B

Occupational Cancer Record

1, Name 9. Place of Death: City
Hospital
3. Residence: State City Stree
4, Social Security No. 5. Sex 6. Color or Race
7. Date of Birth l 8. Age: Years Mos, Days 0. Date of Death
10. Qecupetion ’ 11. Industry or Business
12, Cause of Death 13. Method of Diggnosis:
Clinieal ( ) Biopsy { ) Autopsy ( ) Other ()
14, Name of Physician 15, Strees 16. City
17. Clinical Diagnosis 18. Pathologie Diagnosis: 19, Primary Site
Microscople ( ) Gross { )

99 Date of First Dingnosis | 23. Stage of Diessse ab Fimst

90, Date of First Symptoms 91, Date of First Visit to Physi-
Disgnosis

cian

94, History of Other Nlinesses of Site Affected 95. History of Injury to Site Affected




ze

28, Qceupttional History: List occupstions in chronologies] order beginning with last or Present one

Dates

Nams of Plant Location of Plant Typoof Busizessor Produet Mode |  Ttlo of Tob Tyoe of Work Perlormed
From | To

27. Esposure: (Investigator will name eareinogenie sibstances to which employee has been exposed.)

Duration of Bxposure Desenbe Type of Exnostire snd

Nams of Sabstanes Noumg of Plant Dato of Last Exposure Estimate Pereent or ?orkmg Time

Yeurs

Morths

28, Name g.;xy other important materiels o which exployee has been exposed,  (Hobbies; Habits; Medicines; Cosmetics; Diets: Environ-
men

20, Adgmonal Information Obtainable t: thsxcmn Laboratory; Hospitel Tnsurance Co,: ; Plant Medies! Department; Clinie; Tumor
WISy, ete.

Nome } Address

|

90, Any other information pertaining fo tumor {Multipieity, Sites, ete)

----------------------------------------

---------------- I-n };‘s-t’-g;t'o;- e L T T
Nome: Meze blocks shonid be added mder Nos, 2,27 snd 20 an actual record form,



3. Polsons—Countinued

*251
*252
#2638
254
225
2068
257
*208
250
*200
¥261
262
208
264
260
*206
267
208
200
270
21
212
213

Root (1amp hlaeck, earbon blaek, gas black, ete,).
Spludle oll.

Sterols,

Sulphur chloride,

Suiphur dlox!de,

Sulphuretted hydrogen (hydrogen sulphide),
Sulphurie acld.

Tayr and piteh | artificial agphalt; bitumen-Ugnite,
Teillurlum compounds,

Telvachlorethane (acetylene tetrachlorlde).
Tetrachlorethylene {perchlorethylene).
Tetrasthyl lead,

Thallinm.

Tin.

Titanium oxide.

Trichlorethylene,

Tmorthocresyl phosphate.

Turpentine,

Uraniumi.

Vanadium,

Vinyl chloride.

Zlne; beass, metal fume fever,

Styrene,

K. Tranma (nof covered Iu any of the above) :
Chemienl:
800 Chemicnl, acuie,
801 Chemieal, chronie.
Physical:
302 Mechanical, acute,
303 DMechanieal, chronic,
*8304 Thermie, neute (burnd,
*308 Thermle, chronde.
Senrs, fistulas:

*308 Soars, fistuing, ete,

It there are present more than three hazards, cach of which 1g from a different
major hazard group, code in preference an follows: G, I, B, I, K, 13, 11, G, A, D,

+Carcelnogeniclty recogunized ov suspeated,
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APPENDIX D

Plant Survey Record

Dot

L Comp.m‘ ----------------------------------------------- 11, Number of employes:

2 LO0BHON oo

S Plantmamager ... Production | Offiw | Total

4 Plantphysiian ... .. Ml

s Vonte. oo

S, Inswance. e Colored

6, In operation since ... Femd............

7. Produets manufactured ... 3;?;1‘5

8. Known or suspected carcinogens. .. Total

8. Medioal Servi6e.—omeeevrmeereceeemeee o
10. Rate of labor surnover_____.______ pereent annyally. .

P —— )
1. perations involving known or suspested eareinogent hesards— Duration of exposure
Operation Nuztber of emplogees Type 0f exposare Route of exposare for worker (years)
Mele Female
Tod |— o) St et | O vhtion | Stm | g | other Asersze | Longpst

8

b.

e

Pre- or perf-cancerons effets noted Canoers noted
Site Number Dates Site Number Dates

8

b.

cl




