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INTRODUCTION

Environmental cancers are malignant tumors which are usnally
cansed by prolonged exposure to exogenous agents of varicus types.
In a few instances, these environmental eancer-producing factors are
well-defined physical or chemical agents; in olhers they are variable
and undetermined mixtures of chemicals; while in a third group
tho cancerigenic exposure is represented by contacts or conditions
of a rather vague nature. The different environmental carcinogens
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. Exposurs
Lo these [actors is related to oceupational activities, niedicines, diets,
cosmetics, building material, habils, customs, climate, faina, contami-
nants of drinking waler, atinospheric air and foodstuffs, and proce-
dures of warfare. Since prevention of eancer depends fundamentally
on adequate information as to its eliology, the study of environmnental
cancers, which may bring vastly increased knowledge as Lo the causes
of all types of eancers, is one of the most important approaches to a
future contrel of cancer. ITnvironmental cancer surveys which are
directed at this gosl represeni, therefore, a basic step in the develop-
ment and institution of preventive cancer centrol measures,

A, THE NATURE OF THE PROBLEM

Investigation into the epidemiology, etiology, and contrel of en-
vironmential cancer depends 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 from those used in
epidemiologic investigations of infections diseases.

Tor example, some of the environmental carcinogens, snch as beta-
vaphthylamine and benzidine, scarcely over canse toxic manitesta-
tions. In most instances, the carcinogenic process elicited by these
aromatic amines in the bladder is symplomatically silent during a
Iatent, period that lasts from b Lo 25 years. Industrial health surveys
limited to the demonslration 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 ag benzol, ionizing radia-
tions (X-rays or rays from radioaclive substances), will produce
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sovere degenerntive and necrotizing reactions in the tissues as the
result of brief but intense exposure. This more striking effect can
obscure the fact that less severe but more prolonged exposme may
produce cancerous responses in the same type of tissne after » long
latent pericd. When these two different types of reaction are seen
in members of a surveyed cccupational group, their etiologic kinship
may not be apparent,

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

This outcome may well appear when the affected individual has
long since left the employment in which the effeclive exposure occurred.

One purpose of environmental cancer surveys is to collect data on
the ocenrrencs, incidenes, 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 produnetion, and
on the physiochemical states and properties of these agents. Only
through such information is it possible to establish the priunciples
upon whicli effective measures for the prevention and contrel of en-
vironmental cancers must be based.

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

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

1. Occupational Carcinogens

Occupational carcinogens, known or suspected, cover a wide range
of inanimate and animate agents. This spectrum, summarized in table
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1, includes a great variety of organic chemicals, both aromatic and
aliphatic, several inorganic chemiceals, various types of physieal radia-
tion, and the parasite, Sohistosoma hematobiwm, the only generally
recognized animate carcinogen, which attacks outdeor workers in
Egypt and other tropical countries, inducing a form of bladder cancer.

Table 1. Recognized and suspected occnpational carcinogens

1. Chemical careinogens:
(a) Orvganic chemicals;
(1) Avomatic chemtlcals: Betun-naphthylemine, benzidine, anlline
(7), benzol, tav, pilch, asphalt, soots {demestic, industrial,
and commaercial), siuale oil, cvide parafliin off, cride anthra-
cene oll, creosote, inbricating and fucl olis and greases, syn-
thatic estrogens (7).
(2) Alphatie chemicals: Isopropyl oll (?).
(b} Inovganic chemicais: Argenienis, chromates, niclel carbonyl (?),
ashosiog (7), berylium (7).

2, Pliysical earelnogens: Nonlontzlng radintion-ullen violel rays, lonlsing
radlatons-corpusenlar rudiations (alpha and bela rays) and electronle
radiations (gamma and X-vays).

3, Parasitic carcinogens: Sehistosoma hermatobiuvnn

It must be pointed ont that the varions environmontal carcinogeus
differ considerably in their polency not only from each other but also
among membevs of the same type. The earcinogenic potency of dif-
ferent types of tar varies greatly, gas-house and colke-oven tar being
the most polent. Similar variations seem to exist regarding tho
carcinogenicity of the various types of soot and the different kinds
of natural and proeessed petrolowmns, many of which are noncarcino-
genic. Beta-naphthylamine appears to be mnch moro carcinogenic
than benzidine.

The data on occurroncoe and incidenco of occupational cancers, as
they appear in published rveports, are very inadequate. Tho aclual
number of cancers which are ocenpational in origin is undoubtedly
mueh higler than is apparent froin the recorded observalions. Since
it 18 often difficult to establish thoe occupalional causation of ¢ancer ve-
sulting from sxposure io known eareinogens (often many years pre-
viously), and becauso ihe medical profession is to & eertain exlent
insufficiently awaro of the existence of occupafional caucers, even
cancers produced by recognized oecupational earcinogens ofton eseape
recognition as such. Furthermore, it seems highly probable that
many occupational carcinogens ave siill unknown, and, in view of the
fact that new industrial eomponnds ave being synthesized and manun-
{actured every year, the spectrum of indusirial carcinogens may boe
growing oven wider,



2. Nonoccupational Catcinogens

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

The known nonoccupational carcinogens are summarized in table 2.
They include many agents peculiar to certain cultural and geographic
groups 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. Asin fable 1, the fact is indicated that many of these car-
cinogens are not yet proved but are only suspecled on the basis of
limited evidence. Collection of additional ovidence in these fislds
may not only paint out hazardous habits or nsages, but may also
reveal hitherto unsuspected occupational carcinogens. Datla provided
by occupaiional cancer surveys are the only source of reliable informa-
tion on the minimnm eoffective exposure, maximnm and minimum
lengths of latent pariod as related to degres of exposure, and on other
important aspects of environmental carcinogenesis.

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

Afethod of exposure and carclnogen Potential sites of cancer
HABITS:
Smoking (tar) (?) or chewing of tobacco Lip, tongue, oral ecavity,
(khaini), larynx, lung.
Betel nut-lime-tobacco quid chewing.__..... Lip, tongue, oral cavity, cheek.
Chewing of tar, paraffin, eto. (1) ___..__.____ Oral cavity.
CUSTOMS:

Carrying of speeial beating devlees beneath Skin.
clothing near ahdominal skin (kairo,
kangri}, or sleeping on hot stoves (kang),
csusing burns and exposure to tar and soot.

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

HOBBIES AND HOME ACTIVITIES:

Gardening with_oxposure to solar rays, and Skin, Internal organs.
arsenieal and other chemical posticides
(goot, ate.),

Sailing, flshing, golfing and other forms of out- Skin,
door sports with exposure to solar radiation.

Home-engineering with contact 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 sonrces of nonoccupational environs
mental cancer—Continued

Method of exposure and carcinogen ' LPotential slles of cancer

HOBBIES AND HOME ACTIVITIES—Con,

Uso of ehlorinated aliphatie bydvocarbons in  Liver, intornal organs.
cleaning fluids with hepatotoxic proporties
modifying metabolism of endogenous and
exogenous eavcinogens (7).

MEDICINES AND MEDICAL DEVICES:
Arvsanieals_ _ o e Skin, internal organs,
Tar, impure vasclino and mineral oil.._..... Do.

Ilepatotoxic chemicnlz (ehlovinated aliphatic Tiver,
hydrocarbons, einchophen, ote.) (7).

Hematoloxie e¢hemieals (bonzol, sulfonamides Leukemia.
(?) aromatic organia ehomionls) (7).

Ultravialet radiation. __urrmmemnaacaaan Skin,
B L1 TP RO Skin, bone, leukomia (7).

Radiogotive chomicals (ionjzing radiatious).. Skin, bono, lung (?) leukemia
() liver (7).

DIGTARY FACTORS: '

Dictary jodine defleleney . oo ennee «=—  Thyreid.
Digtary protein and vitamin B complox Liver,
defisionoy.,
Diotary vitamin B eomplex doficienoy.... ... Laryngopharynux,
Arsenicel contamlnanis in food, drinking Skin, internal organs.
watar, air,

TMoated mineral oil as fat substitute in baked Internal organs,
goods (7).

COSMETIC FACTORS:

X-radiation for depilation. ... ... _. Blkin.

Ultraviclet lainp oxposure for tanning (?)...... Do,

Arsenicals in hair lotions and tonies (?)._._._ Do.

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

Impure vasecline and mineral oilg in oiniments, Dao.
erecams, ate,

Jistrogens in gkin creams (7) - ccvencncaaaas Breast,

Impure anjline dyos in lipgticks, ete., eontain- Bladder,
ing dye intermodiates (7).

OTITER ENVIRONMENTAL FACTORS:

Tar and soot in atmospherio alr (e o.oo.. Lung, skin (),
Dry and gunny climato with oxcessive solar Skin.
irradislion.
Parasitie infeetions (schlstosomniasis) . ... _ .. Bladder, liver, intestine,
Ionizing radiation in water and air In regions Lung, Dono, liematopoietic
with radiosetive ores (7). 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 into {requent an
contact with them. As the injurtons agents have made their ¢
ance with the growth of varions industries, eancers have de-
among expased workers. Perhaps one of the most striking e
of this pattern is the appearance of bladder cancers among dye
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 gue
time, i. e, of sufficient Jateut peried since the start of the op
Clearly such hazards constitute an indostrial problem den
intensive study and centrol efforts.

Sueh industrial carcinogens not only provide a serions hs
the exposed warkerg but may possibly also affeet the healtl
general population throngh various routes of contact. Carci
agents produced or 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 fnume «
disposal ares may thus come into effective contact with the
gens,  Contaminated clothing worn by workers in eaveinogeni
tions may also create a hazard when laundered without
precautions in the factory, home, or commereial laundry.
possible extension of industrial hazards to the general popu
the incorparation of carcinogens into goods for general cons
cither as essential parts or as eontaminants. Of eourse, t
or similar extrinsic carcinogens which appear as indusirial
may also be part of the general artificial or natural environm
independent of any indunstrial operations,

Information and conelnsions drawn from occupational ea
veys, therefore, will have applieations that are not restricts
industrial or cecupational field, but may have relevance to il
problem as a whole. Since environmenta) eancers represent
majority of those cancers whose etiology 18 known, observati.
in relation to these tumars have positive and immediate valy
study and possible future control of the many types of hum:
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 fruitful fields
for further investigation. 'The second approach, occupational history
stuclies of eancer deaths, involves tracking down possible occupational
factorsinthoetiology 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 organ or
organs develop cancerons responses, and other impartant aspects of
occupational carcinogenesis.

Tor the organization of an oceupational 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
(committees on cancer, industrial medicine, public relaticus), local
tumor registries, and, where necesspyy and desirable, the State asso-
ciation of clinical pathologists and public health nurses association,
Tho over-all 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 eancer is mainly o
biological phenomenon, it appears reasonable to place in charge of
the project, o physician experienced in cancer, industrial medicine,
or both.

1. Analysis of Death Certificates

Working on the premise thai certain cecupational activities or con-
tact with various eccupational or environmental agents result in an
abnormally high incidence of total cancer deaths, a8 well as in an
abnormal distribution of eancer as to sites, the effects of such {actors
on local cancer mortality might be demonstrated through e critical
analysis of data recorded in death certificates. Tf such environmental
carcinogenic influences are sufficiently pronounced and specific in a
cerlain area, and the worker population is relatively stable, it might
be profitable to plot the local distyibution of eancer deaths as to total
number and as to sites. Comparison of these data with data from
an area having a different environmental and, particularly, cecupa~
tional carcinogenic spectrum should rvevenl suggestive relations be-
Lween these factors and eancer incidence. By comparing the vela-
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tive frequeney of cancer cases for various sites in the region under
study against the nermally expected frequency, it may be possible to
locate regional foei of earcinogenie exposure—plants, industries or
occupations which deserve further investigation and in which pro-
tective and prevenlive measures ave nesded.

To establish such correlations, not. only the residence bui aleo 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 hozards., Sueh industries
may include tar, pitch, asphalt, and ecreosote producers and con-
sumers; organic chemical, dye, and pharmacentical manufacturers;
rubber producers and processors; paint manulacturers; distillers and
refiners of petrolenm products; smelters, refiners, and users of non-
ferrous metals such as copper, nickel, zine, silver, and chrominm ; pro-
ducers and users of radionctive substances; glass and pottery manu-
facturers; makers and users of metallic abrasives; textile makers and
dyers; and others, Appendix A provides o more exiensive, although
by no means complete, listing of occupations in which earcinogenic
inflnences may be suspected.

In additien to name, vesidence, age, sex, canse of death, and place
of death, informatien on individual cancer enges which may be ob-
tnined from death certificates will include occupation, industry o
business in which the deceased was employed. and social secnrity
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 necessary to code this infor-
mation and transfer it to punch eards. Whenever the nature of the
informatien makes this possible, item 11 (industry or business) should
be eoded in three ways:

(@) By oceupation, according to the Alphabetical Index for Oo.
cupations and Industries, 16th Census of the United States,
1940, Bureau of the Census,

(D) By specific occupational caroinogenic hazard, according o
the Occupational Hazard Code, appendix C.

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

Since information recorded in death cevtificates is known to be
often unreliable, and beeause death eertificates 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 this nature must be merely suggestive. Im
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, howevar, bic-
statistical studies of this type may yield valuablo clnes that can be
followed up by other types of epidemiologic investigations, ag, 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 factors,

The available evidence indicates that al Jeast somae of thae eancers
involving certain organs (skin, Inng, nasal sinuses, bladdar, bone,
bone marrow) ave caused by ocenpational or enviranmental eareino-
gens. Less conclusive evidenee, such as geographical, topograpliienl,
age, and sex distribution, iinplicates envivonmental and possibly ac-
cupational factors in the production of eancer in other organ systems
(gastrointestinal, nervous). By tracing back the onvironmental and
occupational histories, and, whore possible, discovering other exoge-
nous agents Lo which the caneer patient was exposed, it inay be possibla
to substantiate further theso findings, discover hitherte unknown
earcinogens, and determine the ineidence of various types of cancar
in different oceupations and industries.

In planning such a study, proper consideration must be given to
the faet that these tumors usually resulé from extended exposure and
appear only after long latent periods, tho latler vanging ordinarily
from B to 86 years. It is nceessary, therolore, Lo ascoriain the ocou-
pationn]l and nonoceupational exposures lor as long as possible a
period preceding death. Such information should include, in ad-
dition to the names and locations of the various employers, detailed
information as lo the type or types of operations in which the in-
dividual was employed, the physieal or chemical agents to which the
individual was exposed, and the length of employmeut in the varions
occupations, ‘Whenever possible, information on injuries and discases
sustained during the snrvey poriod should alse be collected, as these
may indicate specific precancerous or periecancerons veactions, (Sea
C-2.) Tho type of information required appears on the Oceupational
Caneer Record (appendix B) as itams 17 to 30.

Data on the employment history of the docensod may be ablainad
from a number of sources, including the last allending physicisn;
hospital records; employers and their insurauee carriors; institutions
such as homes for tho aged, sanitarimms, mental institutions, infir-
maxries, ote,, in which the deceased may have beon an inmate.

Aflor the places of employment havo thus been ascertained from
one or more of these sources, it is necessary to obtain detailed informa~
tion as to the type of work performed and the types of occupational
and nonoceupational agents with which the deceased came 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-
poesure should complete the information requived. From a critical
evaluation of the information collected for ecach case, it is usually
possible to nppraise whether or not one or several oceupational {actors
miglit have played an essential role in the production of a particular
cancer. (See C-3.)

Through this approach it is possible to aseerlain not only the
cxtent of Imown oecupational cancer hazards in a given area but to
uncover also new industrial earcinogenic agents and foci, The pres-
ence of the latter will be indicated by the predominanee 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 exposures. In ovder
to discover whether such hazards actnally exist in a particular plant,
their nature and mode of operation, and how they may be eontrolled,
it is necessary to know as accurately us possible the number of persons
who have been exposed and the mmnber 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 oblaining some basic information on the individ-
nal industrial establishments within the study arean. These data
should include plant location; duration of operation; type of medical
service; names of plant managey, plant physician, and insuranee car-
rier; number of employees ; raw materials used and goods produced;
and any evidence of snspected or established carcinogenic hazards
The Plant Survey Reeord form, given as appendix D, shows these
datn as items 1 to 11,

This preliminery survey need only be approxzimate 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, nedieal,
and insurance records.

Since several years of contact with the carcinogenic agent are usually
required for effestive exposnre and since the latent peviod is seldom
shorter than 5 years and sometimes more than 28 years, eancer reeords
of industrial operations should be obtained for as long a period as
possible, up to 30 years or more. Occupational cancer surveys ave
never spot surveys but always time surveys.

Howaver, the biological and epidemiologie behavior of oceupational
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cancers makes its advisablo Lo survey estahlishments that have been in
operation for as little ug 3 yeurs, Workers in such plants may have
alroudy developed precancerous and perieancerous lesions, especially
if the carcinogenic hazawds affect the skin, bladder, bone, or hema-
topoictic tissue. It is nalikely that within such a shorl peried, cancer
attributable Lo oceupational exposure will pecur in statistically signif-
icant numbers, bui the timely recognition of these nonmalignant le-
sions may Servo as i Warning signal and hasten the introduction aof
adequate preeautionary measures, forestalling the appearance of an
epidemic of ocenpational cancer at soma later date,

In surveys ol this type, the chiel effort should be expended on dis-
covering and analyzing personnel currently or formerly omployed in
operations wilth apprecinble vecognized or suspected carcinogenic
hazards. Thege persons are the actual test subjects which may
demonstrate the type and degree of hazard through significantly ele-
vated cancer incidence rates, Only when these studies demonsiratio
tho existenco of an occupational earcinogen is it advisable to extend
thoe investigation to groups of workers exposed Lo & lesser degroo so
as Lo determine the wider scope and ramifications of the hazard,

Information on the health and on other oceupational exposures of
these persons may he obtuined through the ocenpalional history
studies of ecancer deaths, ns described above; plant employment rec-
ords; plant medieal records; insurance companies; hospitals; physt-
cians} institutions; and socianl securily records,

T'o obtain relinble ineidence figures, the present health status ov
sause of denth should be determined whenever feasiblo for all workers
currently or formerly employed for an adequate period in operations
with carcinogeuic huzards,

Since ocenpational enncers have n Jateut period that is usually mors
than § years, if the plant has a fulvly rapid labor turn-over, it may
be found that no workors in apparently earcinogenic aperations are
suflering frow cancer or oven from precancerons lesions,  Indeed, the
medicnl records of the plant or ils insurer may show no occupational
cancer Lhronghoul (he entire period ol aporation. Ilowever, it may
be discovered, by following np former employces, that somo porsons
have developed occupational cancors possibly attributable to the
enrcinogenic ngent to which they were exposed from 2 to 30 ycars
carlier, Labor turn-cvor may, thorofore, totally obliterato any ovi-
donco of cuncerous roeactions in poersous exposed unless adequate
follow-up studies of former employces are made over a period of
sufliciont length, suy 18 Lo 80 years.

Consideralion must bo given, moreover, Lo the fact that employees
with occupuntional cancor or with therapentically eontrolled occupa-
tionnl eancer aro, in gonoral, not continned in operations with earcino-
gonic hinzards. In some estublishmonts, howover, this practice is not
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followed as it is beld that removal from the hazardous occupation
does not improve the ultimate proguosis, and by continuing the em-
ployee in the occnpation the absolute number of persons go exposed
15 held al a minimum, ‘This practice, on the other hand, tends to
inevense primnary cancer ineidence among exposed workers,

It is usually found that various employes groups ave oxposed 1n
widely differing degrees to any carcinogenic agent ov agonts that may
be present. Office workers, {or example, are not as & rule significantly
exposed to indnsirial carcinogens unless the administrative quarters
form an integral or closely related part of the production zone, thereby
cslablishing direct contact; or unless the disposal of carcinogenic
wasles, such a8 fumes, dust, vapors, gases, mist, represents an environ-
wental hazard in the office area. Not infrequently it is found that
only relatively small gronps of workers have effective conlacl with
carcinogens. In some industries, however, such as chromate opera-
ticns, practically all production workexs are exposed 10 carcinogenic
agenis Lo some degree,

The investigations shonld be extended not only to individnals regu-
largly employed in hazardous operations ov constantly in contaet with
carcinogenic agenls, hut also to those eutering the hazardons avea or
coming into coniact with carcinogens at irreguler intervals. Intor-
mitient, ivregular, or rhythmic exposures of varying intensity may be
sustained by such workers as watehmen, repairmen, packers, shippers,
truckers, supervisous, clerks, conlrol chemists, guards, and yardmen.
Consideration should also be given to workers charged with the dis-
posal of wastes and emptied conlainers of carcinogenic materials as
well as to those workers who may become exposed Lo an appreciable do-
gree through work in noncarcinogenie operations localed near the
hazardous one, and thereby possibly hecoming exposed to carcinogenic
guses, vapors, fumes, dusts, ele., originaling from the Istter.

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

Morcover, record should be made of any differences in the degree and
Lype of exposnre (skin contact, inhalation, ingestion) and the phyoico-
chemica] status of the agoents (dusl, fumes, mist, spray, vapor, gas) in
different parts of the snme operation and in different parts of the plant.
Special atlention should be paid to agcertaining the particle size of
dust, fumes, mist, ete., as this factor determines to a certain degree the
severity ol exposure to respiratory eancer hazards. Suoh distinctions
aro indicated for chemieal as woll as physical ecarcinogenic agents,
Differences in this factor affoct not only the incidence rate of occupa-

12



tional cancers among various groups of workers but may also be of
distinet influence in determining the site of resulting cancers.

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

(a) The investigator shounld be thoreughly familiar with the pro-
duction metheds and with the materials handled and manufactured in
the plant. e should be able to note any irregularities ox excoptions
from unsual procedures and readily detect areas in which carcinogenic
Lazards may exist.

(b) Studies shonld he made when the plant is in operation. Con-
ditions of exposure and observance of precautionary measures by
worlkers and management, can be properly studied only under working
conditions. Moreover, there is an opportunily to study thoe physical
appearance of workers and, with permission of the management, make
personal inquiries of foremen and workers in regard to suspoected
hazards,

(¢) Sinco visits of this sorl may be announced well beforchand,
there is an opportunity for cleaning np any operation. Such a pro-
codure may vesull, unintentionally, in the obliteration of important
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 effectiveness of exhaust ventilution should
be Lested.

(d) Any survey should include the yard and adjacent buildings,
packing and shipping facilities, and disposal of wastes and emptied
containers. Tinally, the study should be extended to {he neighbor-
hood of the plani, noling unusual offects on color and surfaces of
houses, vegelation and animals, and cendition of drinking water in
order to discover any possible effccts on the environment of earcing-
genic agents haudled or produced within the plant. Whoro evidencs
indicates the environmental spread of an occupational cancer hazard
{o persons living near the plant, the survey should be 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.

(¢) Conlact should always be made with {he plant physician and
information oblained as to the type of medical suparvision, the Lype
of medical fncililics available, and the employment and medical policy
observed in connection with workers who have developed preeancerous
or canceroud legions. -

(f) Through careful questioning the investigator should discover
any changes made in production, handling, and precautionary incas-
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ures employed during the period of plant operation, Such changes
raay have a favorable or adverse effect on the conditions of exposure,
The direction of this influence may sometimes be rather unexpeected.
For example, improved production methods and precautionary meas-
ures which may reduce the concentrution of carcinogenic dust in the
atmosphere muy also increase rather than dimimsh the degree of
exposure. In order to obtain better yields in production, the car-
cinogen niay have been more finely powdered, thereby causing a dust
which reaches the deeper regions of the bronclial tree. The con-
sequent intensification of the caicinogenic effect cnuses an increased
incidence and a shortened latent period of the resultant eancer 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 the ensuing cancers. (See C-1.)
Althongh it is not likely that a earcinogen present in mist form may
reach the nasal sinuses (unless these have become abnormally acces-
gible through operative procedures, such as are performed for the
relief of ehronic sinusitis), cancerous reactions of the sinus lining may
be anticipated if the earcinogen appears in the form of a vapor o
gas that can enter the sinuses and be trapped, condensed, and retained
in the cavity,

In investigating the effects of sueh changes in production methods,
the investigator must constantly bear in mind that, as a 1ule, effects
do net become evident until a lng period of at least 5 yeavs, correspond-
ing to the nsval Iatent period for the Lype of cancer, has elapsad,

Detailed information should be obtained 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
sucl measnres were introduced. The ( ype and extent of precautionary
measures taken; extent of medical supervision; and follow-up of
former workers and of workers shilted from hazardous to nonhazard-
ous operations, Special attention should be puid to the methods
employed in the disposal of careinogenic indusirial wastes, since in-
adequate mensures of waste disposal may lend Lo a perpetuation or
reintroduction ol cancer hazards into operations which may have
been made sufe rom the standpoint of production.

C. SPECIAL ASPECTS

The conduel of ceonpational eancer surveys presents a series of

speeial problems which must be taken into proper consideration (o
assure results that ave reliable, significant and valuable for the con-
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duct of cancer research and for the inlroduetion 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 agenls, as well as the route
ﬂ.nd nalure of the metabolism and exeration or tha site of their depost-
tton plays a definite role in determining the sile of (he ensning eancer,

Those observations are summarized in table 3, which indicates the
t¥ e of contact (direet and primary, depository, exerelory) for various
earcinogens and the sile of resultant cancar.

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, (50

] piteh, soot, processed miner-
Sledin_ . { al oils, greases, arsenicsls,
Depesitory contaot. ... Avsonioals,
\Ixeretory contaet. __._. . Arsenicals.

[ Divect, primary contacl__| Radioactive gasos nud dusts,
fumes, dusis, mists, vapors
of tar, piteh, processed
minoral  oils,  chromates,
nickel oarbouyl (1), arsenle,

ashesbos (¥), isopropyl oil (D).

Tang, laryny, nasal ||
sinuses.

| Excretory contael____ .

Radionctive gnses,

Bladder, ureter,
kidnoey.

Txoretory contaoct. ... ...

Aromatio amines, tar (D), o~
sonie (1),

Bone and lLone
IMEITTOW,

Depository contact, .. ..

Dirvecl primary coninot..

Tonizing radiptions (radionctive
snbstances), bonwol, boeryl-
Hum (7).

X-ratliation,

Pespite the fact that the tissnes of the alimentary and nervous sys-
toms are directly or indirectly exposed to a great nmaber of environ-
mental agenis—some, such as tar, pelrolonm. devivalives, arsenic and
benzol, having definite carcinogenic proportics—and althongh cancers
of the alimentary tract exhibil topographical foniures indicating the
ceusal aclion of exogenous careinogons, there exists no definite evidence
that specific exogenous and environmental factors ave involved in their
genesis. Since cancers of the alimentary system constitute almest
one-half of all eancers 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 environmentad eancor surveys will

BOOET7Bume i
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provide data indicating the cansaticn of at least some ol the enncers
affecting these twe organ systams, and thereby help open the way to
their ultimate control.

2. Environmental Cancer Pattern

In studying tho medical histeries or symploms of workers exposed
to occupational carcinogens, attention sheuld be given uot only to
cancers, but alse to procancorous lesions (prolilerative conditions
which are sometimes obscrved preceding and not infrequontly leading
to cancer), and pericancerous lesions (cenditions due to carcinogenic
cxposure, but ave umelated (o the carcinogonic procoss, yol sorving
a8 stigmata of previously suslained specific careinogenic 6xXposures).

Proper altention should be given to the imperiant facl thal exoge-
nous carcinogens net only elicii hyparplastic and benign neoplastic
cellular proliferations preceding, preparatory to, or simuliancously
with, cancerous reactions. Deponding on the quantitative and qualita-
tive conditions ef exposure, thase carcinogens may also cause degenera-
tive, necrotizing and, in fact, anti-cancerons effeets,  Such mnbivalent
respanses to axogenous careinogens appear in many forms and are noi,
infrequently present in individnals with environmenial precancorous
and caneerous lesions. In fact, whanover such an envirenmenial can-
cer paitern, including heth aplasiogenic and hyperplasiogenic mani-
festations, can be demonstrated in the samo individual or a group of
individnals exposed to Lhe same agont, it serves ag valnable cvidence
in suppert of an exogenous causalion of the cancorous responses ob-
served in the populatien group.

Among tho exegenous carcinegens which produce these mnbivalent,
effects are arsenicals, benzcl, lonizing radiations from radioaclive
chemicals and X-ray tubes, estrogens, urethune, and cerlain nitrogen
mustards. Their anti-cancerous action is uiilized in the thevapy of
malignant tumers, while their carcinogenic aetion hag resulled oc-
casionally in the preduction of cancers when they have been usoed mo-
dicinally in the treatinont of nonmalignant conditions.

These ambivaleni, precancerons and pericancerous ronctions to en-
vironmental carcinogens ave summarizoed in tablo 4, As may be noted,
they are found in the entire range of the carcinogonic gpectrum and
affect the skin, nasal passagos, bladder, bone marrow, lungs, and
breasts.

A characteristic envirenmental cancer pattorn may o prosented by
the changes in the bloed and hemalepoielic tissucs following exposure
to benzol er ienizing radiations. At one extromoe ol the scale, henvy
exposure is found to bring degonerative, necrotizing and atrophic
changes, such as aplastic anemia, lenkopenia, thrombocytopenia, mac-
rocytic anemis, and severe atrophy of the hemalopoiotic tissues. On
the opposite end of the reactive range there accur leucooytotic, liypor-
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leucocytotic and leukemoid reactions with the appearance of immature
leucocytes, polyglobulia, leukemia associated with metaplastic eryth-
ropoietic, myeloid and leukemic preliferations in internal organs,
and myeloid and leukemic hyperplasia of the bone maxrow.

Table 4. Precancerous and pericancerous rveactions 1o envivonmenial

carcinogens

Reactions

Etiologic Agents

SKIN
Alopeeias
Spotiby less of haire. oo

Arsenio, ionizing radiations
g{radio anotive substances,
~redintion),

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

areas,

Piteh, tar, asphalf, potroleum,
radioaetive substauces,
X-radiation, ultraviolet radin~
tlon, solar rays,

Fozema:
Dry seborrheie patches on skin___._.._._

Arsenic, asphalt, piteh, saot, tar,

Keratosis:

Flat, diserete, scaly area en skin with
raised pearly borders., Usually on
parts of skin exposed (o eareinogan, but
may oecur in unaexposed parts, particu-
Iarly about sweat glands, with arsenie.

H]&gerkeratesis:

ough, fissured keratotio plaques with
small, hard, wart-like horns usualiy on
handsand soles, May beaome nodular
and uleerate,

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

Anthracene, arsenio, asphalt,
creosote, crude mineral oll,
paraffin, piteh, soot, lar, radio-
active substanees, wliraviolel
radiatien, X-radiation.

Ulcaration:
Breakdewn of keratotie leslons. ... _.
Chrome holes oo oo

Arsenicals, .
Chromates, ochromic agid,

Leukoderma:
Pa%qches of subnormal melanin pigmonta-
ien,

Lsuko-melancdermas
Patelies showing inereased Eigmentatiou
and patches showing subnormai pl{;—
mentation of skin. o8t common in
arang of highaest pigmoniatien, and may
involve oral mucosa,

Melanodorma:
Patolics of inereased pigmentation___. ...

Anthracone, arsenic, asplhall,
croesota, erudag mineral oil,
paraflin, pitel, tar, nonioniz-
ing and ijonizing radiniions
g\radioacbivn subslanges,
X-1adiation, ullraviclol radia-
tion, selar radlalion).

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

enlarged pores, assoolated with louke-
melanederma,

Crude minaral oil, paaffiin oil,
lonizing radiallons (radloactive
substanoces, X-rays, uliraviolot
rays, solar rays).

17



Table 4. Precancerons and pevicancerons reactions to environmental
carcinogens—Continued

Reactiona Litiologie Agonts

NASAL PASSAGES
I’agillomaa and polyps: _ _
rowlhs in antinm, cthmold ecclls and | Tsopropyl oil, niekel carbonyl,
t}wbinntes. Nagal septom  perfora- chromatas, arsenicals,
tions,

BLADDER
Hemorrhage, submucosal :
Varying size, with telangiectasia, Loeated
inainly in’ trigone and about urotoral
orifices.

Benziding, beta-naphthylamine
and derivatives,

Papillomas:
olypous or villous, pedunculated ov
gessile, Often multipte about trigone
and nrstoral orificas,

EYES
Pagillomas: ,
edunentated. Develop mainly on lids, | Arsenic, asphall, ercosote, erudo
oceasionally on eyshall, mineral oil, piteh, tar, ionizing
radistions, uitraviolet rays.
BONE

Chronie poriostitia: .. O .
Thickaning of periosteal tissae, necrosla | Ionizing radiations (Xrays, radio-
of hone, aotive snhstanees).

BONE MARROW IYPOPLASIA
Blood dyscrasias:
Ilyporplasia nnd metaplasia, aplastic | Benzol and devivatives, jonizing

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

LUNGS

Pneumoconloses and Pnenmoniu:

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

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

BREAST
Painful, swollen breasts: Tatrogonio chomicals.
Glandular hyperplasia,

Intermediato degrees of exposure, whether continuons or intermit-
tent, will produce mixed reactions. Tn general it will be found that
increasing exposure will vesult in inereasing effocts of both the hypor-
plastic and atrophic types up to o certain point, From that point,
tho increasing severity of exposure will cause n proponderantly aplastio
effect, overwhelming any hyperplastic reactions and leading, as ox-
posure incrensos, to death of the organism by destruction of tissues.
Thus, a primavily hyperplastic phase may be followed by an aplastic
phase, or vice versn, depending upon the degree and rhythm ot
gxposure.
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tract, ete.), among persons living in varions parts of the survey aroa.
Different types of exposure to the same carcinogen, ns well as contact
with diffcrent carcinogens, have & direct influcnco on the incidence
roles and localizations of cancer within one particular organ system.

Tor o conclusive demonstration of the occupational or environ-
mental nature of eancers suspected on the basis of statistieal and
epidemiologic evidence, 1t js nsnally necessary to reproduce identical
eancers in oxperimental animals by means of the suspected agent.
In fact, it is held by many investigators that the actual cause of a
partionlar occupational eancer is net proven nuniil oxpertmental re-
production has been achieved. Conversely, it is not inlreguently be-
lieved that the demonstration of careinogenic responses Lo an exoge-
nous agent in animals is evidence that this agent may exert a similar
action in man. 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 potential carcinogenie prop-
orties they may possess for man. Fowever, oxisting facts indicate
that neither a succossful reproduction of cancer in animals nor the
bioassay of chemicals for potential carcinogonicity in man fulfill
ontirvely the reqnivements that must be placed on such tests.

For instance, under propor conditions of exposure heta-naphthyl-
amine and benzidine elicii bladder cancer in man. Such tumors are
produced in 100 percent of the individnals after sufficiently intense
and prolonged eontact with theso chemicals. Ago, sox, and heredily
do not seem to have any appreeiable influence in this rospect, The
experimental reproduction of these bladder cancors was suceessfully
achisved by feeding muale or female dogs beta-naphthylunine. There
is controversy as to whether or not vabbilg react similarly to the
administration of hota-naphtliylamine; it is established that rats and
mice do not respond with the development of bladdor cancer when
given this chemical by various roules, although they readily show
this response upon the introduetion of ralated arvomatic amines
(2-acotylaminofluorene) and aromatic azo-compounds (0-rmino-
azotoluene, o-toluidine). On the other hand, dogs fod benzidine in
high and at times toxic doses for & poried of more than § years did
not dovelop binddor tumozs ; rats receiving the snme {rontment respond
with the production of cancers of the eustachian tube, hepaiocer-
cinomas, and leukemia. The two avomatic amines found ilo beo
carcinogenic L0 man eauso species specific cancorous responses which
in the rat are complicated by a shifl of the carcinogenie shock organ
(i. 8, the bladder, in man) to several ather tissues (1. e., liver, bono
marrow and, probably, eustachian tube).

The chemical analysis of the urinary metabolites of the lwo aro-
matie amines whon given to different species suggesls that variations
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in their metabolism charncteristic 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 the urine the base itself, its N-acetyl derivative,
its N-acelyl-6-hydroxy-derivative and an unidentified dibydroxyami-
nonaphthalene. After the administration of benzidine rabbits excrele
the free hase and a hydroxy-derivative, white rats eliminate a hydrox-
ylated compound and an acylate derivative, Workers exposed to
chemicals containing benzidine excrete iydroxy- derivatives, while acyl
derivatives and free benzidine have not yet been demongtrated in man,

Various avomatic azo compounds preduce cancer of the liver in rats
bup 1ot in Tabbits. Observations snggest that this gpecies specificity
is not entirely of a constitutional nature, but depends in part on exoge-
nous dietary influences which, throngh impairment of the normal liver
function, cause an abnormal metabolism of the carcinogenic azo-
compounds. While a coustitutional factor which causes o rapid
oxcretion of butler yellow may account for the resistance of rabbits
and guinen pigs to the carcinogenic action of butter yellow, the
exogenons dietary factor that is esgential for the carcinogenic action
of the chemical in the rat iz the ribeflavin deficient diet, withont
which liver cancer does not develop. Recent experiments showed that
rats kept on an adequate diet and given 2,3 nzotoluene 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 example 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 monlkoys have failed.

Tt is not unlikely that species specific factors may he responsible
for tho equivocal results obtained in experiments aimed at a yeprodue-
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 an important role in preventing the
carcinogenic action of arsenic to become manifest in animals, It may
J»e possible that the generalized hair growth in experimental animals
creates a highor excretory potential of arsenic and theveby lowers 18
carcinogenic action. However, the strikingly spotty appearance of
drsenic cancer in man points to the action of other mechanisms, proo-
ably of abnormal nature, thet must be present before argenic can
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produco cancerous responses oven in man. It is reranrkable in this

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

Another example of the great imporlence of species specilicily is
presented by the continued conlrovorsy as {o the u:t%'(:1110g011101ty of
estrogenic substances in man.  While thero can Lo Hitlo doubt that
ostrogens are essentially involved in the development. OF mammary
cancer of certain inbred strains of mice of both sexes, 1t is still ques-
tionable whether estrogens participate in the prod uc[im ofsuch Lumaors
in man. There is little likelihood that a defimite dociston of this con-
troversy will be obtained from observations made on Wome, How-
ever, reeent obgervations made in males with intensive al prolonged
medicinal or ocenpational contact with synthelic estrogens may soon
provido the fina] answer Lo this question. Unilaleral ov biluteral mam-
mary cancer has been feund in several males who recoived large
amonnts of stilbestrol for tho control of cancor of tho prostate. Sinco
normally less than 2 percent of all breast enrcinomas oceur in males, tho
continued therapentic use of cstrogens in the trentment of prostatic
cancer may supply conelusive evidenco as Lo the carcinogenicity of
estrogens in man. The occunrronce of hyperplnsin of the breast in
pharmaceutical workers in England and tho United Slales ongagod
in the manufacture of synthotic estrogens may provide confirmatery
cvidence in this vespect, il and when mammary eancors dovolop in
male workers of this occupational group.

Bricf mention may be made in this covnection of two additional
chemicals with potential or controversinl careinogenicity Lo man and
definito or equivoeal carcinogencity to animals, Scatlered cecupational
observations indict benzol us a leukomiogenie agoul in man, How-
ever, tho exporimental observations made so far entively on mico are
contradictory. Borylium has been shown (o clieil osteogenio sarcomas
in rabbits only by moans of intravenous injections, It is an opon ques-
tion whethor this observalion indicates that, thig substaueo may exert
s similay effect in workers exposed to il by o differont routo,

Speeios specific differences exisl also in Lho fiekl of pliysieal carcino-
gens and produce uncertaintios and problems thoro identical with
those encountered in connection with primary chemicul earcinogons,
Epidemiologic ovidence strongly indicales that an excessive exposuro
to solar rays may resull in cancer of (he oxposad skin nmoeng indi-
vidunls espeeially predisposed by their light complexion, Observa-
tions made ou mice and rats subjecled Lo intensive Lreatment with
ultraviclet rays seem to confirm this enusal relation belween exposuro
to solar actinic energy and cancer developmont, ITowovor, nll attompts
to produce experimentally ultraviolol euncor of the skin in gninon
pigs and rabbits have failed, Thus, observatlions on two specios scem
to negate any relationship of solar irradistion and eancor. Such a
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conclusion, however, is a [allacious one as far as man, mice and rats
arc coneerned. The inability of ultravialet rays to elicit skin eancers
in guinea pigs and rabbits rather may be due to species speeific differ-
enees in the photocheniical reactions and reaetion produets produced
in these species. These species specifiec differenees in the response to
ultraviolet rays, by the way, do not support the widely held coneept
that actinic energy elecits caucerous responses by eausing primary
direct eellular mutations, The available evidence favars the idea
that physical earcinogenic agents also produce cancer through the
mechanism of chemieal deviations, of so far undetermined eharacter.

Lvuluating the evidence on the speeies speeificity of physical and
cliemical earcinogens and its relation {o occupational carcinogenesis
tha following conelusions may be reached ;

L, Failnre to reproduee cancers of certain sites in experimental
aunimals, using agents which seemingly produce such cancers in man,
does not disprove the carcinogenicity of the paviienlar agents for
man.

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

3. In the experimental study of earcinogens which affect humans
the selection of a suitable 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 mny
influence deeisively the ouleome of the experiment. Civen g snitablo
i.est speeies, applied experimmental oecupational cancer research must
aim to duplieate or at Jeast elosely approach in its experimental con-
ditions the circumsiances of exposure that are believed to lead to the
developmaont of cancer in man. Experimental evidonce obtained in
ithis way is most nseful in its divect practical applieation to the
existing oecupational problom,

For instance, when designing the experimental conditions by which
an occupational hazard enlailing the inhelation of g careinogen is lo
ba studied, il is essentinl to ascertain first the physical stalus 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, Ii is
cspeeially important to ascortmin the smallest particle size present,
and ils proportion in the dispersed matter. Industyiinl hygienisls
are now paying marked aitention to the determination of the particle
size, since this facior is of uimost importance in determining the
depth to which the inhaled particles penelrate ihe rospivatory
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tract, and thus in controlling the site and degres of exposure
to the inhaled agent. Not infrequently the samne agent nnder-
goes several changes in its physical state when passing through
various plant processes. For instance, chromite ores rench the fac-
tory coarsely grounl. The particles in this stato may pass a sieve
of 6 to 10 mesh, After the ore has been ground in steel ball mills
to a fine powder the particle size is reduced so the ehiromite ore passes
through a sieve of 100 mesh and half of it through a 250 mesh.
When this powdored material is processed in the plant and dnst is
produced, it 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, il is necessary
not only to selecl & dust of proper particle size but alse an animal
with respiratory passages that permit the penetration of the dust
chosen into the bronchial tree. In view of the narrow respiratory
passages of small animals such as mice, it is not likely that these
species ofler favorable anatomical conditions for administering effec-
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 defermining the dose of carcinogen to be adininistered, it is
not unnsual that data used have beon collected and recorded by in-
dustrial engineers and represent eoncentrations o[ 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 the operation and
especially at times of aceidents, during maintenance worlk or during
repairs. It is for these reasons that special ocenpational groups em-
ployed within a carcinogenic operation often exhibit a particularly
high incidence of occupational cancer as they are exposed inter-
mittently to highly increased concentrations of the carcinogenic agent.
In the experimental approaches to occupational cancer such obgerva-
tions deserve adeqnate considerations, as the use of insufficient doses
calculated from averaged concentration figures may produce mislead-
ing negalive results. Data on the coneentration of radiocactivity in
the Schneebarg mines, for instance, indicate that there are not only
appreciable variations in the degree of averago radiosctivity in the
different mine shafts, but that the contents of radioactive gases within
the same mine vary considerably in different parts and at different
times, thereby causing an exposure to {he miners that, ag far as car-
cinogenic concentrations are concerned, should be measured morve in
peak values than in averaged values. Thevefors, the proper appli-
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calion 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 reliable 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 experi-
mental reproductions of occupational cancers have beon done with
doses appreciably exceeding those enconniered under working con-
ditions in industry, it does not scem vise to attach Loo much sig-
nificance Lo negative experimental resnlts when low doscs were used.

4. Age Factors in Occupational Cancer

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

Sinee oceupational exposnre 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 il is ad-
visable to restvict the evaluation of data in n study of oceupational
cancer to persons of the age group above 25 years. Although female
workers often leave industrial occupations at an carly age, the ex-
tensive employment of female workers in certain imdustries and pro-
fessions with potential cancer hazards warrants their inclusion in such
surveys. These industries include rubber goods manufacture, lumi-
nous dial painting, spinning and weaving, X-ray and laboratory work.

Many environmental earcinogenic faclors, on the other hand, aet
on the human organism at a much earlier age than the occupational
carcinogens. For instance, cpidemiological stucies on the inecidence
of penile cancer in cireumeised and noncireumeised population groups
indicale thet the first 10 yenrs of lifs are of definite importancs in
delernining the oceurronce and age of appearance of penile cancer,
Lt is conceivable that even prenatal maternal influcuces, exerted on the
fetns by exogenons factors peuetrating the placental barrier may be
-active in eliciling cancer in the young, Thus, there ave no definite
ege rango limitations in genaral cancer surveys.

Detailed presentations of the problem of envirommental and oc-
cupational eancers and related disorders are available in the lolowing
publications by W. C. Hueper:

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

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

These may be useful for the intorpretation of the results obtained in
anvironmental and occupational CANCOY SULVeEYS.
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APPENDIX A

Occupational aud Nonoccupational Groups Suggested for Survey

1. Bxposure to benzol nnd its derivatives, naphtbol, aromatic amiues, toluol,
xylol (wIlh passible velatlon to leukemin, lymphosarconin, and myetoma),

Alrplane-dofie worlkers, Mordanlers.

Anrplnne hangar employees. Nitrobenzol malkers.

Atcohol {(denntured)} workets, Nlitrocellulose workers,
Alitllne workers, 0Otl oxtraciors,

Avt-glass workers, Palnt remover mannfacturers.
Asbestos-praoducts impragnators. Painters,

Battery (dry) mokers, Paruffin makers,

Benuty purior operators. Pencil makers,

Belt scanvers. Perfue mukers,

Benzol purilters, L’etrolenin disllllery and refinery
Benzol workers. workers,

Brake lining makers. ["lrarmaceutical worlkerg,
Brouzers, Phenol mnkers,

Burnishers. Iholoengravers,

Cnu (vuliber gasket) manufacturers. Photographlc ehicinleal makers.
Can {rubber gasket) sealers. Pierle ackd mnkers.

{Carbolie aeld makers, Plustic {extile makers,
Chewlsts. I'olish makers,

Chiorodiphenyl malkers, Dolighers.

Cluteb-disk Impregnators, Pottery decorntors.

Coal tar still eleaners, *riuters.

Coal tar workers, Pulty makers.

Cobblers, Lyroxylin plastie workers.
Color makers, Rotogravure workers,

Coke oven tar workers, Ltubber huflers.

Compositors, Rubber cemeniers,

Degrensers, Rubber cement mixers,
Disinfectant maikers. Rubher componnderg,

Dry cleaners, Ruliher dippers,

Dye mukers, Rubher driervs.

Dyers. Ruhberized asbeslos board malers,
Rlectroplaters, Rubbher mixers,

Tlcetroplate casl scrnbbers. Ruhber pressroom workers,
Bnamelars, Rubber reclnimers,

Enawmel malkers, Rubber tive bnilders,
Fngravers, Rubibor Lreaders.

Hxplosive makers. Rubler workers,

Feather workera, Shade cloth workers,
Fertillzer makers. Shellnekers,

Mavoring extract makers. Shellac makers,

Galvantzers, Shoc finlshers,

Gas honse workers, Shoe fuctory workers,
Gasoline blenders, Shoe-heet (wood) coverers.
Gllders. Smokeless powder makers.
Glwre makers. Soap makers,

Ink makers, Tay digtillery workers,
Lacquerers, Tar, piteh, oll, ete, lank cleaners.
Laequer malers., ‘Paxtile fullers,

Leather mnkersg {(artificlal and patent), | Tobacco seedling lLreaters.
Linoleum warkers. Trinlirotolnol malkers,
Lithographers, Type cleanary,

Metnl washers. Varnishers,

Milllnery workers, Varnish malkers,

Mirror sllverers. Varnish remover manufacturers.
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War gas makers,

Waterproof fabrle makers,
Wax makers,

Welders,
Wire insulators.
Window shade walers,

2, Exposurs to aromatie amlnes, anlllne dyes and relnted arematic chemlealg
(with possible relation to cancers of the bladder, nreter and kidney),

{¢) Occupntional exposure:

Agrieultural Inborers.

Blue print makers,

Candle makers,

Candy (colored) makers.

Cosimetle mannfactures (colored
lipstick, powder, cream, eye-
brow pencll, skin tan lotions).

Citrus £ruit dyers.

Dyc handlers, packers, mixers.

Dye makers (anlline, naphthyl-
amine, henzidlne, xylidine,
toluldine, cte, ).

T'ur dyers and workers,

Gnrdeners (aromatle pesticides),

Ink mnkers,

Leather dyers aud warkers.

Lithographers,

Margarine (eolored) makers,

Marmalade and jelly (colored)
makers.

Ore fotatlon workers (beta-
naphthylamine, cresylle aeid,
ete),

Painters,

Paint makers,

Paper dyers nnd manufacturers,

Pharmaceuntien! workers,

Photographers.

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

(e) Ocenpntlonnl exposnre—Continued
Photograplhifc chemieal workers,

Priniers.

Rubber workere (antoxidants:
heta-nuphthyiamine, phenyl-
betn-umphihylamine, bntyi-

beta-naphthylamine, ete),

Shoe manufacturers.

Soft drink (coloved) manuface
furers.

Textile dyers,

Textile printers,

Wax peneil mukers,

(1) Nonoceupatipnnl exposure:
Cansumers of colored foodstufly,
Users of eolored cosmetics,
Users of dyed textiles and lenih-

ergaods that hleed excoss dye
when coming in contact with
gwent and sebun.

Users (frequent) of medieal prep-
arations conlnining aromntle
oming groups: antihistamines-
allergles, hayfever, ete.; nnal-
gesles-hendnche, newalgin,
dysmenorrliea, navthritls, mni-
grainc; medielnes  (liqulds,
fablets, capswles, olntmenls)
colored with aniline dyes.

carbon blacks, pavafiln,

anthracene (wlih possible reletion to cancers of the gleln, lung, bladder, and

lenkemlia),

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

Anthrneese manufneturers,
Battery (dry) worlkers,

Brick Iayers,

Brickynvd workers.

Briguet makers,

TI3rush makers,

Cable makers and layers,
Cavbon black makers nnd usera.
Chimney sweepers.

Coal earbonlzntlon workers,
Conl-tar atlil eleaners,

Coal-tar workers,

Coke-oven workers.
Cordage-faetory workevs,
Corkstone makers and carpenters.
Coltoa spinners,

Creosoting plant workeys,
Diesel engine attendants,
Rlectrical eqnipment manufacturers,
Hlectrode makers,

Iingineers,

Touadry workors,

Mahernien,

Flue eleaners,

Tuel oll suppllers, Lrnek drivers,
Turnsce workery,

Oas house workers,

Gus {lllnminating) workoers,
(enerator stokers,

Orease monkeys,

Orease plt workers,

Ink makers.

Insnlntors.

Lamp black inakers and users.
Machinlsts,

Meehanleg.

Metal workers,

Ollers,

Ol reflnery workers,

O11 well workersa,

Ontieal lons priuders,

Ore flatatlon plant workers,
Palnt sprayers.

Parnflin distitlory workers.
Parafin plant workers,
Pavers,

Pharmaceutical workers,
Pltch workers,

Plastie cement workers.
Printers.

Road repaivers,
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Roofers,

Roollng-paper worlers.
Rope makers,

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

Shale oll workers,
Stokers,

Tank cleanors.

Tar painters,

Tar paint munufacturers.
Tar workers.

Texllle workers.
Wuternroofers,

water proof paper makers,
Wood plcklers,

Wood preservers.

4, Bxposure to chromium and chromium compounds (chromium metal dust,
chvomates, chromtum pigments, chromle acld, chromimn carbonyl) {with pos-
sible relation to cancer of the lung and nasal sinuses),

(a) OQccupatlonal exposure:
Abrasive makers.
Abrasive workers and polighers,
Asphalt vefinery workers.
Battery (dry) makers,
Bleachers,
Blueprint malkers,
Candle (colored) makers.
Coal tar workers,
Chromate, chromtwin plgmients,

chivomle acid 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,

Rlectrolytical chrominm
mannfasturers,

Tnamelers.

Fmamel makers.

Bxplosive manutfacturers.

TMurniture polishers,

Glass and pottery frosters,

Ink wakers,

Linoleum worlkers,

Lithographers,

metal

{(a) Occupational exposure—Continued
Mateh-faciory workers,
Movrdanters
Palnt manufacturers,
Painters.

Paper dyera.

Paper makers,

Paper money makers,

Paper waterproofers,

Photoengravers,

Phatographle workers.

Photogravure wotkers,

Potlety glaze makerg,

Potliery malers,

Pringera,

Refraclory Dbrick malkers
MASONK,

Rubber vuleanizers,

Soap makers,

Siainless steel workers,

Tannery workers.

TPextile dyers,

Textile printers,

Textile wailerproofers.

Wax-ornament workevs,

Welders,

Wood stainers,

() Nonoceupational expostire:
Persons llving or working in fume

and dust zone of chiromate
plants,

and

5. Bxposure to nlekel and nickel compounds (nickel melal dust, nlekel carbonyl
vapors, niekel oxide, nickel sulflde, niekel alloys) (with possible relation to

cancer of ihe lung and nasal sinnses).

Abrastve manufacturers.

Ceramic ginzers.

Ohemical workers in opernifons
using nickel eatnlysis.

Coln makers,

Mleetroplaters,

Knamelers,

Euamel malkers.

German silver mannfacttirers,

Geriman silver sinlihs,

Hydrogen manufnefurers,

Monal metal makers,

Nickel alloy makers (coppev, sil-,
ver, aluminnm),
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Nickel-chrome alloy inanufae-
furors,
Nlckel-chrome wire manufae-
Lurers,

Niekel extraciors.

Nicke! ore miners.

Nickel ore smelter and refluery
workers.

Nlickel polighers,

Nickol-steel workers,

0N refinery workers,

Btorage battery manufacturers,

Tale manulacturers.



6. Ixposure to arsenie and arsenieals (arsenie meotal, arsenious axide, caleinm
argenate, sodivm ersenate, lend arsenate, cupric acetoarsenite, Parls green,
Loudon parple, Schecle's green, Schweinfurt green, Waolman salts, realgar,
orplment, Fowler's golutlon, Donovan's lls, arsphienamine, cacodylates,
Lewisite, Aslatle pllls, ete.) (with possible relation to eancer of skin, lung,
bisdder, liver),

{e) Oecupational exposure: (a¢; Occupational exposure—Continued
Arsenie roasters, Pelt and hair 1sctory wovkers.
Artifleial flower makers, Penell makers (colored),

Book binders, Plharmaceuiieal workers.
Bronze workers, Photographovy
Cannery workerg peeling frult Polson balt makers.

treated with Insecticides, Pottery deeorators,
Citrug frnit oveliard workers, Polgery plant glase dippers and
Cotton plantatien workers. mixers,
Cnt-glass workers, Iyriies burners,
Dyers. Roulogravure workets.
Dyestuff maliers. Rubber compouanders.
Dlectroplaters, Rubler mordant mixers,
Enamelers, Rubber pressors.
Farniers. Rubber tire workers.
Telt hat carroters. Sealing wax makers,
Ferro-silicon workers, Seamstresses  handling  fabrie
Iur handlers and preparers. dyed oy treated with arsenfeals.
Galvanizers, Sticep dip manufaeiurers,
Gardeners, Smoliers of arsenle, copper, zine,
(ilngg mixers, gilver, lead ores.
Glags workers, Sulfur burpers,
Glue mannfaciurers. Swulfurde acld workers.
Qold refiners, Tannery workers (earviers).
Ink manufactnrers, Taxldermists.
Inseetlelde manufacturers, "Pextlle printers.
Insceticide sprayers and dusters, Tinners,
Japan malkers. Velvet makers,
Jewelers, Vinery worlkers.
Lead factory workers, Vineyard workers,
Leaqd shot makers, War gas manufactorers,
Linoleum colovr workers, Wax ornament warkers.
Lithographers. Weavers uslng yarn dyed with
Miners of arsenlke, copper, zine, nge of arsenieals,

silver, lead oves. Weed killer mannfneturery,
0il eloth manufneturers, Wire drawers,
Oil reflnery workers, Wood preserve makers.
Paper (eolored) makers, v s
Paper glazers, Yood preservors.
Pnper hnngers. Zine mivers,
Paper priniers, Zlne smelter chavgors,

i
(b) Noncecnpatioual exposure:

Users of arsenic containing drelnklng water, cspeelnlly near arsenle ore
snielters and mines, of foodstuffs and Nquor esntaminated with arseni-
enls,

Users of arsenic containing medieines (arspbenamines, eacodylales, Fow-
ler's solution, Aglatie pllls, Donovan’s golution, arsenious oxide in
tonies, nntlseptics, antlpsorlasis or caunstic olntments, antispasmodies),
cosmetles (haiv lollong},

TPergong expoged to inhalation of arsenleal dust spread from arsenic ore
smellers or by dusting arsenleals from alrplanes,

7. Wxposure to ashestos (sillcates containlng caleinm, magnestum, iron, nickel
and copper) (wvith possible relatlon to cancer of the lung).

Artificial-wood manufaeturers, Asbesios-Insulation workers.

Asbestos constructlon-materlal workers | Asbestos-mill workers (crushers, fiber-
(mlll-board, wallboard, shingle, tllg, lzers, molders, enrders),
movtar, ellnker), Asbestos minaors,
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Asbestos gpluners,

Ashestos-textile workers (eloth, blan-
ket, cnrtnin, sheets, ropes, cords,
twine, thread}.

Ashestos wenvers,

Brake-lining mamfacturers,

Broke-lining workers,

Cruipenters,

Dyc workers (aeid and flreproof).

Tlectrie-wire manutaeturers,
milter-materinl manufacturers,
Gasket makers.

Insulatlon workers (pipes, botlers).
Pinmbers,

Pump-packing meehanies.

Roofers.

Rupber produclion workers,

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

to caneer of the skin},

Agrlcuttural inborers.
Boatmen,

Cnttiemen,
Construction workers.
Cowboys.

Drivers.

T'nrmers,

Mghermen,
Ctardeners,

Herdeis,

Ilouse pninters,
Tauniberimen,

Miners worklng in surfrge mines,
Nurserymen.

Oufieid workers,

011 operators,

Phnrmiceutical manufaciurers of vita-
mu D.

Railrond eunglineers,

Rallroad workers,

IRanchers.

Rofd workers.

Rural mail carriers,

Sailors,

Sportsmen,

Stockmen,

Sunbathers.

Vine growers,

Weiders.

9. Ixposure to raentgen-rays and radioactive ehemicnls (wlth possible relation
to cancer of ihe skin, lung, bone, lver, and lenkem!a),

(a) Occupational exposure;
Atomie energy plant workers.
Biologlsts,
Chemlsts
Gas mantle manfacturerd,

Latoratory technicians and attendants,
Lwminous dial pinters, handlers and shippers, metnl serap handlers.

Nurses.

Pharmaceutienl workevs using radioaciive lsotopes and making radlo-

actlve tracer substances.
Physielsts,

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

Radiotogle technicians.
Radioiogists,

Radinm inboratory workers.
Radlum refinory workers,

Research workers handling radioactive isotopes and tracer substances.

Roentgen and radinm technieians.

Roentgen meeciinnies,
Roenigeo-tulie manufncfnrers,

Raentrenologlsts (inodical, eieeiric industry, aviation,

metnllnvgie, cheml-

cal, textiie, art and jewelry, shoe sales, beanty pavlors, regearch).
Shoe snlesmicn In stores nsing fluoroscapes Tor fitting,

Uraninm dye mhkers.
Uranium giags makers,
Dranium ginze makers (tile).

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

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

Customers of shoe stores nsing fluoroscopes.
Patlents consuming radionctive water for medictnal purposes over long

periads.

Palients recelving Invge doses of lonizing radiation for medicliaal purposes,
People living in regions with radioactive ores and drinking or baihing i
water of radloaetive springs, or residing tn the waste disposal area of

radiogetive operations.
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APPENDIX B
Occupational Cancer Record

1. Name 9. Place of Death: City
Hospital
3. Residence: State City Street
4. Social Seeurity No. 5. Sex 6. Color or Race
7. Date of Birth 8. Age: Years Mos. Days 9. Date of Death
10. Occupation 11. Industry or Business
12. Cause of Death 13. Method of Diagnosis:
Clinical ( ) Biopsy { ) Autopsy ( ) Other ()
14. Name of Physician 15, Street ‘ 16. City
17. Clinical Diagnosis 18. Pathologic Diagrosis: 19. Primsary Site
Micrescopie ( ) Gross ()

20. Date of First Symptoms 21. Date of First Visit to Physi-
cian

22. Date of Firgt Diagnosis 23. Stage of Diesase at TFirst
Diagnosis

24, History of Other Illnesses of Site Affected 25. History of Injury to Site Affected




Te

26. Occupational History: List accupations in chronological order beginning with last or present one

Dates -
Name of Plant Location of Plant Typo of Business or Produet Maode Title of Yob Type of Work Perlormed

From To

27. Exposure: (Investigator will name carcinogenic substances to which employee has heen exposed.)

Duration of Exposure Deserrbe Typo of Exposnre and
Name of Sabstance Name of Plant Dazato of Last Exposurs Estunate Pereent of (\i orking Time

Years Montbs Expose

28. Name :usfzy other important materiels to which employee has been exposed. (Hobbies; Habits; Medicines; Cosmetics; Diets ; Environ-
ment.

29, Adlgﬁtional Information Obtainable at: Physician; Laboratory; Hospital; Insurance Co.; Plant Medical Department; Clinic; Tumor
legistry, ete. :

Name Address

80. Any other information pertaining to tumor (Multiplicity, Sites, ete.)

T T e e e e e T e E S E e - ————— e T A A e A e e e e, rr— e ————— -

Date Investigator
Notz: More blocks shonld be added under Neos. 28, 27 ard 2¢ on actual record form.



3, Polsons—Countinued

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

Root (1amp blaek, carbon blaek, gas black, ete.).
Splundie oll.

Sterols,

Sulphur chloride,

Suiphur dlox!de,

Sulphuretted hydrogen (hydrogen snlphide),
Sulphurie acld.

Tayr and prteh | artificial ayphalt ; bitumen-lHgnite,
Teilurlum componuds,

Telvachlorethane (ncetylene tetrachloride).
Tetrachlorethylene {(perchlorethylene).
Tetraethyl lead,

Thailinm.

Tin.

Titanium oxide.

Trichlorethylene.

Tmorthocresyl phosphate.

Turpentine,

Uraniumi.

Vanadium,

Vinyl ehlorlde.

Zlne; beass, metal fume fever,

Styrene,

K. Tranma (not covered In any of the above) :

Chenifeal:
800 Chemiecnl, acule,
801 Chemieal, chronie.
Physical:
302 Mechanicnl, acute,
303 DMlechanieal, chronic,

*304 Thermle, aeute (burnd.
*308 Thermle, ehronle.
Searg, flatulas:

*308 Sears, fistuing, ete,

1% there are present more than three hazards, cach of which 1s from a different
major hazard group, code in preference as follows: G, 1, I, I, K, B, II, G, A, D,

+Carelnogenielty recoguized or suspected,
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APPENDIX D

Plant Survey Record DR oo
L Company _ 11. Number of employees:
2. Loeation o e
3. Plant memager____________________________ Produection Office Total
4. Plantphysician____________________ Maleﬁ:h_ .......
. 1t8

5. Insurance_ O e e e e Calored. .~
6, Inoperation stnee__________._________________ Fmavl'gilié ---------
7. Produets manufactured ... ________________________ Colored.
8. Xnown or suspected carcinogens___________________________ e —
9. Medieal serviee.

10. Rate of labor turnover_____.________ percent annualiy. ______

12. Operations involving known or suspecied carcimogenic hezards— Duration of exposure

Operation Number of emplayees ‘Type of exposare Route of exposure for worker (vesrs)
Msle Femsle
Tatal vl ol wio Constant mrfé%rx;t Oggilsl— Inhalation | Skm Fogeston Other Average | Longest
a.
b.
c.
Pre- or peri-cancerans effzcts noted Cancers nioted
Site Number Dates Site Number Detes

a.
b.
c.
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