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INTRODUCTION

Environmental cancers are malignani tumors which are usnally
cansed by prolonged exposure to exogenous agents of various types.
In a few instances, these environmental eancer-producing factors are
well-defined physical or chemical agents; in others they are variable
and undetermined mixtures of chemicals; while in a third group
tho cancerigenic cxposure is represented by contacts or conditions
of a rather vaguno nature. The different environmental earcinogens
which form a part of our natural or artificial environment are prac-
tically tho only known causes of caneer in man ab the present time,
and for this reason have considerable geneval significance. Exposure
1o these [actors is related to oceupational activities, medicines, diets,
cosmetics, building material, habits, customs, climate, faimna, contami-
nants of drinking water, atimospheric air and foodstuffs, and proce-
dures of warfare. Since pravention of eancer depends fundamentally
on adeqnate information as to its oliology, the study of enviromnental
cancers, which may bring vastly inereased knowledge as Lo the causes
of all types of cancers, is one of the most important approaches to a
future control of cancer. Invironmental cancer surveys which are
direeted at this gonl represent, therefore, a basic step in the develop-
ment and institntion of preventive cancer conirol measures.

A, THE NATURE OF THE PROBLEM

Investigation into the epidemiology, etiology, and control of en-
virommnenial cancer depends upon the application of knowledge and
approachos peculiar to this special type of hazard. Often these factors
may not be adequately considered in the usual studies of toxic indns-
trial hoalth hazards and differ in some respects from those used in
epidemiologic investigations of inlectious diseases.

Tor example, some of the environmental carcinogens, such as beta-
naphthylamine and benzidine, scarcely ever canse toxic manifesta-
tions. In most instances, the carcinogenic process elicited by these
aromatic mmines in the bladder is symptomatically silent during a
latent period that lasts from 6 Lo 25 years. Industrial health surveys
limited to the demonstration of acule or chronic toxic reactions and
disregarding the peculiar nature of hese carcinogenic hazards would
£} to diselose the seriong dangor to exposed persons,

Other environmental carcinogeng, such ag benzol, ionizing radia-
tions (X-rays or rays [rom radioaclive substances), will produce
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severe degenerative and necrotizing veactiens in the tissues as the
result of brief but intense exposure. This more striking effect can
obseure the fact that less severe but more prolonged exposure may
produce cancerous responses in the same lype of tissne after & long
Jatent period. When these two different types of reaction are seen
in members of n surveyed occupational group, their etiologic kinship
may not be apparent.

Moreover, the long latent period characteristic of environmental
cancer formation tends to hinder the recognition of causal relations
between the exposure Lo carcinogenic agents and the subsequent de-
velopment of 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 eancer surveys is to collect data on
the ocenrrence, incidence, types, and causes of these malignant tumors
and their precancerous manifestations, on the rontes and types ol
exposure to the carcinogenic agents invelved in their prodnction, and
on the physioebemical 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 control of en-
vironmental cancers must be based.

Another purpose of occupational cancer smveys is to determine
which persons may be effectively exposed to envirenmental carcino-
gens and thms become potential victims of environmental cancer.
Sinco the development of such cancers depends on a number of asso-
ciated fnctors, environmental cancer surveys must obtain reliable dela
for an adequale number of cases on age, Sex and race, as well as the
degree, natnre and duration of exposuve, and the length of Iatent
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 precautionary and
preventive measures. -

A final objective of oceupational cancer snrveys is the colleetion of
specific technical information needed for the institution of adequate
control measures. These dala can benefit industry by aiding in the
design and introduction of effective technical measures for proteetion
of their personnel. The evidence acquired through such surveys
should also provide a sound and appropriate basis for drafting proper
and uniform industrinl disease codes, food and ding legislation, and
workmen’s compensation laws covering the varied and complex {ea-
tures of envirenmental and occupational eancer hazavds.

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 chemicals, various types of physical radia-
tion, and the parasite, Sehistosoma hewmatobiwm, the only generally
recognized animate carcinogen, which attacks outdoor workers in
Bgypt and other tropical eountries, inducing a form of bladder cancer.

Table 1, Recognized and suspected occupational carcinogens

1, Chemlenl careinogens:
(a) Ovganic ¢chemicnlg:
(1) Avomatie chemicals: Belun-naphthylawmine, benzidine, aniline
(7), benzol, tar, pilch, asphalt, soots (domestie, industriad,
and commaercial), shafe oil, ernde parafiin ofl, crude authra-
cene o0il, creosote, Inbricating and fuel olis and grenses, syn-
thatie estrogens (7).
(2) Aliphatie chemicals: Isopropyl ol (7).
(b) Inovganic chemicais: Arsenleuls, chromates, nicicel curbonyl (),
ashesios (1), berylium {?).

9. Pliysical carcinogens: Nonlonitzlng radirtion-ulirn  violel rays, ionlsing
radintons-corpnseular radiatlons (alpha and beta rays) and electvonic
radiationy (gamma and X-rays). ’

3, Parasitic carcinogens: Sohistosoma homatobini.

Xt must be pointed ont that the varions envirenmontal carcinogens
differ considersbly in their polency not only from each other but also
amnong members of the same typs. The earcinogenic potency of dif-
ferent types of tar varies greatly, gas-house and coke-oven tar being
{he most polent. Similar variations seem to exist regarding the
earcinogenicity of the various types of soot and tho differont kinds
of natural and processed potroloums, many of which are noncareino-
genic. Beta-naphthylamine appears to be much moro carcinogenic
than benzidine. ,

The data on occurronco and incidenco of occupational camcers, as
they appear in published reports, are very inadequate. Tho actual
number of cancers which ave ocenpational int origin is undonbtedly
much higher than is appavent fromn the recorded observations. Since
it 1s often difficult Lo establish the ocenpational causation of cancer re-
sulting from exposure to known eareinogens (often many years pre-
viously), and becauso the medical profession is to a certain exient
insufliciently awaro of the existence of occupational cancers, even
cancers produced by recognized occupational carcinogens ofton escape
recognition as such, Furthermore, il seems highly probable thal
many occupational carcinogens are siill unknown, and, in view of the
fact that new industrial eompounnds are being synthesized and manu-
factured every year, the speclrum of indusirial carcinogons may he
growing oven widor,



2. Nonoccupational Catcinogens

Occnpational cancers belong to the larger 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 other nonoccupational environmental factors.

The known nonoccupational carcinogens ave summarized in table 2.
They include many agents peculiar to certain cultural and geographic
groups not found in the Umited States (such as the kangri and chutta)
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
limjted evidence. Collection of additional ovidence in these fields
may not only point ount hazardous habits or nsages, but may also
reveal hitherto unsuspected occupational carcinogens. Data provided
by occupational cancer surveys are the only source of reliable informa-
tion on the wminimnm offective exposure, maximnm and minimum
lengths of latent period as related to degree of exposure, and on other
impartant aspects of environmental carcinogenesis,

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

Aethod of exposure and careinogen Potential altes of cancer
HABITS:
Smoking (tar) (7} or chewing of tobaecco Lip, tongue, oral cavity,
(khaini), larynx, lung,
Betel nut-lime-tobacco quid chewing.___... - Lip, tongue, oral eavity, cheek.
Chewing of tar, paraffin, eto. (7) ... ___ Oral cavity.
CUSTOMS:

Carrying of speeial beating devices beneath 8kin.
clothing ncar abdominal 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 8kin, Internal organs.
aracnical and other chemical pesticides
(soot, cta.).

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

Home-engineering with contact with mineral Do.
oil derivatives (7).

Use of paints and paint removers containing Leukemia, lung, skin.
benzol, chrome pigments, asphalts, carbon
blacks (7).



Table 2, Recognized and suspected sonvces of nonoecupartional envivon
mental cancer—Continued

Method of exposure and carelnogen

Lotential siles of cancer

HOBBIES AND HOME ACTIVITIES—Con,

Usa of chlorinated aliphatic hydveearbons in
cleaning fluids with hepalotoxic properties
modifying metabolism of endogenous and
oxogenous earcinogons (7).

Liver, intornal organs,

MEDICINES AND MEDICAL DEVICES:
Arvsonionls__ . o

Ilepatotoxic chemicals (ehlovinated aliphatic
hydrocarbons, ainchophen, ote.) ().

Hematoloxic ehemicals (bonzol, sulfonamides
(?) aromatic organia ehomioals) (7).

Uliraviolet radiation. _ oo

Radioaotive chomicals (ionjzing radiations). .

Skin, internal organs,
Do.
Liver.

Loukemia.

Skin,
Skin, bone, leukomia (7).

Skin, bono, lung (?) leukemia
(7 tivar (D).

DIETARY FACTORS:

Dictary jodine defielenay.. ... -

Dietary protein and vitamin B complox
defisionuy,

Dietary vitamin B complex doficienoy...... ...

Arsenicnl contamlnants in food, drinking
watar, air,

IToated mineral oil as fat substitute in bakod
pooda (7).

Thyroaid.
- Liver,

Laryngopharynx,
fSkin, internal organs,

Iuternal organs,

COSMETIC FACTORS:
X-radintion for depilation. .. oooeoono
Ullraviolet lainp oxposure for tanning (7). ..
Arsenicals in hair lotions and tonies (Mceae
Lamp black in oyebrow pencils (tar) (?). ...

Impuve vaseline and mineral oilg in oiniments,
areams, ate,

Tistrogens In skin creams (9o coee oo ..

Impure anjline dyoes in lipsticks, ete., contain-
ing dyo intermeodiates (7).

Bkin.
Do,
Do,
Do,
Do.

Breast.
Bladder,

OTITER ENVIRONMENTAL FACTORS:

Tar and soot in atmospheric air 5 JROR ‘

Dry and sunny cllmato with oxacsslve solar
irradiation.
Parasitic infeotions (schlstosomiasia). ... ..

Tonizing radiation in water and alr in regions
wlth radioactive ores (?).

.Lung, gkin (7).,
Skin.

Bladdar, liver, intestine,

Lung, bone, hoematopoiatio
iigsue,




3. Industrial and Public Health Hazards

At the present time, environmental cancer appears primari],
industrial prablem, although it extends into many nonindustris
pations. IFully 90 percent of the known environmental carei
never existed in dangerous concentrations until the developn
industrial processes which brought workers into {requent an
contact with them. As the injurious agents have inade their s
ance with the growth of various industries, eancers have de
among exposed workers. Perhaps one of the most striking ex
of this pattern is the appearance of bladder cancers among dye 1
subsequent to the establishment of aniline dye industries in
conntries. Observations in many industries indicate that,
known oceuputional carcinogen and the proper conditions of ex
the appearance of cecupational caneers becomes merely a que!
time, i. e, of sufficient Iatent period since the start of the op
Clearly such hazards constitute an indostrial problem den
intensive study and control efforts,

Sueh industrial carcinogens not only provide a serious hs
the exposed warkers but may possibly also affect the healtl
general population throngh various routes of contact. Carc
agents produced er handled in industrial operations, workslic
Iaboratories may enter the air, water supply, or soil after be
charged as waste. Persons living or working in the fame ¢
disposal aren 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,
passible extension of industrial hazards to the general popu
the incorparation of carcinogens into goods for general cons
cither as esgential parts or as contaminants, Of course, t
or similar extrinsic carcinogens which appear as industrial
mey also be part of the general artificial or natural environm
independent of any industrial operations,

Information and conclnsions drawn from occupational &
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 caneers represent
majority of thaose cancers whose etiology is known, observat i
in relation to these tumars have positive and immediate vale
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 objeclives 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 valuabls ¢lues and point to fruitful 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 organ or
organs develop cancerons responses, and other important aspects of
occupational carcinogenesis.

For the organization of an ocenpational eancer survey on a Stato
lovel, it is essential that close cooperalion 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 sacicty
(committees on cancer, industrial medicine, public relations), loeal
tumor registries, and, where necessary and desirable, the State asso-
ciation of clinical pathologists and public health nurses association.
Tha over-nll direction of such & survey should be provided by the
depariment of health and the work should be carried out by either
ihe 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 caneer is mainly a
biological phenomenon, it appears reasonable to place in charge of
the project, o physician experienced in cancer, industrial medicine,
oxr both.

1. Analysis of Death Certificates

Working on the premise that certain occupalional activities or con-
{act with various occupational or environmental agents result in an
abnormnally high incidence of total cancer deaths, a8 well as in an
abnormal distribution of cancer as to sites, the effects of such factors
on local cancer mortality might be demonstrated through e critieal
analysis of data recorded in death certificates. If such environmental
careinogenic 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 clistribution of cancer deaths as to total
number and ag to sites. Comparison of these data with data from
an area having a diffcrent environmental and, particularly, occupa~
tional carcinogenic spectrum should reveal suggestive relations be-
{ween these Pactors 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 feei of carcinogenic exposure—plants, industries or
occupations which deserve further investigation and in which pro-
tective and prevenlive measures ave needed.

To establish such correlations, notl only the residence bui algo 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 patterns—in-
dustrial, agrienlture, urban-commercial, maritime,

Within the industrial regions, establishments should be noted which
provide known or suspected carcinogenic hazards. Such industries
may 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 peiroleum products; smelters, refiners, and users of non-
ferrous metals snch as copper, nickel, zine, silver, and chromium ; pro-
ducers and users of radioactive substances; glass and pottery manu-
facturers; 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 addition to name, vesidence, age, sex, cause of death, and place
of death, information on individual cancer cases which may be ob-
tained from death certificates will include occupation, industry or
husiness in which the deceased was employed, and social security
number, These data appear as items 1 to 16 on the Ocenpational
Cancer Record blank given as appendix B, :

For purposes of analysis, it will be necessary to code this infor-
mation and transfer it to punch eards, Whenever the nature of the
information malkes this possible, item 11 (industry or business) should
be eoded in thires ways: ‘

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

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

(¢} By place (commtimity or region) of oceupational activity.

Since information recorded in death cevtificates is known to be
often unreliable, and beeause death cortifieates do not give any data on
length of residence, length of employment in last oceupation, or
previous oceupntional employments, any conclusions drawn from g
statistical analysis of thiz nature mnst be merely suggestive. In
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 theso limitations, however, bio-
statistical studies of this type may yield valuable clues that can be
followed up by other types ol epidemiologic investigations, as, for
example, those described below.

2. Occupational History Study of Cancer Deaths

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

The available evidence indicates that at least some of tho cancers
involving certain ovgans (skin, lung, nasal sinuses, bladder, bone,
bone marrow) ara crused by occupational or environmental eareino-
gens. Less conclusive cvidenes, such as geographical, topographienl,
age, and sex distribution, iplicates environmental and possibly oc-
cupational factors in tho production of eancer in othor organ systems
(gastrointestinal, nervous). By tracing back the onvironmantal and
occupational histories, and, whove possible, discovering other exoge-
nous agents Lo which the eancer patient was exposed, it may be possible
to substantinte further theso findings, discover hitherlo unknown
earcinogens, and determine the ineidence of various types of cancer
in different oceupations and industries.

In planning such a study, proper consideration must be given lo
tho fact that these tumors usually result {rom exiended cxposnre and
appear only after long latent periods, tho latler ranging ordinarily
from b to 96 years. It is nocessary, therolore, Lo ascortain the occu-
pational and nonoccupational exposures for as long as possible a
period preceding death. Such information ghould ineluds, in ad-
dition to the names and locations of the various employers, detniled
information as to the type or types of operations in which the in-
dividual was employed, the physieal or chemical agents o which the
individual was exposed, and the length of employment in the varions
occupations, Whenever possible, information on injuries and diseases
' sustained during the survey period should also be collected, as Lhese
may indieate specific precancerous or pericancerons reactions, (Sea
C-2.) Tho type of information required appears on the Oceupational
Caneer Record (appondix B) as items 17 to 30,

Data on the employment history of the dacensod may be oblained
from a number of sources, ineluding the last allending physician;
hospital records; employers and their insuranee carriers; institutions
such a8 homes for the aged, sanilariums, mental institutions, infir-
maries, ote., in which the deceased may have beon an inmate.

Aftar the places of employment havo thus been ascerlained from
ona or more of thesa sources, it is necessary to oblain detailed informa-
tion as to the type of work performed and the types of occupational
and nonoceupational agents with which tho deceased ¢ame in contact,
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whenever available information suggests the possibility of earcino-
genie exposure. Data on the duration, intensity, and typo of ex-
pesure should complete the information required. IFrom u crifical
svalnation of the information collected for cach ease, it is usnally
possible to nppraise whether or not one or several ocenpational factors
might have played an essential vole in the produciion of a particnlar
cancer. (See C-3.)

Through this approach it is possible to aseertain not only the
extent of known oecupational eancer hazards in a given arca but to
uncover also new industrial carcinogenic 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
eommnon Lo different operations.

3. Industrial Plant Surveys

The individual plant survey is neeessary to delermine precisely the
location and nature of suspected carcinogenic exposuves. In ovder
to discover whether such hazards actnally exist in & partieular plant,
their nature and inode of operation, and how they may be eonirolled,
it is necessary to know as acenrately us possible the number of persons
who have been exposed and the number showing effects, the nature
of these effects and the type of the contact.

For the efficient planning and sonduct of such plant surveys, it is
desirable to start by obtnining some basie information on the jndivid-
ual industrial cstablishments within the study aren. These data
should include plant ocation ; duration of operation; type of medical
servico; names of plant manageyr, plant, physician, and insuranee car-
rier; number of employees; raw materials used and goods produced;
and any ovidence of suspeated 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 approximate and is jntended
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 avnilahle
from the management, and the availability of employment, medical,
and insurance records.

Since several years of contact with the carcinogenic agent are usnally
required for effestive exposure and sinee the latent peviod is seldom
shoxter than 5 years and sometimes more than 25 years, eancer reeords
of industrial operations should be obtained for as long a period as
possible, up to 30 years or more. Occupational eancer surveys are
never spot surveys butb always time swrveys.

Howover, the biologieal and epidem iologie behavior of oceupational
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cancers makes its advisable Lo survey establishments that have been in
operation for as little ng 3 years. Workers in such plants may have
alreudy developed precancerous and pericancerons lesions, especially
if 1ho carcinogenic hazards nffect the skin, bladder, bone, or hema-
topoictic tissuo. It is nnlikely that within such a short period, cancer
altributable Lo occupational exposura will occur in statistically signif-
icant numbers, butl tha {imely recognilion of these nonmalignant le-
gions may Servo as i warning signal and hasten tho introduction of
adequate precuniionary measures, forestalling the appearance ol an
epidemic of ocenpntional euncer at souio later date,

In surveys ol this type, the chiel effort should be expended on dis-
covering and analyzing personnel currently or formerly employed in
operations with apprecinble vecognized or suspected caveinogenic
hazards. ‘Thege persons are the uetual test subjects which may
demonsiyate the type and degree of hazard through significantly ele-
vaied cancer incidence rates, Only when these studies demonstraio
(ho existeiea of an oeenpational earcinogen is it advisable to exiend
tho investigation to groups ol workers exposed Lo o lessor degree so
as Lo deterniine the wider scope and ramifications of the hazard,

Tnformation on the health aud on other oceupational exposures of
these persons iy he obtuined through the ocenpalional history
studies of cancer deaths, ns deseribed above; plant omployment rec-
ords; plant medienl records; insurance companies; hospilals; physt-
ciang; institutions; and socinl securily records.

To oblain rvelinble ineidence figures, the present health stalus or
causo of denth should be determined whenever feasible for all workers
currently or formerly employed for nn adequuie period in gperations
with carcinogenic huzards, ~

Sinco ocenpational eancers have n lateut period that is usually more
than 5 years, if the plant has a f aivly rapid labor turn-over, it may
bo fouud thul no workers in apparently earcinogenic gperitions are
suflering from cancor or oven [roin precancerous lesions. Indeed, the
medical records of the plant or its insurer may show no oceupational
eancer Lhronghoul (he entire periad ol aporation. Ilowever, it may
bo discovered, by following up former employces, that somo porgons
havo doveloped occupational cancors possibly altributeble to the
enreinogenic ngent to which they were exposed from 2 to 30 ycurs
enylior,  Labor turn-cvor may, thovofore, lotally oblilerate any ovi-
donco of cancerous roactions in persous exposed unless adequate
follow-up studies of former employees are made over a period of
sufficiont longth, swy LB Lo 80 years.

Clongideration must bo given, moreover, Lo the fact thal employees
with oceupntional cancor or wilh therapentically eontrolled occupa-
tionn] cancer aro, in gonoral, not continned in operations with earcino-
gonic hazards, In some cstablishmonts, howover, this practice is not
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followed as it is held that removal from the hazardous occupation
does not, improve the ultimate prognosis, and by continuing the em-
ployee in the ocenpation the zhsolute number of persons so exposed
%5 held al a minimum. ‘This practice, on the other hand, tends to
incrense primary cancer incidence among exposoed workers,

It is usunlly found that various employee groups are exposed In
widaly differing degrees to any carcinogenic agent or agents that may
bo present. Office workers, for example, are not as a rnle significantly
exposed to indusirial carcinogens unless the administrative quarters
forn an integral or closely related part of the production zone, thereby
cstablishing divect confact; or unless the disposal of earcinogenic
wasles, such ag fumes, dust, vapors, gascs, wnist, vepresents an environ-
mental hazard in the office area. Not infrequently it is found that
only relatively small groups of workers have effective contact with
caveinogens. In some industrics, however, such as chromate operi-
tions, practically all production workers ave exposed Lo carcinogenic
ngenls Lo some degree,

The investigations shonld be extended not only to individuals regu-
largly employed in hazardous operations or constantly in conlact with
carcinogenic agenls, hut also to those eutering the hazardons area or
coming into contacl with carcinogens at irreguler intervals. Inter-
mitient, ivregular, cr rhythmic exposures of varying intensity may be
sustained by such workers as watchmen, repaivmen, packers, shippers,
truckers, supervisors, clerks, conirol chemists, guards, and yardmeon,
Consideration should also bo 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 operations located near the
hazardons ono, and thereby possibly hecoming exposed to carcinogenic
gasoes, vapors, fumes, dusts, elc., originating from the latter.

Through investigations within the plant, exact information should
he obtained as Lo the nature of the suspected carcinogenic agents ; type
and route of contact to which employces are exposed; and the type
and inlensity of snch hazards and their possible varintions during dif-
fevent periods of operation of the plant due to changes in man ufactur-
ing methods and in raw materials used,

Moreover, record should be made of any differences in the degree and
Lype of exposnre (skin contact, inhalation, ingestion) and the phyocico-
chemict] status of the agenis (dust, fumes, mist, spray, vapor, gas) in
different parts of the snme operation and in different parts of the plani.
Special attention should be paid to ascertaining the particle size of
dust, fumes, mist, ete., as this factor determines to a certain degree the
soverity of exposure to respiratory cancer hazards. Such distinelions
are indicated for chemical as well as physical carcinogenic agents.
Differences in this factor affect not only the incidenco rate of oceupa-
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tional cancers among various groups of workers but may nlse be ol
distinet influence in determining the site of resulting cancers.

To assay cancer hazards 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 [ollow
these suggestions.

(@) The investigalor should be thoroughly familiar with the pro-
duction methods and with the materials handled and manulactured in
the plant. e should be able to note any irregularities or exceptions
from usual procedures and readily detect areas in which carcinogenic
Lazards may exist. _

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

(¢) Sinco visits of this sorl may be announced well beforehand,
there is an opportunity for cleaning np any operation. Such a pro-
cedure may resull, 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
of pipes and ducts, and olher machinery for evidence of poar house-
keaping, Arrangement and effectiveness of exhaust ventilation should
be Lested.

(d) Any survey shonld include the yard and adjacent buildings,
packing and shipping facililies, and disposal of wastes and emptied
contpiners. Ifinally, the study should be extended to the neighbor-
hoed of the plani, noling unusual offects on color and surfaces of
houses, vegetation and animals, and condition of drinking water in
order to discover any possible eflecls on the envivonment of earcino-
genie agents haudled or produced within the plant. Whoro evidence
indicates the environmenial spread of an ocoupalional cancer hazard
(o persons living ncar 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
domesticated animals in the area.

(e) Coniact shounld always be made with the plant plhysician and
informalion obiained as to the type of medical supervision, the type
of modical facililies available, and the employment and medical policy
observed in connection with workers who have developed precancerous
or cancerous lesions. !

(f) Through careful questioning lhe invesligalor should discover
any changes made in production, handling, and precauiionery mnens-
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nres employed during the perviod of plant operation, Such changes
ray have a favorable or adverse effect on the condilions of exposure,
The direction of this influence may sometimes be rather unexpected.
Tor example, improved production nethods and precautionary meas-
ures which may reduce the concentrution of careinogenic dust in the
atmosphere nmy also increase rather than dimimsh the degree of
exposure. In order to obtain better yields in production, the car-
einogen niay have been more fnely powdered, thereby causing a dust
which reaches the deeper regions of the bronehial tres, The con-
sequent intengitication of the carcinogenic cifect causes an increased
incidence and a shortened latent period of the resultant eancer ol
the lung. A corresponding result may follow when a mist hezard
is converted into & 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.)
Although it is not likely that a enrcinogen present in mist form may
veach the nasal sinuses (unless these have become abnormally acces-
sible through operative procedures, such as are performed for the
relief of chronic sinusitis), cancerons reactions of the sinus lining may
be anticipated if the earcinogen appears in the form of a vapor ov
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 until a Ing period of at least 5 yeavs, correspond-
ing Lo the usval latent period for the iype of cancer, has elapsed,

Detailed information should be obiained on the preventive, prophy-
Inctic, 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, Thetypeand extent of precautionary
measures taken; extent of medical supervision; and follow-up of
former workers and of workers shifted from hazardous Lo nonhazard-
ons operations, Special attention should be paid to the methods
employed in the disposal of carcinogenic industrial wastes, since in-
adequate measnres of waste disposal may lend to a perpetuation or
reintroduction of cancer hazards inte operalions which may have
been made safe from the standpoint of production.

C. SPECIAL ASPECTS

The conduel of occupational cancer surveys presents a series of
special problems which must be taken into proper consideration Lo
assure results that are reliable, significant and valuable for the con-
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duet of cancer research and for the introduction of proventive
Measures,

1. Contact-Site Relations of Carcinogens

Observations in the field of environmental carcinogenesis have
shiown that the route of contact with these agents, as well as the roule
a.nd nature of the metabolism and excretion or tha site of their deposi-
tion plays a definite role in determining the sile of the cnsning eancer,

"Those observations are sununarized in table 3, which indicates the
Ly e of contncl (direct and primary, depository, excrelory) for various

arcinogens and the site of resultant cancer.

Table 3. Contact-site relations of carcinogens

Site of cancer Type of contact Carcinogen

Ultraviolel, radintion, X-radia-
tion radicactive energy, tar,
pltcf], soot, processed miner-

(Dirvceb, primary coniact.

Daopository contach. ... -
\Excretory contaet. ...

al oils, greases, arsenicals,
Arsonioals,
Araenicnis.

Tmang, laryng, nassl
ainuses.

4

( Divect, primary contact- -

| Excretory contoash - - -~

Radionctive gasos and dusts,
fumes, (usts, mists, vapors
of tar, piteh, proeessed
minoral  oils,  chromates,
nickel oarbonyl (1), arsenle,
asheslos (1), isopropyl oil (D).

Nadionstive goses,

Bladder, urater,
kidnoy.

Txoretory contaot. ...

Arotatic mnlnes, tar (1), ar-
senfe (1),

Bone and bone
IMABITOW,

Depository contaoba .. ..

Direct primary condaoctl..

Tonizing radiations (radionctivo
anbstances), bonwel, boryl-
lHum (D).

K-ratiation,

Despite the fact that the tissnes of the alimentary and nervous sys-
toms are directly or indirectly exposed to a great nmaber of environ-
mental agents—some, such as tar, petrolowm. derivalives, arsenic and
benzol, having definite carcinogenic proportios—and although cancers
of the alimentary tract exhibit topeguaphical lontures indiceling the
causal action of exogenous careinogoens, thera exists no definite evidence
that specific exogenous and environmental fnctors are involved in their
genesis. Sinca cancers of the alimentary systom constilute almest
onne-half of all cancers observed in males and sincs cancor of this organ
system, as well as those of the contral nerveus syslem, usually have a
poor prognosis, it may be hoped that environmental eancer surveys will

BY0678-b0—3
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provide data indicating the cansation of at Jeast some of {he cancers
affecting these twe organ systems, and {hereby help open the way to
their ultimate centrol.

2. Environmental Cancer Pattern

In studying the medical histeries or symploms of-worlmrs exposed
to occupational carcinogens, attention sheuld bq givon not 011']3} to
cancers, but alse to proecancerous lesions (prolilerative conditions
which are sometimes obscrved preceding and not infrequently leading
to cancer), and pericancerous lesions (cenditions duo to crrcinogonic
cxposure, but are umelated to the carcinogenic procoss, yel sorving
ns stigmata of previously sustained spacific careinogenie exposures).

Proper altention should be given to the imperiunt facl that exoge-
nous carcinogens net only elicit hyparplastic and benign neoplastic
cellular proliferations prcceding, preparntory lo, or simulinnoously
with, cancerous resctions. Deponding on the quantilative and qualita-
tive conditions of axpesure, these carcinogons may also cause degenora-
tive, necrotizing and, in fact, anti-cancerons effects,  Such wmbivalent
respanses to oxogenous carcinogens appear in many forms and are net
infrequently present in individnals with envirenmenial precancorous
and cancorous lesions. In fact, whenover such an onvirenmontal can-
cer pattern, including heth aplasiogenic and hyperplasiogenic mani-
festations, can be demonstraled in the same individual or a gronp of
individnals exposed to the same agont, it serves as valuable cvidence
in suppert of an exogenous causalion of the cancerons regpouses ob-
sorved in the population group. '

Among the exegenons earcinegens which produce these ambivalent,
offects aro arsenicals, benzol, ionizing radiations irom radioaciive
chemicals and X-ray tubes, estrogens, urethane, and cerlain nitrogoen
mustards. Their anti-cancerous action is nbilized in tho therapy of
malignant tumers, while their carcinogenic action hag resulled oc-
casionally in tha preduction of cancers when thoy havoe heen usoed meo-
dicinally in the treafinont of nonmalignant conditions,

These ambivaloni precancerons and paricancerous reactions to en-
virenmental carcinogens are summarizod in lable 4. As may be noted,
they are found in the entire range of the carcinegoenic spectriun and
affect the skin, nasal passagos, bladder, bono marrow, lungs, and
breasts.

A charactovistic environmental cancer pattorn may be presented by
the changes in the blood and hematopoielic tissues following exposure
to benzol or ienizing radiatiens. At one extreme of tho scale, honvy
exposure is found fo bring degonerative, necrotizing and atroplioe
changes, such as aplastic anemnia, lonkopenia, thromboeytopenia, mac-
rocytic anemia, and sevare airophy of the hematopoiotic tissues. On
the opposite end ef the reactive range there eccur loucoeytotic, liyper-
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lencocytotic and lenkemoid reactions with the appenrance of immature
Jeucocytes, polyglobulia, leukemis associated with metaplastic eryth-
ropeietic, myeloid and leukemic preliferations in internal ergans,
and myeloid and leukemic hyperplasia of the bone maxrow.

Table 4. Precanceraus and pervicancerons reaciions #o environmenial

carcinogens
Reaations Etiologic Agents
SKIN

Alopecias

Spotty less of haire. - coummvu—ramemnues Arsenio, ionizing radialions

Scr adioanoctivo substances,

radiatien),

Atrephy:

Skin grosdy thinned and gllstening in | Pitel, tar, asphalt, potroleum,
patohes, nssociated with keratotie radioasetivo substances,
areas, X-radiation, ultraviolet radin~

tlon, solar rays.

Fozemas! .
Dry scborrheie patches on skin_oeoeoo- Argenic, asphait, piteh, scot, tar.

Keratosis:

Fiat, diserete, scaly ares en skin with
raised pearly borders. Usually on
parts of skin exposed o careinogen, but
may oecur in unexposed parts, particu-

laily about sweat glands, with argenie. | Anthracene, arsendo, asphalt,

A to, crude minoral oll
Hyperkeratosis: GresoLo, '
: . f , soot, tor -
I?ough, fissured keratotio plaques with ﬁgiﬁo"él?ﬁgﬂuzgg *uﬁlzlf‘fﬁgt
gmall, hard, wart-like horns usualiy on radintien X—rndia%inn
hands and scles, May begome nodular ’ :

and ulecrate.

Verrncae: .
Horn-like hyperkeratesis. .. cconvumunes

Ulcoration: .
Breokdown of keratotic leslons. oo ono-n Arsenicals.
Chromo holeS e o ccccmmemmmmmam e Chromates, ochromic asid.

Leoukodermas:
Pnf,.ches of subnormal melanin pigmenta-
ion,

Anthracons, argenic asphialt,
croegoto, erudo mineral oil,
p&raﬁin, pitel, tar, nounioniz-
ing and ionizing rodiations
(radioactivo subsiances,
X-radiation, ullraviclol radia-
tion, selar radlation).

Lesuko-melanoderma:

Patohes showing inoreased pigmentation
and patohes showing su normai pli;-
mentation ef skin, ost common in
arans of highest pigmoniation, and may
involve oral mucosn,

Melanodermas:
Patelies of inereased pigmontation.......

Seleroderma:

Dry, sealy, parchment-like skin, with | Crude minaral oit, paraffin oil,

enlurged pores, assoolated with louke- ionizing radialions (radloagiive

melanederma. substances, X-rays, ulbraviolot
rays, solar rays).
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Table 4. Precancerons and pericancerons reactions to envirommental
carcinogens—Continued

Reactions

Ltiologio Agonts

NASAL PASSAGES
Pngi]lomas and polyps:
rowlhs in autrnum, ethmoid eells and
turbinates, Nasal

tions,

septum  perfora-

Isopropyl oil, niekel carbonyl,
chromates, arsenijcals,

BLADDER
Hemorrhage, submucosal:
Varying size, with telanglectasis, Located
inginly in trigone and about wrotoral
orifices,

PaFillomas:

olypous or villous, pedunculated or
gessile, Often multipte about trigone
and wretoral orifieas.

Benzidine, beta-naphthylamine
and derivatives.

EYLES
Pagillomas:
edunenlated. Develop mainly on lids,
oceasionally on eyshall.

Arsenic, asphalt, ercosete, erude
mineral oil, piteh, tav, ionizing
radiations, ultraviolet rays.

BONE
Chronie periostitis:
Thickoning of poriesteal tisswo, neorosls
of hone,

Tonizing raciations (Xrays, radio-
active suhstanees),

BONE MARROW IIYPOPLASIA
Blood dyscrasias:

Ilyporplasia and metaplasia, aplaslic
anemis, thrombocytopenia, leukopenia,
monocytosis, erythrooytosis, leuecoocy-
tosis, leukemoid resctions,

Benzol and derivatives, ionizing
radiations  (radiosetive sub-
stanees, X-rays),

LUNGSH
Pneumoconloses and pneumonia:
Ashestosts, “lipoid” }meumoniu, chronie
chemioal pneumonia,

Asbestos, nrsenie, tar, soat, min-
oral oil mist, chromo salts,
nickel oarbonyl.

BREAST
Painful; swollen breasts:
(landular hyperplasia,

Tiairogonis chomieals.

Intermedinto degrees of exposure, whether continuous or iniermit-
tent, will produce mixed reactions. TIn general it will be lound that
increasing exposure will vesult in inereasing effcels of both the hyper-

plestic and atrophic types up to a certain point,

From that point,

the incrensing severily of exposure will canse a proponderantly aplastio
effect, overwhelming any hyperplastic veactions and leading, as ox-
posure increnses, to death of the organism by destruction of tissues.
Thus, a primavily hyperplastic phase may be followed by an aplastic
phase, or vice versa, depending upon the degree and rhythm of

exposure,
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3. Identtfication of Occupational Cancors

Oceupational earcinogenic agenis and cancers do not, in themselves,
possess any characteristic properties that distinguish them [rom agonts
and cancors of nonoceupational naturo, The oceurrence of eancor in
nn oxposed person of a tumor characleristie for the particular car-
cinogen and typo of exposure 15 nob, thereloro, absoluto proof that the
cancer is of oecupational origin; anatomiesdly and histologically
identical cancors are found in persons who apparently have had no
contact with tho occupational carcinogen in question, IHowover, there
ig ofton sufficient agsoeinted ovidence present, which, whon ecritically
analyzed, provides adequate and accoplablo proof as to the occups-
tional naturo of tho cancer.

Such ovidenco is ropresenied by tho presence of typieal precancer-
ous and pericancerous lesions, sueh as radintion, tav, oil, paraflin, pitch,
solar and arsenie dermatitis; radintion osteitis; and pro-lonkemic
loukoponiag and leukemoid veactions after axposura Lo benzol and
ionizing radiations, Additional supperting ovidenco is the demon-
slvation of exposuro of adequate lenglh and intensity to the carcino-
gonic agent. Howevar, consideration must be given in this connection
to tho possibility that eflcetive carcinogenic oxposure may be tho result:
ol contnel with the carcinogen sustained in diflerent employments or
for othor envirenmental ronsons, or oxpoesuro to differont earcinogens
having addilive action, Thus, a erilieal unalysis of tho enlire ocen- -
pational history and nenoccupational exposures s indicated for all
casos in which tho initial evidence shows that the exposure suslained
in any single employmenl appearod insuilicient or sullicient {o account
for tho cancer.

Tdentification ol cancers found in a particular survey aren or plant
may bo made by siatislienl methods when individual cancers cannot
be accuratoly identified ns to eliclogy. This identifieation will not
apply to any speeific case, but may provido a sirong suggestion of
occupntional or onvironmonial etiology. Theso critovia of identifi-
cation are:

(2) Significant vaviations in totnl and ovgan incidence of cancor
in difforont onvironmenial or occupational subdivisions aflter the date
havo been proporly adjusted and standardized as {o raco, age, sox, and
othor possible [actors, :

(0) Shift in organ incidonce, sex distribution, [requoncy of multi-
plicity and age yango of eancor durving differeni paris of the survey
period, especially if thoso dovelopments should follow upon the estab-
lishment ol industries with known or suspocled caneer hazards in
tho area.

(¢) Difforences in the incidence rate and localization of cancer
within one organ system (exposed and unoxposed skin, alimontary
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tract, ete.), among pevsons living in varions parts of the survey area.
Different types of exposure to the same carcinogen, us well as contact
with different carcinogens, have a direct influence on the incidence
rates and localizations of cancer within.one particular organ system.

For a conclusive demonstration of the oceupalional or environ-
mental nature of eancers suspecied on the basis of statistieal and
epidomiologic evidence, it is nsually 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 not proven nniil expertmental re-
production has been achieved. Conversely, it is not inlrequently be-
Heved that the demonstration of careinogenic responges to an BX0goe-
nous agent in animals is evidence that this agent may exert a similar
action in man. On the basis of this assumption, chemicals produnced
and used in industry and consumed by the general public ave screened
and tested in experimental animals for potentinl carcinogenic prop-
orties they may possess for man, Flowever, oxisting facts indicate
that neither a successful reproduction of eancer in animals nor the
bioassay of chemicals for potential carcinogenicity in man fulfill
entively the regnivements that must be placed on such tests.

For instance, under proper conditions of exposure beta-naphthyl-
amine and benzidine elicii bladdoer cancer in man. Such tumnors ave
produced in 100 percent of the individnals afler sulliciently intense
and prolonged contact with theso chomicals, Ago, sex, and heredily
do not seem to have any appreciable influenes in this respect, The
experimental reproduction of these bladder cancors was successfully
achieved by {eeding mnle or female dogs beta-naphthylamine, There
is controversy as to whelher or not vabbils react, similarly to the
adminisiration of heta-naphthylamine; it i esinblished that rats and
mice do not respond with the development of bladder eancer when
given this chemieal by various routes, although they readily show
this response upon the introduction of related aromatic amines
(2-acetylaminofluorene) and aromalic aze-compounds (0O-amino-
azotoluene, o-toluidine), On the other hand, dogs fod benzidine in
high and at times toxic doses for a poried of more than 5 years did
not develop blndder tumors; rals recelving the snme troniment respond
with the production of eancers of the evstachian tube, hepatoeor-
cinomas, and lenkemia. The two aromalic amines found to bo
carcinogenic {o man eause species specific cancorous responses which
in the rat are complieated by a shifi, of the earcinoganie shock organ
(i. e, the bladder, in man) o several other tissucs (i. e., liver, hone
marrow and, probably, eustachian tube).

The chemical analysis of the urinary metabolites of the two are-
matic amines when given to different species suggosts 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 bete-naphthylamine is excrated by the dog ns
2-amino-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 excrete
the free base and a hydroxy-derivative, white rats eliminate  hydrox-
ylated compound and an acylate derivative, Workers exposed to
chemicals containing benzidine excrete ydroxy-derivatives, while acyl
derivatives and free benzidine have not yet been demonstrated in man,

Various aromatic azo compounds produce cancer of the liver in rats
but not in rabbits, Observations suggest that this species specificity
ig not entirely of n constitutional nature, but depends in part on exoge-
nous distary influences which, through impairment of the normal livex
function, cause an abnormal metabolism of the carcinogenic azo-
compounds, While a constitutional factor which causes a rapid
excretion of butler yellow may account for the vesistance of rabbits
and guines 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 riboflavin deficient diet, withont
which liver cancer doss not develop., Recent experiments showed that
rats kept on an adequate diet and given 2,3 nzotoluene excrets 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 monkoys have failed.

It is not unlikely that species specific factors inay be responsible
for tho equivocal results obtained in experiments aimed at a reprodue-
tion of argenic 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 becorne manifest in animals, 1t may
be possible that the generalized hair growth in exparimental nnima}ls
croates a highor oxeretory potential of arsenic and thereby lowers 1ts
carcinogenic action, Howsver, the strikingly spotty sppearance of
girsonic 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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in man. Il 18 remanrkable in thig

produco cancerous responses oven b )
o1l medicinal nisenic eancers

connection thal a high percentage of

have been observed inindividuals with psoriasis. _ o

Another examplo of the great importance of species specificily is
presented by the continued conlrovorsy as to tho earcinogenicily ol
cstrogenic substances in mou. While there cant bo Hitle doubt tha
estrogens are essentially involved in the (1‘,3‘701“1““0“11' 0.[ mammary
cancer of corkain inbred strains of mice of both sexes, 1t 19 still ques-
tionable whether estrogens purticipato in the prod nelion of such tumaors
in mam. There is littlo likelihood that a definit docigion of this con-
troversy will be obtained [rom observations mado on women. How-
evor, recent obsorvations made in males with intensive aud prolonged
medicinal or cceupational contact with synthelic estrogens may soon
provido the final answer lo Eliis question, Unilutoral ov bilutoral mam-
mary cancer has been found in soveral males who recoived large
amounts of stilbestrol for tho control of cancor of tho prosiate, Sinco
normally less than 2 pereent of all breas earcinomas oceur in males, tho
continued therapentic use of cslrogoms in the troatment of prosiatic
cancer may supply conelusive evidenco as Lo the careinogonicity of
estrogens in man, The occurrones ol hyperplasin of tho breast in
pharmaceutical workers in England and tho Tnited States engagoed
in the manufacture of synthelic estrogens may provide confirmalery
ovidence in this respect, il and when munmay eancors dovolop in
male workers of this occupational group.

Briof mention may be made in this connection of Lwo additional
chemicals with poteniial or eontroversinl careinogenicily to man and
definit o or equivocal carcinogencity to animals, Seatiored occupational
observations indict benzol ns a lenkomiogenic agenl in man, How-
over, tho exporimenial obgervations mada s far entirely on mico are
contradictory. Boryllium has been shown to clieit osteogenic sarcomas
in rabbits only by means of inlravenous injections. It s an open ques-
tion whether this observation indientes that, this substanes may exert
o similay offect in workers exposed to il by a differcnt roulo.

Spocios specific differences exisl also in Lo fiekd of physical enxcino-
geng and produce uncertaintios and problems {horo idenlical with
those encountered in connection with primary chemicul earcinogens.
Epidemiologic ovidence strongly indicales Lhab an excessive exposuro
to solar rays may result in cancor of (he oxposod skin muong indi-
vidunls especially predisposed by theiv light complexion, Observa-
tions made on mice and rats subjecled Lo intensive Lrestmoent with
‘ultraviolet rays seem to confirm this causal relation belween exposure
ta solar actinic energy and cancor developmont, ITowaovor, all attompls
to produce experimentally ultraviolol eancer of the skin in gninon
pigs and rabbits have failed. Thus, observations on two gpecios scem
to negate any relationship of solar irradition sud cancor. Such o
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conclusion, however, ig a [allacious one gs far as man, mice and rats
are coneerned, The inability of ultraviglet rays to elicit skin cancers
in guinea pigs and rabbits rather may be due to species speeific differ-
ences in the photoeheniical reactions aud renetion produets produeed
in these species, Tlhese apecies specifie differences in the response Lo
ultraviolet rays, by the way, do not support the widely held coneept
that actinic energy elecits cancerous responses by eausing primary
direct cellular mulations, The available evidence fnvors the idea
that physieal earcinogenic agents nlso produce eancer through the
mechanism of chemieal deviations, of so far undetermined charaeter,

Rvaluating the evidence on the speeies specificity of physica) and
cliemical earcinogens and its relation (o oceupational carcinogenesis
the lollowing conelusions may be reached :

L Failnre to reproduec cancers of certain sites in experimental
animals, using agents which seemingly produee such cancers in man,
does not disprove the careinogenieity of the pariicular agents for
man,

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

3. In the experimental study of eareinogens which affect lumans
the sclection of a suitable species represents the fundamental pre-
requisite for obtaining results that ean be applied to man,

The planning, preparation and technical execution of animal ex-
peviments on occupational earcinogens present, certain speeia] aspeets
und considerations which may be worth mentioning siuce thay muy
influenee deecisively the outecome of the experiment.  Given g suitablo
lest speeies, applied experimental oecupational cancer vesearch must
aim to duplieate or at Jeast closcly approaeh in ils experimental eon-
ditions the circumstances of oxposure that arc beliaved to lead to the
development of cancer in man. Experimental evidopncs obtained in
ithis way is most useful in its divect practieal application to the
existing occupational problom,

For instance, when designing the experimental condlitions by which
an occupational hazard entailing the inhalation of g carcinogen is to
bo studied, il is essentinl to ascertain fivst tlio physical stalus of the
earcinogen under the existing working conditious; i, 6, whother it
is » gas, vapor, mist, spiny, Tume, dust, or.a combination of sovaral,
and what its particle size is if it occurs in a dispersed form, Ii is
cspeeially important to ascortain the smallest particle size presont,
and its proportion in the dispersed mattep. Industiial hygienisls
are llow paying marked attention to the detevmination of thq particle
size, since this factor is of uimost importance in determining the
depth to whieh the inhaled particles lenelrate lhe respiratory
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(ract, and thus in controlling the site and degree of exposure
to the inhaled agent. Not infrequently the same agent under-
coes several changes in its physical state when passing through
various plant processes. Kor instance, chromite ores reach the fac-
tory coarsely ground. The particles in this stato may pass a sieve
of § to 10 mech. After the ore has been ground in steel ball mills
ta o fine powder the particle size is reduced so the chromite ore passes
through & 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
suspended in the air longer than the coarscr 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 n dust of proper particle size but also 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-
{ive exposures to careinogenic dusts when the action of these dusts
is dependent on direet contacl of the bronchisl tissue {o the car-
cinogenic agent.

When determining the dose of carcinogen te be adininistered, it is
not unusnal that data used have beon collected and recorded by in-
dustrial engineers and represent eoncentrations of the offending agent
obtained in o number of random spot checks or are average values
dorived from tests of longer duration, - Under praclical 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 occupational groups em-
ployed within & careinogenic 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 ocenpalional eancer such observa-
tions deserve adequate considerations; as the use of insufficient doses
calculated from averaged concentration figures may produce mislead-
ing negative results. Data on the coneentration of radioactivity in
the Schneeberg mines, for instance, indieate that there are not only
appreciable variations in the degree of average radioactivity 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, theraby causing an exposure to the miners that, ag far as car-
cinogenic concentrations are concerned, should be measured more in
pealt values than in averaged values. Thevefors, the proper appli-
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cation of observations on exposure in the field seems to be an inportant
part in experimental studies on occupational carcinogonesis.

Since there is an almost complete lack of velinble information as to
{he 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 been done with
doses appreciably exceeding {hose enconntered under working con-
ditions in industry, it does not seem wise {0 attach too much sig-
nificance 1o negative experimental results whien low doses were used.

4. Age Factors in Occupational Cancer

A survey of environmental cancer ghould include all cases in the
aren, vegardless of age, SeX, race, oF gite. The final analysis, however,
should consider these factors separately and should maka the proper
adjustments for standardization, 0 as to obtain comparable figures.

Since oeenpational exposure Lo carcinogenic ngents cdloes not start,
as o rule, before the age of 16 Lo 18 years, and inasmuch as the average
Iatent period for occupational cancers is from 5 Lo 25 years it is ad-
visable to vestrict the eveluation of data in o study of oceupational
cancer to persons of the age group above 25 years. Although femelo
workers often leave industrial occupations &t an carly age, the ex-
{ensive employment of female workers in certain industries and pro-
fessions with potential cancer hazards warrants their inclusion in such
surveys. These industries include rubber goods manufacture, lumi-
nous dial painting, spinming end weaving, X-ray and laboratory work,

Many environmental carcinogenic factors, on the other hand, act
on the human organism et a much earlier age than the occupational
carcinogens. TFor instance, cpidemiological studies on the incidence
of penile cancer in cireumeised and noncircumeised population groups
indicate that the first 10 yonrs of lifo are of definite importance in
determining the ocenrrence and ago of appearance of penile cancer,
Tt is concoeivable that even prenatal maternal influcuces, exeried on the
fetns by exogenous factors penetrating the placental harrier way bo
.active in eliciling cancer in the young, Thus, there ave no definite
pge rango limitations in genaral cancer surveys.

Detailed presentations of the problem of environmental and oc-
cupational cancers and related disorders uve wvailable in the following
publications by W. C. Hueper:

Occupational Tumors and Allied Disenses, C. C. Thomas, Spring-
ficld, Itlinois, 1942, p. 896,

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

These may be useful for the interpretaiion of the resulis obtained in
anvivonmental and occupational cancer surveys.
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APPENDIX A

Occupational and Nonoccupational Groups Suggested for Survey

1. Exposure to benzol and tty derivatives, naphibol, aromatic amiues, tolual,

xylol (wlth possible relation to leukemin, lymphosarcoms, and myetoma),

Alrplane-dope workers,
Anrplnne hangar emplpyees.
Aleohol {denntnred) workers.
Anllne workers,

Avt-glass workers,
Ashestos-roduets impregnators,
Battery (dry) maokers,
Beauty purlor operators,
Belt sconvers.

Beuzol purillers,

Benzol workers.

Brake lhning makers.
Brouzers,

Burunishera.

Cnu (rubber gasket) manufacturers.
Can (rubber gasket) senlers,
Carbolle aald makers.
Chewlsts,

Chigradiphenyl malkers,
Clutebh-disk Impregnators,
Coal tar still eleaners,

Coal tar workers,

Cobblers,

Color makers,

Coke oven tar workers,
Compositors.

Degrensers,

Disnfectant makers.

Dry cleaners,

Dye mukers,

Dyers.

Blactroplaters.

Bilectroplate casl scrnbhers.
Bnamelers,

Enamel malkers,
Tngravers,

Heploslve makers,

Feather workers.

Fertillzer makers,
Iflavoring extract makery,
Galvanizers,

(as house workers,
@aroline blenders,

Gllders,

Glue makers.

Ink makers,

Lacquervers,

Laequer makers,

Leather mokers {nrtiflelal and patent),

Linoleum workers.
Lithographers.
Metn} washers.
Milllnery workers,
Mirror sllverers.
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Mordanlers.

Nitrobenzol malkers.

Nitrocelluloze workers,

01l extracLors,

Palnt remover nmnnfacturers.

Painters,

Paraflin makers,

Pencil makers,

Parfuine mukers,

’etroletin disilllery and refinery
workers,

harmaceuticnl workers,

Phenol mikers.

Pholoengravers,

Photographic ehemleal makers,

Pierle aclid mnkers,

Plastie tevtile makers,

Pelish makers,

Polighers,

Dottery decorntors.

IPriuters,

Putty makers.

’vroxylin plastie workers,

Rotogravure workers.

ltubber hufters.

Rubbor cemeniers,

Rubber cement mixers,

Rubher componnders,

Rubber dippers,

Luhber driers,

Ruhbertzed ashestos hoard malers,

Rubbor mixera,

Rubber pressvoom workers,

Rubber reclnimers,

Rubber tive bnilders,

Rabbor treatders,

Rubber workers,

Shade eloth workers,

Shellaclkers,

Shellac makers,

Shoé finlshers,

Shoe fuctory worlkers,

Shoe-heel (wood) coverers,

Smoekeless powder makers.

Soap makers,

Tar dlstillery workers, .

Tar, piteh, oll, ete, tavk cleaners,

Taxtile fullers,

Tobacco seedling Lreaters.

Trinlirotoluol makers.

Type cleaners,

Varnlahers,

Varnish makers,

Varnish remover manufacturers.



War gas makers.
Waterproof fabrle makers,
Wax makers,

2, Wxposure to aromatle amines, anlline dyes and
(with possible relation to cancers of the biadder,

{(¢) Oceupntional exposure:

Agrieyltural Inborers,

Blue print makers,

Candle mnkers,

Candy (coloved) makers,

Cosinetle mannfactuves (colored
linstick, powder, ecrecam, eye-
brow pencll, skin tin lotions),

Cltrus fruit dyers.

Dyc handlers, packers, mixers.

Dye makers (aulline, naphthyl-
amine, henzidlne, xylidine,
totuldine, cte, ),

Tur dyers and worlers,

Grrdeners (aromalle pesticides).

Ink makers,

Leather dyers aud workers.

Lithographers.

Margarine (eolered) makers,

Marmalade and jelly (colored)
makers,

Ore flotatlon workers (beta»
naphthylamine, cresylle acid,
eda.).

Painters.

DPaint makers,

Paper dyers nnd manufacturers,
Phavmacettien} workers,
DPhotographers,

Welders,
Wire insulafors,
Window shade malkers,

related aromatic chemlecals
nreter and kiduney).

() Ocenpntionnl exposnre—Continued

Photographic chemieal workers,

Printers,

Runbber workers (antoxidantis!
beta-nnphthylamine,  phenyl-
betn-unphthylamine, buiyl-
beta-naphthylamine, ete.).

Shoe manufaciurers.

Soft drink (eolored) manufac-
furers.

Textile dyers,

T'extile printers.

Wax pencil mukers,

(b) Nonoceupatipnnl exposure:
Caonsumers of coloved foodstufls,
Users of eolored cosmeties.
Users of dyed textlles and leafh-

ergaods that hleed excess dye
when coming in contact with
gwent and sebum.

Users (frequent) of medieal prep-
arations conlaining aromntle
nmino groups: antlhistamines-
allergles, hayfever, ele’; anal-
gesleg-hendache, nenralgla,
dysmenorrheq, narthritls, i
gralne; wmedielnes  (lquids,
tablets, capsules, olntmenla)
calored with aniline dyes.

8. Iixposure to tar, piteh, ofl, soot, asphalt, creosote, carbon hiacks, pavafiln,
anthracene (wlih possible relatlon to cancerg of the gleln, Inng, blndder, and

leukemlia),

Artificlal-stone makery,
Ashesrios goods workers.
Asphalt workers,

Anthrneenp manufneturers,
Battery (dry)} workers.

Brick layers.

Drickynrd workers.

Briguet makers,

I3rugh makers,

Cable makers and Jayers.
Carboen blnek makers and users,
_Chimney sweepers,

Coal earbonizntlon workers,
Conl-tar atiil cleaners,

Coal-tar woprkers,

Coke-oven workers.
Cordage-faetory workevs.
Corkstone makers and carpenfers.
Oolioa spinnevs,

Orensoting plant workers,
Diesel engine attendants,
Wlectrical eqnipment manufacturers,
Tectrode makers,

Tingineers.

Toundry worlers.

Flghermen.

e cleaners,

Tuel oll gupplilers, irnck drivers,
Tarnace workers,

Qas house workers,

@aus (UInminating) workers.
Generator stokers,

Orensa 1Ionkeys,

Orease pit workers,

Ink makers.

Tnsulnfors.

Lamp hlack makers and users,
Machlinlsts.

Mechanles.

Metal workers,

Ollers,

01l reflnery workers,

QI well workers.

Ontieal lons grinders,

Ore flatation plant workers.
Palnt shrayers.

Parnfin distillory workers,
Parafiin plant workers,
Pavers,

Pharwaceuntical workers,
Plich workers,

Plastie cement workers.
Printers.

Road repalvers.
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Roofers.

Roolng-paper workers.
Rone malkers.

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

ghale oll workers,
8tokers.

Tank cleaners,

Tar patnters,

Tar paint munufacturers,
Tar workers.

Texllle workers.
Wuterproofers,

water proof paper maukers,
wood plcklers.

Wood preservers,

4, Exposure to chromium and chromium compounds (chromium metal dust,
chromates, chromium pigments, chromle acid, chromlmin carbonyl) {(with pos-
gible relation to cancer of the lung and nasal sinuses).

(a) Occupational exposure:

Abrasive makers,

Abrasive workers and polishers,
Asphalt vefinery workers,
Battery (dry) makers.
Bleachera.

Blueprint malers,

Candle (cotored) makers.

Coal tar workers,

Chromate, chrominm plgments,

chromie actd and leather
tanning compound manufac-
turers,

Chromlum ove miners and miners
of other metal oreg with chvo-
mium admixtures (cobalt),

Crayon and penctl (coloved)
makers,

Doek workers unloading chro-
mite ore.

Tlectroplaters,

Mlectrolytieal chrominm
manufacturers,

Inameclers.

Enameal makers.

Explosive manufacturers,

Turniture polishers,

Glass and pottery frosters,

Ink makars,

Linoleum worlkers,

Lithographers,

metnl

{¢} Occupational exposure—Continued

Mateh-faetory workers.

Mordanters

Paint manufaclurers,

Paiulers.

Paper dyers,

Paper makers,

Paper money makers,

Paper waterproofers,

Plhotoengravers.

Phatographle workers,

Photogravure wotkers,

Potlery glaze makers,

Potlery makers,

Printors,

Refraciory Dbrick malkers
THAS0NA,

Rubber vuleanizers,

Soap mukers,

Stainless steel workers,

Tannery worlkers.

"Textile dyers,

"Mextile printiers.

Texille walerproofera,

Wax-ornanient workevs,

Welders.

Waood stainers,

(V) Nonoceupational exposure:

Persons 1lving or working In fume
and dust zone of chromate
plants,

and

b. Bxposure to niekel and nickel compounds (nickel metal dust, nlekel carbonyl
vapors, nickel oxlde, niekel sulilde, niekel alloys) (with possible relation to

cancer of the lung and nasal stnuses).

Abrasive manifacturaers.

Cerawmle glazers.

Chemlical workers in operniions
using niclkel eatnlysis,

Coln malkers,

Hleetroplaters,

Tnamaelers,

Eunamel makers.

German silver mannfaciurers,

German silver smlihs,

Hydrogen manufnefurers,

1Monel metal makera.

Nickel alloy makers (coppev, sil-,
ver, aluminnm),
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Nickel-chrome alloy inanufac-
{urers,
Nlckel-ehrome wive manufae-
Lurers,

Niekel extractors.

Nicke! ore miners,

Nlckel ore smelter and refluery
workers,

Nickel polighers,

Nickel-steel workers,

Oh refinery workers,

Btorage battery manufacturers,

Trle manufacturers,



6. Dxposure to arsenic and arsenleals (arsenic metal, arsenlous oxide, ealcinm
argenate, sodinm arsenate, lend arsenate, enprie acetoarsenile, Parls green,
London parple, Scheele's greon, Schweinfurt green, Waolman salls, realgar,
orphnent, Fowler's solutlon, Donovan’s plls, avsplienamine, cacodylates,
Lewisite, Aslatle pllls, ete.) (with possible relation to eancer of skin, iung,
bladder, liver).

(a) Oecupational exposure: (@) Occupational exposure—Continued
Arsenle roasters, Pell and Loy igectory wovkers,
Artifiefal flower makers, 1’encll makers (eoloved).

Book binders, Phavrmaceutieal workers.
Bronze workers, Phatographery
Cannery workers yeceling frult Polson bait makers.

treated with insecticides, Pottery deeorators.
Citrus frnit ovehard workers, Pottery plant glave dippers and
Cotton plantatien workers. mixers,
Cut-glass workers, Dyri{es burners,
Dyers, Roulogravire workers.
Dyestufl makers. Rubber compounders.
Dlectropiaters, Rubber mordant mixers,
Enamelers. Rubber pressors.
Farniers. Rubber tire workers.
Ielt hat carroters, Senling wax malkers,
Ferro-silicon workers, Seamstresses handling fabric
IMur handlers and preparers, dyed or treated with arsenicals.
Galvanizers. Sticep dip manufaeiurers,
Gurdencrs, Smclters of arsenle, eopper, zine,
(ilngs mixers, gilver, lead ores.
(Alnss workers, Sultur burners.
Glue mannfaeiurers. Sulfuric acld workers.
Gold refiners. Tannery workers (earrviers).
Ink manufactnrers, Taxldermists,
Insectlclde manufacturers, Pextlle printera.
Ingectieide sprayers and dusters, Tinners,
Japan makers. Yelvet makers,
Jewelers, Vinery workers.
Lead factory workers, Vineyard waorlkers,
Lead shot makers, War gas manufactorers,
Tinolenm colov workers, Wax ornamaent worlkers,
Lithographers, Wenvers usIng yarn dyed with
Miners of arsenle, eopper, zine, nse of arsenteals,

gilver, lend oves, Weed killer manufneturers,
Oil eloth manufacturers, Wire drawers,
Oll reflnery workers, Wood preserve makers.
Paper (eolorved) malkers. e
Paper glnzors, Wood preservors.
Pnper hangers, Zine mixers,
Paper priniers, Zlne smelter chargers,

\
(b} Nonoecnpational exposure;

Userg of arsenie containing delnking weater, espeelnlly near arsenle ore
smelters and mines, of foodstuffs and tquor eontaminated with avseni-
enls,

Users of arsenic containing medicines (arspbenamines, cacodylates, Fow-
ler's golution, Aglatle pllls, Donovan’s solution, arsenious oxide in
tonies, nnilseptics, antipsorlnsis or cansiic olniments, antispasmodices),
gosmetles (haiv lollong).

Persons cxposed to inkialation of arsenleal dust spread from arsenle ore
smellers or iy dusting arsenieals from nlrplanes,

7. Wxposure to ashestos (sillcates containlng caleitim, magnesium, iron, nlekel
and copper) (with possible relation to enncer of the lung).

Artificialswood manufacturers, Asbesios-Insulation workers,
Asgboegtos constroel lon-matevial workerd | Agbogtos-mill workaorg (erushers, fiber-

{(mnlll-board, wallpoard, shingle, tlig, Izers, molders, earders),
movrtar, ellnker), Asbestos miners.
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Asbestos spinners

Ashestos-textile workers (eloth, blan-
ket, cnrtain, Sheets, ropes, covds,
twine, thread).

Ashestos wenvers,

Brake-lning mannfaciurers,

Broke-lining workers,

Crrpenters,

Dyc workers (acid and flreproot).

Tlectrie-wire manutacturers.
milter-materinl manufacturers,
Gaslket mukers.

Insulatlon workers (pipes, bollers).
Pivmbers,

Pump-packing meehanies,

Roofers,

Rubber prodielion workers,

8, Exposnre to solar radlation and ultraviolet radlation (wilh possible relation

to cancer of tie gkin},

Agrleuttural inborers.
Boatmen,

Cattiemen,
Construction workers.
Oowboys,

Drivers.

armers,

IMshermen.
Giardenery,

Tlerde1s,

Ilousge painters.
Lumberizen,

Miners worklng in stirfrce mnes,
Nurgerymen.

Oulfield workers,

O11 operators.
Pharmuceutical manufaciurers of vita-

min D.
Ruailrond englineers,
Rallroaa workers,
Ranchers.
Rond workers.
Rurul mail carriers,
Saiiors,
Sportsmen,
Stockmen.
Sunbathers.
Vine growers,
Weiders.

9. Fxposure to roentgenrays and radionciive chemienls (with possible velailon
to cancer of the skin, lung, bone, liver, and leukemia}.

(z) Occupational exposure:
Atowie energy plant workers.
Biologlsts,
Chemlsts
Gas mantle wmaafacturers.

Lahoratory tochnicians and atiendants,
Luminous dlal puinters, handlers and shippers, metnl serap handlers.

Nurses,

Pharmaceutien! workevs using v

active tracer substances.
Physieisty.

adiocaciive isotopes and makiug radlo-

Radoactive electrosiatic ellminator manufacturexs and opeta tors of such
devices in fextile and paper plants,

Radiotoglc technleians.
Radiologists.

Radinm taboratory workers.
Radlum refinery workoers,

[

Resoearch workers hanudiing radloactive isotopes and tracer substances,

Roentzen and radium technicians,

Roentgen mecihanies.
Reentgeo-tulie manufactnrers,

Roeentrenologlsts (medical, efeeirie industry, aviation,

metalluvgie, cheml-

cal, textlie, art and jewelry, shoe sales, heanty parlors, regearch),
Shoe snlesmoen n stores nsing fluoroscopes Tor fitting,

Uranlum dye mnkers,
Tennium giags makers,
Uranium ginze makers (tile).

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

ete.).
Uranhia paint malkers.
(1) Nonpccupntlonal exposure:

Customers of shoe stores using fluorescopes,
Patlents consuming vadlonctive sater for medicinal purposes over long

periods,

Palients recelving 1nrge doses of lonizing radiation for metiicinal purposes,

Peopie living In regions with radioactlve ores and drinking or

Laihing In

water of radionctive springs, ov residing n the waste disposal area of

radtogetive operations.
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APPENDIX B
Occupational Cancer Record

1. Name 2. 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. Dale of Death
10. Occupation 11. Industry or Business

12, Cause of Death 13. Method of Diagnosis:

Clinjeal ( ) Biopsy ( ) Autopsy { ) Other { )
14. Name of Physician - | 15, Street ] 16, Cuty
17. Clinical Diagnosis 18. Pathologie Diagnrosis: 19. Primary Sife
Micrcseopie ( ) Gross ( )

20. Date of First Symptoms 21. Date of First Visit {0 Physi- | 22. Date of First Diagnosis | 23. Stage of Diesase at First

cian Diagnosis

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




Tt

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

Dates .
Location of Plant

Nams of Plant Ty10 of Bitsiness or Product Made Title of Job Typt of Work Performed

From To

27. Exposure: (Investigator will name careinogenic substances to which employee has been exposed.)

Duration of Exposure Desertbe Typo of Exposire and

Estimate Percent of {,—F’mmg Time
Vears Months Exposed

Name of Sabstance Name of Plant Date of Last Exposure

28. Name ??y other important materials to which employee has been exposed. (Hobbies; Habits; Medicines; Cosmetics; Diets; Environ-
ment.

29, Athditigﬁnal Ingormation Obtainable at: Physician; Laboratory; Hospital ; Insurance Co. ; Plant Medical Departineni; Clinie; Tumor
Registry, ete. :

Name Address
:
i

30. Axy other information pertaining to tumor (Multiplicity, Sites, ete.)

- =

Rot=: More biocks shonld be sdded mnder Nos, 28, 27 and 28 an actus! record form.

Investigatar



APPENDIX. C

Occupational Hazatd Code
{Prepared in cooperation with Dr, H. ¥. Dora}

A, Abnorvinalities of alr pressure:
001 Compressed alr (imercased atmospheric pressure).
002 Altitude; ravefied alr (decrentsed atmospherie pressure)
B, Abnormalities of temperatore and humidity:
010 Henat.
011 Cold.
012 Suddew varlationg of temperature,
0. Dampness:
020 Dampncss.
021 Dryuvess.
D. Defective {linmination:
030 Defeelive Hluminallon,
D, Dust:
Organle dust:
040 Texille duat,
041 Tiowwr.
042 Sugar,
043 ‘Wood dusl.
044 Leather dust,
040 Fenthers,
040 Conl dust,
*047 'Nobaceo Qust.
060 Organle dust other than speclfied.
Inorgaule dust:
060 Abraslve dust.
001 Brick dust.
002 Clay dust,
068 IMMint dust,
004 Giass dust.
065 Rock dust
080 Quartz {nst.
007 Talc
¥068 Asrbeslos,
060 IXron orve,

B, Infections:

070 Inorgunic dust other than speclfled.

Amocbha and other unleellulay organising,
Bacterin and splrochetes,

Tungus,

Rickeitsin and relaied microorganlsms,
Virng,

Worms and othier multicellular paraslies,
Other parasites,

G, Rn(llﬂ*llt ChOrgy:

100
¥101
*102
*103
*104
*100

X-rays.

Radhum.

Radiothorium,

Mesothovium,

Itadloactive isotones,

Radloactive substances olhor {hian speelfled,

Uitraviolet and infrared rays:
*110 Ultraviolet rays,
*111 Infraved rays,

*Qarclnogenicity reeognized or suspected,
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H. Repeated
120

J. Polsonx

130
181
132
133
134
135
136
137
158
139
140
141
*142

*143
144
146
*14()
14
*148
*149
150
*1561
152
*153

#1554
165
150
167
158
158

*160
161

*162
163
161
105

*106
167
168
169

*176

171
172

*173

*174

*175
176
177
178

“179

*180
181
182
183
184
186
186

*187

*188
189

motion, pressuve, shoek, ete,:

Repeated motion, pressure, shock, ete.

Acetaldehyde,

Acetune,

Aclds, mmorganle,

Acids, organe,

Acridine,

Acroleln,

Alcohols.

Aldehydes,

Aluminum,

Ammontia,

Amy!l seelate; butyl acetate,

Ayl alcohol, :

Amline and other nmine compounds of henzol and Its homolognes;
acetanillde; naphthylamines; nitraniline; toluidine; xylidine;
cuwidine,

Anthine dyes,

Anthracene,

Auntlmeny and its compounds.

Arsenic and its compounds (except arseninretted hydrogen).

Arsenturetted hydrogen (arsine).

Asphalt, natural,

Azo conpounds,

DBartum,

Denztdine and derivatives.

Benzine ; gasoline ; naphtha, :

Benzol (heuzene) and its homologues (loluol and xylol) :
o-aminoazatoluene,

Deryllium,

Biomlne,

Butanone,

Buatyl alcobhol.

Cadmhum,

Calelum ¢yanamide (cyanamide).

Curbazoles,

Caibolle acid: lysol-phenol.

Carbon back,

Carbon dloxide,

Carbon @isnlphide,

Carhon monoxlde,

Carbon tetrachloride,

Cellosolve (mona-ethyl ether of elhylene glycol).

Chiloride of llme.

Clilorinated Giphenyls,

Chlovinated hydrocarbons,

Chlorinated nnphthalenes,

Chlorine,

Chloroprene (2-chloro-hutadienc).

Chromium carhouyl,

Chromium componnds,

Coal,

QOobalt,

Copper,

Creosote.

Cresol (cvegylle acld).

Cyanogen compounds, hydroeyanie aeld,

Dichiloretliylene,

Dichlovethyl ether.

Dimethyl sulphate,

Diultrophenol (1-2-4),

Dioxan (diethylene dloxide).

Tatrogens, synthetle,

Estrogens, natural,

Idthyl henzene.

T
sCarcinogenlelty recogolzed or suspeeted,
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J. Poisons-—Continued

190
101
102
103
14

106
198
197
198
199
*200
201
202
208
204
2056
208
207
*208
209
210
211
212
218
214
216
210
217
218
219
2120
221

222
*228
224

225
*220

227
228
*220
280
231
282
283
284
286
286
237
238
230
240
"241

242
243
244
245
*248
247
248
*249
*260

Ethyl bromide and ethyl ehlorlde,

Etbhylene dihromide,

Ethylene dichlovide (dlchlorethane),

Tthylene oxlde,

Bthyl silhicates; tetracthyl-ortho-silicate; tetramethyl-ovtho-
silleate.

Tormuldehyde,

Tormle neid,

Trarfurel, J

Gerinpuium eomponnds,

Glyeols.

Halogenated hydrocarbons, alipbatie (cblovine, bromline, inorine).

Halogenated hydrocarbons, arom:tle,

Nexanone (methyl buty!l ketone).

Hexone (inethyl lsobutyl ketone),

Hydrazines,

Hydrocltlorie aeld.

ITydrofluorie acid, fluorine and its compounds,

Iron carbonyl,

Isapropyl comnpounds,

Ketones.

Lead nod its compounds,

Lead arsenate,

Magnesinm,

Manganese.

Mereury and its compounds,

Methanol (methyl nleohol),

Methyl bromlde,

Metbyl cellosolve (ethylene glycol monomethyl ether),

dethyl chlorlde.

Mathylene chlorlde (dichlorometbane).

Methyl formate,

Mineral oll, ernde; mineral oil, proeessed or grease prepared by
fraetlonatlon or eracking),

Naphthols,

Nickel,

Niekel carbonyl.

Nlcotine,

Nitrobenzol and otber nltro compounds of benzol and its homo-
logues; chlorodinitrohenzol; chloronitrobenzol; dinltrobenzol;
nitronaphthaleno; trinkirotoluol,

Nltroglycerin,

Nitvans fumes and nitrie neld.

01, shale,

Oxalie acld,

Orona,

Paraffin; paraffiin oil, erude.

Pentanone (methyl propyl ketone),

Petroleumm,

TPhenol.

Phenyl hydrazine,

Phosgeno,

Phosphorus, :

Phosphuretted hydvogen (phesphine).

Pierle aeid (trinitrophenol).

Polyeyelle hydrocarbon, e, g, benzpyrene; methyleholanthrene;
({henz-carbazole ; varlous derivalives of henzanilirpcene.

Poarphyrins.

Potassium hydroxide,

Pyridine.

Quinones,

Seleninm eomponnds.

Silver,

Sodlmu hydroxide.

Sodimn nitrate, erude.

Soot,

*Carcinogonlelty recogntzed or suspeeted,
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J, Poisons—Coutinued
¥251 Soot (lamp hlaek, earbon biack, gas black, ete.),
*252 Spindie oll.
%268 Sterols,
254 Sulphur chloride,
225 Suiphur dlexlde,
258  Sulphuretted hydrogen (hydrogen sulphide),
257 ®ulphuric acld.
%958  Tar and piteh; artificial agphalt; bitumen-lgnite,
250 Teiturluin compounds,
5200 Telruchlovethane (acetylene {etrachloride),
#9¢1 Totrachlorethylene (perchlorethylene).
262 Tetraathyl lead,
203 Thallinm.
264 'Rin.
266 Titanium oxide.
#2408 Trichlorethylene.
267 Tnorihocresyt phosphate.
208 Turpentine.
965  Uranium.
270 Vanadlum,
271 Vinyl chlorlde.
972 Zlne; brass, metal fume fever,
278 Styrene,
K. Tranma (not covered In any of the above) :
Chemlical:
800 Chemical, acuie.
801 Chemienl, chronic.
Physical:
802 Mechanical, acute,
303 Mechanical, chronic,
*804 Thermie, acute (burn).
*305 Thermle, chronie.
Seary, fstulas:

*300 Sears, fistuias, ete,

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

+Caroinogenicity recognized or suspected,
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APPENDIX D

Plant Survey Record DB oo emmem
1. Compfmy _______________________________________________ 11. Number of employees:
2. ToCRtOn e eecmerccccmmmmmeecesmsam—m—-—m—w=———e—es
8. Plant MONAGer oo oo oo mmm e —mmm—m—m—m—m——m o Production Offce Total
4. Plant physieian - oo mm oo Maleﬁ ______________________
. ) 142 S
5. JnSUrance CaIrier oo ooa-mmmoo-omesommmosesovesooosoos Colored. T
6, Tn operation SNCe oo oo mem oo m— oo Fmavlgﬁ-e --------------------
%, Products Mmanufactured  .—mm-o-ocecmmmmmmmmemsmm—r——-= Colored -T2
8. Rnown or suspected carcinogens o coomomemmmmmmmmem o Total. oo oo oo
9, Medieal SETVICe o ercrccmrmemmmm—emcmmeme—e—sems e ae
10. Rate of labor turnover. . —ccccee-- percent annually o -—-
12. Cperstions involving known or suspecied carcinogenle hezerds— Duration of exposure
Operation Number of employees Type of exposare Routa of exposure for worker (years)
Mzale Femsle
Total w P p— c Constant é;nu“’gt Og;uﬂsi- Inhalstion Sk Ingestion Other Average Longest
8.
b.
c.
Pre. or peri-canceroas effects noted Cancers noted
Site Number Dates Bite Number Detes
a.
b.
e.




