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INTRODUCTION

Environmental cancers are malignant tmmors which are usnally
ecaased by prolonged exposure to exogenous agents of various types.
In o few instances, these environniontal eancer-producing factors aro
well-defined physical ov chemical agouls; in others they are variable
and undetermined mixtnres of chemieals; while in a third group
tho cancerigenic oxposure 1s represented by contacts or conditions
of a vather vagne nature. The different anvironmental carcinogens:
which foun a parl of our natural or artificial environment are prac-
tienlly the only known causes of cancor in man ab tho present time,
and for this reason have consideranbls general significance.. Bxposure
to these factors is related to oceupational activities, medicines, diets,
cosmetics, building material, habits, customs, climalo, favm, cont;amx-
nants of drinking water, atmosphemc air and foodstufls, and proce-
dures of warfare. Sinee pravention of cancer depends fandamentally
* on adequaie information as to its olislogy, the study of enviromnental
cancers, whieh may bring vastly incéreased knowledge as to the canses
of all types of cancers, is one of the most impoviant approaches ta a
future contrel of cancer. Environmental cancer surveys which are
directed at this goal represend, therefere, a basic step in the develop-
ment and institntion of preventive eancor conirol measares,

A. THE NATURE OF THE PROBLEM

~ Investigntion into the epidemiology, etiology, and control of en-
vironnental cancer depends npon the application of knowledge and
approaches peculiar to this special type ol hasard, Often these factors
may not be adequately considered in the nsual studies of Laxic indus-
triel health hazards and differ in some respecls {from those used in
epidemiologic investigations of infectious diseases.

TFor example, some of {he environmental carcinogens, snch as beta-
naphthylamine and bonzidine, scarcely ever canse toxic manilesla-
" tions, In most instances, the carcinogenic process elicited by these
sromatic amines in the bladder is-symptomatically silont during a
latent period that lasts from 8 Lo 25 years. Industrial health surveys
limiled io the demonsiration of acule or chronic toxic reactions and
disregarding the peculiar nature of these earcinogenic hazards would
ail to diselese the sevions danger to exposed persons.

Other environmental carcinogens, such as benzol, ionizing radia-
tions (X-rays or rays from radiomctive subeiances) will produce



sovere degenerative and necrotizing veactions in the tissues ns the
‘result of brief but intense exposuve. This more striking effect can
~ ohscure the facl that less severe but more prolonged exposure may
produce cancerons responses in the same {ype of tissne after 2 long
Tatent period. When thess two different types of renction are seen
in members of a surveyed occupational group, their eticlogie kinship
may not be apparent.

Moreover, the long latent period characteristic of environmental
" eancer foxmn.tlon tends to hinder the recognition of causal relations
between the exposure Lo esrveinogenic agents and the subsequent de-
velopment of cancer,

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

One purposs of environmental cancer surveys is to collect data on
the oceurrencs, incidence, types, and causes of these malignant tumors
and their precancerous mmufestﬂtlous, on the routes and types of
exposure to the earcinogentic agents invelved in their preduction, and
on the physiochemical states and properties of these agents. Only
through such information is it possible to establish the priuciples
upon which effective mensures for the prevention and control of en-
vironmental cancers must be based.

Ancther purpose of occupational cancer surveys is to determine
which persons may be effectively exposed to environmental carcino-
gens and thus become potential victims of envirommental cancer.
Since the development of such cancers depends on a number of asse-
cinted factors, enviranmnental cancer surveys must obtain reliable dala
" for an adequato number of cases on age, sex and race, as well as the
degree, natnre and duration of exposure, and the length of latent
period. Information on the approsimate minimal effective exposure
to any particular envivonmenial careinogen and on the expected lntent
period is essential in establishing standards for precautienary and
preventive measnres,

A final objective of occupationnl eancer sm»vqu 18 the ceileetmn of
specific technical information needed for the institution of adequate
centrol measures. These data can benefit industry-by aiding in the
design and introduction of effective technical measures for protection
of their personnel. The evidence acquired through snch surveys
should alsn provide a sound nnd appropriate basis for drafting proper
and uniform industrial disease codes, food and ding legislation, and
workmen’s compensation laws covering the varied and complex {ea-
tures of envirenmental and oceupational eancer hazards.

1. Occupational Carcinogens

Occupational carcinogens, known or suspected, cover a w ids yange
of inanimate and anfnnte agents. This apectrum, summarized in tabfe
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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 ihe parasite, Solistosoma hesnatobium, the only generally
recognized animate carcinogen, which sattacks outdoor workers in -
Egypt and other tropieal countries, inducing a form of bladder cancer,

Table 1. Recognized and suspected occupational carcinogens

1. Chemileal enarelnogens:
{#) Ovganle chemicaly:
(1) Avomatle ehemicals: Bela-naphihylawmine, benzidine, antline
(7}, benzel, tar, plich, nsphult, soots (domcestie, Industeiai,
and conrmaveint), gshale oil, ernde parafin ofi, erude nothen-
cene oll, ereosole, lnbvienting and fuel olis and greases, syn-
thetle estrogens (7).
(2} Aliphatie chemieals: Xsopropyl oil (2).
(b} Inorpanic chemdeals: Arsenieuls, chwomates, nickel earbonyl (2},
asbesios { 1), beryllium (7).

9. Physglenl earelnogens: Nonlonizlng eadigtion-ufien viojel rays, lonizing
radistong-corpnseniar rudiationg (alpha and beta vays) and clectronic
radiations (gamma and X-rays).

8, Parasitie eaveluogens: Selisiosoma henatobinn,

Tt must be pointed oul that the varions.environmontal eavcinogens
differ consicterably in their potency not only from each other but also
among members of the same type. The carcinogenic potency of dif-
ferent types of tar vavies greatly, gas-house and coke-oven tar being
ilie most potent. Shnilar variations seem to exist regarding the
eareinopenicity of the various types of soob and tho differont kinds
of natural and processed pelvolouns, many of which are noncareino-
gonic. Bete-naphthylamine appesis to be much moro carcinogenic
than benzidine. :

Tho data on oesurronco and incidenco of occupational cancers, as
they appenr in published reports, ave vory inadequate. The aciunl
nwumber of cancers which ave ocenpational in origin is nndonbtedly
much higher than is appnvent fromn the recorded observalions. Since

"it is often diffienli to establish thoe occupalional eausalion of cancer re-
sulting from exposnre to known eareinogens (often many years pre-
viously), and becnuse the medical profession is to a certain extent
insufficiently swaro of the existence of occupational cancers, sven
cancers produced by vecognized occupationnl earcinogens ofton escapo
recognition as such, Furthermore, it seems highly probable thal
many eccupational carcinogens ave still unknown, and, in view of {he
fact that new industrinl eomponnds ave being synthesized and manu-
factured every year, the speclrum of induslyial carcinogens may ho
growing oven wider, .



2. Nonoceupational Carcinogens

Qcenpational cancers belong to the lavger group of environmental
cancers produced by contact with exogenous agents, Contact with
" carcinogens may also be velated to habifs, hobbies, diet, medicinal
agents and devices, and other nonoccupational environmental factors.

The known nonoccupational carcinegens are summarized in table 2.
They includa many agents pecnliar to certain cullural and geographic
groups not found in the United States (such ns the kangri and chutin)
ag well ns such almost universal agents as solar radiation, soot, and
arsenic. As in {able 1, ihe fact is indicated that many of these car-
cinogens are not yet proved but are only suspected on the basts of
limited evidence. Collection of additional ovidence in these flelds
may not only point out hazardous habits or nsages, but may also
reveal hitherto unsnspected occupational carcinogens. Data provided
by occupational cancer surveys ave the only source of roliable informa-
tion on the minimum eflective exposure, maximum and minimum
lengths of latent period as related to degree of exposura, and on other
impartant aspects of envivonmental carcinogenesis,

Table 2. Recognized and suspected soprces of nenoccupational envison-
mental cancer

Muthod of exposure anst carclno;xcn . Polentlal alies of eancer
FARBITS:
Smoking (tar) (?) or chewing of tobasceo  Lip, fongue, oral envity,
(khaini), lavynx, lung. ,
Betel nut-lime-tobasco quid chewing. .. oo ... Lip, tongue, oral cavity, eheelk.
Chewing of tar, paraffin, eto. (1) weeacnn s Oral cavity.
CUSTOMS:

Carrying of special heating devlces bencath  Skin,
clothing neav abdominal skin (kairg,
kangri), or slecping on hot stoves (kang),
eausing buvns and exposure to tar and soot,

Brmoking of cigava with lighted end in mouth Orsl ervity.
(chutts) (tar and burn injury).

HORBBIES AND HOME ACTIVITIES:

Gardening "with_oxpostre to solar rays, and §kin, Internal organs.
arsenienl and other chemical pesticides
{zoot, ato.).

Sailing, fishing, golfing and other forms of out- Hkin.
door sports with exposure to solay radistion.

Home-engingering with contact with mincral Do.
ol devivatives %?).

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



Table 2. Recogunized and suspected sources of nonoccupational envirvon-
mental cancer—Continued :

Method af erposure pnd rarcinogen

1

Potential altes of concer

HOBBIES AND HOME ACTIVITITES—Con.

Uso of chiorinated aliphatic bydreesrbous in
cleaning fluicds with bepnlotoxic properties
modifying metabollsm of endogencuy and
axogenoug carcinogens (7).

Liver, intornal organs,

MEDICINES AND MEDICAL DEVICES:

Arsenienis. c oy e e s n v u .
" Tar, impure vaselino and minoral oil........

Ilepartotoxia chiemicnls {ehlorinaied aliphutic
hydrocnrbons, cinehophen, ote.} (7

Hemataloxic chemicals (bonzol, sulfonamides
(?) aromatic organic chomieals) (7).

Ultrnviolot radistion

. e ey W e W e A b B2

Radiosotive ehemicaln (ionizing radiations). .

Skin, internal organs,
De.
Liver,

Loukomia,

Skin,
Skin, bone, leukomia (7).

Slcin, bono, lung (7) leukemia
) Hver (7).

DIETARY FACTORS: ‘

Dictary iodine defielongy.. . cvvnmncavnnan “nn

Digtary protein and vitamin B complox
defigicnoy.

Dietery vitamin B complex doficiency.... ..

Arsonical contaminants in food, drinking
watar, air.

Tloated minera) ofl as fat substitute in baked
poods (7). -

Thyreid.
Liver,

Laryngophatynx,
Blin, internal organs.

Tnternal organes.

COSMETIC FACTORS:

X-radiation for deplation. . e o ceevanman-
Ultraviolet lamp oxposure for tanning (D
Arsenieals jo hair lotions and tonies (Newe.. o
Lamp bldack in oyebrow ponoeils (Gary (...«

Impure vaseline and minersl oils in ointnents,
ereams, otc,

Istrogons in glin ereams (1) oo nennacaann

Impure anjline dyces in lipstioks, ote,, contaln-
ing dyo inkermadiates (7).

Skin.
Do,
Do.
Do,
Deo.

Brenst,
Bladder,

QTITER BENVIRONMENTAL FACTORS:
Tar and so0t in atmospheris alr (Paeeeneenn

Dry and sunny cllmate with oxcesslve solar
irradiation.
Parasitic infections {schistogoiniasie)u. ...

Ionijzing vadintion in water and aly in regions
with radionetive ores (1),

Tang, skin (7).

Skin.

Bladdor, liver, intesfine,
Lung, Dono, hemsatopoletio
ijasus.




3. Industrial and Public Health Hazards

At the present time, environmental eancer appenrs primaril
industrial problem, although it extends into many nonindustriz
pations. Fully 90 percent of the known environmental carci
never existed in dangerous concentrations mntil the developn
" industrial processes which brought workers into {requent an

countact with them. As the injurtous agents have made their ¢
ance with the growlh of various industries, eancers have de
among expased workers. Perhaps one of the most striking ex
of this pattern is the appearance of bladder cancers among dye
subsequent to the establishment of aniline dye industries in
conntries. Observations in many industries indicate that, ;
known occuputional careinogen and the proper conditions of ex
the appearance of cecupational eancers becomes merely a que:
time, i. e., of sufficient latent peried since tho stavt of the op
Clearly such hazards constitute an industrial problem dew
intensive study and control efforts.

Sueh industrial carcinogens not only provide o serions he
the exposed workers but may possibly also affect the healtl
general population throngh various voutes of contact. Carci
agents produced or hdndled in industrial operations, workshe
laboratories may enter the air, water supply, or soil after be
charged as waste. Persons living or working in the fome ¢

" disposal aren may thus come into effective contact with the
gens,  Contuninated clothing worn by workers in eaveinogeni
tions may also create o hazard when lavndered without
precautions in the factory, home, or commereial laundry.
possible extension of indnstrial hazards to the general popu
the incorporation of cavcinogens inlo goods for general cons
either as essential parts or as contaminants. Of course, t
or similar extrinsic earcinogens which appear as industrial
mey also be part of the general artificial or natural environm
independent of any indnstrial operations,

Information and conelusions drawn from occupational en
veys, therefore, will have applications that are not restricts
industrial or occupational Reld, but may have relevance to tl
problem as a whole. Since environmenta) eancers represent
majority of those eancers whose etiology is known, observati
in refation to these tumors have positive and immeciate vale
study and possible future control of the many types of humy
whose causes are still unknown,



B. TYPES OF ENVIRONMENTAL CANCER SURVEY

To nttain the objectives discussed above, severnl approaches may be
used in environmental cancer surveys. The first method suggested,
analysis of death certificates, provides a preliminary or exploratory
approach which may give valuable clues and point to {ruitful fields
for further investigaiion. 'Tho second approach, occupational history
studies of cancer deaths, involves tracking down possible occupational
factorsin theeticlogy of individual cancer cases. The third approach,
tho plant survey, is essential for determining precisely which workers
come into dangerous contact with carcinogens, how wmany may be
affected, through whieh route the exposure takes place, what orgun or

organs develop cancerous vesponses, and other important aspects of
" occupational cavcinogenesis.

For the organization of an oceupational cancer survey on o State
Jovel, it is essential that close cooperation be established between
-yavious State agencies (department of health with its divisiens of

cancer control, industyial hygiens, and vital statislics, and depariment
of labor) and that contacts be made with the State medical society
(committees on cancer, industrial medicine, public relations), locnl
tnmor registries, and, whero niecessary and desivable, the State asso-
ciantion of clinical pathologists and publio health nurses agsociation.
The over-all direction of such a survey should be provided by the
depariment of health and the work shonld bo carried out by cither
the division of cancer control or the division of industyial hygiene,
dcpending upon which one ol these two ageneies appears best suited
and cquipped for the work., Since oecupational cancer is mainly a
biological phenomenon, it appears reasonable to placo in charvgo of
the project, n physician experienced in eancer, industrial medicine,
or-both.

1 Analysis of Death Certificates

‘Working on the premise that certain occupaiional activities or con-
{aet with various occupational or environmental ngents result in an
abnovmally high incidence of total cancer deaihs, us well as in an
abnormnl distribution of cancer as to sites, the effects of such factors
on local cancer mortality might be demonstrated through a critienl
analysis of data recorded in death certificates, 1f such snvironmental
carcinogenic influences ave sufficiently pronounced and specific in &
cerlain area, and the worker population is relatively stable, it might
be profitable to plot the loeal distyibution of cancer deaths as to total
number and as to sites.  Comparison of these data with data from
an area having e different envivonmental and, particularly, cccupa-
tiona! carcinogenic spectrum should reven] suggestive relations be-
iweon these Pactors and eancer incidence. By comparing the rela-
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tive frequency of eancer cases for various sites in the region under
stndy against the normally expected frequency, it may be possible to
locate regional foci of carcinogenic sxposure—plants, industries or
cceupations which deserve further investigalien and in which pro-
{ective and proventive measures ave needed.
To establish such correlations, nol only the residence bul also the
 place of employment must bo noted and evelnated. For the purpose
of such analysis, the map of the survey aren may be divided into
regions with more or less well-defined environmental patterns—in-
dustrial, ngricnlture, urban-commercial, maritime. o

Within the industrial regions, establishments sheuld be noted which
provide known or suspected earcinogenic hazards. Suach industries
may include tav, pitch, asphelt, and creosote producers and con-
sumers; organic chemical, dye, and pharmacentical mannfacturers;
rubber producers and processors; paint manufacturers; distitters and
‘yefiners of petvolewm products; smelters, rofiners, and uvsers of non-
ferrous metals such as copper, nickel, zine, silver, and chromium ; pro-
ducers and users of radioactive substances; glass and potlery manu-
facturevs; makers and users of metallic abrasives; textile makers and
dyers; and others, Appendix A provides & move exiensive, although
by no means complete, listing of ocenpations in which earcinogenie

" inflnences may be suspected.

In addition to name, vesidencs, age, sex, eause of death, and place
of death, information on individual cancer eases which may be ob-
‘tained from death certificates will include occupation, indusiry or
buginess in which the deceased was employéd, and socjal seenrity
number, These data appent as items 1 to 18 on the Occupational
Cancer Record blank given as appendix B. . '

Tor purposes of analysis, it will be necessary to code this infor-
mation and transfer it to punch cards, Whenever the nature of the
information makes thig possible, item 11 {indusiry or business) shonld
he eoded in thres ways: _

{a) By oeccupnation, according to the Alphabetical Index for Qo-
cupations and Industries, 16th Census of the United States,
1940, Burean of the Census,

(b) By specific ocoupationnl earcinogenic hazard, according o
the Occupational Hazard Code, appendix C.

.. {a) By place {community or region) of occupational astivity.
~ Bince information recorded in death.cevtificates is known to be
often unrelisble, and beeause death certificates do not give any data on
length of residence, length of employment in last oceupation, or
previous ocoupational employments, any conclusions drawn from a
statistical analysis of this nature mmust be merely suggestive. In
some ingtances, they may even prove mislending, and any report based
on such an analysis should emphasize the limitations of the technique.
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It proper consideration i3 given to these limitations, however, bic-
statisticnl studies of this type may yield valuablo clues that can be
followed up by other types of epidemiologic investigations, ag, for
example, those described below.

2. Occupational Histoty Study of Cancer Deaths

Using as- o basis the mformation obtained from death certifiontes,
it is possible to study the oceupational hislories of selected cancar
enses in order to discover possible cavsal {nctors.

The available evidence indicates that al Jeast some of tha cancers
involving certain organs (skin, lang, nasal sinuses, bladdar, bone,
bone marrow) ara caused by oceupational or envirommentsl careino-
gens. Loess conclusive evidenee, such as geographical, topographieal,
age, and sex distribution, jinplicates envivonmental and possibly oc-
cupational factors in the production of eancer in other organ systems
{ gastrointestinal, nervous). By tracing back the onvironmantal and
oceupational histories, and, whare possible, discovering other oxoge-
nons agents Lo which the cancer patient was exposed, it nay be possible
to substantinte Turther theso findings, discover hithorto unkneown
earcinogens, and determine the ineidence of various types of cancer
in different occupations and industries.

In planning such a study, proper consideration must be given lo
tha faet that these tumors usanily result from oxtonded exposure and
appear only after long latent periods, the latier ranging ordinarily
from b to 25 years. It is necessary, therofore, Lo ascertain the occu-
pational and nonoceupational exposures for as long as possible a
period preeeding death. Such information should include, in ad-
dition to the names and locaiions of the various amployors, detniled
information as o the typo or Lypes of operations in which the in-
dividual was employed, the physieal ox chanjeal ngonts Lo which the
individual was exposed; and the lengih of omploymeut in the various
ocoupations. Whenever possible, in formation on injuries and discases
sustained duving the smvey period should also be collected, as thesa
mny indieale specific precancerous or pericancarons reactions, (Seo
C-2.) The type of information vequired appears on the Ocenpational
Caneer Reeord (appoendix B) as items 17 to 30,

Data on the employment history of the decensed may be obiained
from # mumber of sonrces, including the last attonding physician;
hospital records; employors and {hoir insurance carriovs; institutions
such as homes for the aged, sanitariwns, mental institutions, infir-
ingries, ole., in which the deccesed may have beon an hmnate.

Aftor the piaces of employment havo thus been asceriained from
one or more of these sources, it is necessary to oblain detailed informa-
tion as to the type ol work performed and the types of oceupational
and nonoceupational agonts with which the ecoased camo in contact,
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whenever availahle information suggests the possibility of earcino
genie exposure. Data on the duration, intensity, and type of ex-
posure should complete the information regnived. From e eritienl
svalnation of the information collected for each case, it is usually
possible to appraise whether or not one or several beenpational {actors
might have played an essential vole in the production of a partieniar
cancer, {See C-3.)

Through this appronch it is possible to aseertain Dot only the
extont of kmown oecupatioual cancer hazards in a given arca but to
uncover also new industrinl carcinogenic agents and foci. The pres-
enco of the latter will ba indicated by the predominance of certain
types of eancers among individuals sither engaged in a specific opera-
tion or coming' in contact with some particalar agent present in and
common Lo different operations.

3; ‘Iadustrial Plant Sutveys

The individual plant survey is neeessary to determine precisely the
location and nature of suspected carcinogenic exposures. In ordoyr
to discover whether such hazards nctually exist in a partieular plant,
their nabwre and node of operation, and how they may be eonirolled,
16 1 necessary to know as accurntely us posstble the number of persons
who have been exposed and the number showing effects, the nature
of these effects and the type of the contact.

Tor the efficient planning and conduct of sueh plant surveys, it is
desirnble Lo start by oblaining some basic information on the ndivid-
aal -industrinl cstablishments within the study ares. These data
should include plunt location ; duration of operation ; typs of medical
service; names of plant manegey, plant physician, and insuranes car-
vier; number of employees; raw materials used and gooda produced;
and nny cvidence of suspected o established carcinogenic hazards.
The Plant Survey Reeord form, given as appendix D, shows these
data as items 1 to 11,

_This preliminary survey need only be approximate and i intended
merely Lo 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 availability of amployment, medieal,
-and insuranee recerds. -

Since several years of contact with the earéinogenic agent are usually
required for effeetive exposuys and sinee the Intent pevied is seldom
ghorter than § years and sometimes more than 23 years, eancer records
of industrial operations should be obtained for us long & peviod as
possible, up to 30 years or more. Occupational cancer surveys are
never spot surveys bub always time surveys. '

Howaver, the biologieal and epidem iologie behavior of oeeupational
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cancers-makes its rdvisablo ta survey establishments that have been in
operation for as Little us 3 years. Workers in such plants may have
alreudy developed precaicerous and perieancerons lesions, especially
if 1ho careinogeniv hazavds nffect the slkin, bladder, bone, or hema-
topoietic tissus. Itis nulikely that within such a short period, cancor
ativibatable Lo oceupational exposure will eeeur fu statistically signif-
ieant numbers, bul tho timely recognition of these nemmalignant le-
sions M4y SCrve 48 i warning signal and hasten tho introduction of
adoguale preeantionaly measnres, forestalling the appearance of an
epidemic of oceupniional cancer ut soulg laier date,

In surveys of this type, the chiel effort should be expended on dis-
covering and analyzing personnel cirently or formerly cplayed in
operations with apprecinble yecognived ov suspected caveiogenic
hazards, These persons are thie actunl test subjects which may
_ demongiyate the Lype nnd degree of huzard through significantly ele-
vated eancer incidence rales. Only when these studies demonstirate
tho existetea of an ocenpational eatcinogen is it advisable to extend
{he investigation to groups of workers exposed Lo o lesser degree so
as Lo determine the wider scope and ramifications of the hazard,

Informuaiion on the health and on other oceupational exposures of
these persons iy be obtuined through the occupaiiousl histovy
studies of cancer deaths, ns described above; plant employment rec-
ords; plant medienl records; insurance gompanies; hospitals; physt-
ciang; inglitutions; and soeinl seeurily reeovda.

To oblain relinble incidence figures, tho present health stalus or
enuso of deatl should be determined whenever Leasible for all workery -
eurrently or foymerly employed for an adequnrie period in operations
with enreinogenic hazards, ‘

Sines ocenpational eancors have a lnteut period {hat 1s usually more
than 5 years, if the plant has n fuivly rapid Inbor torn-over, it may
ba fonud thal no workers in apporently ear snogenic operations ars
suffeving from cancer ov even from preeancerous lesions.  Indeed, tho
~medicn] records of the plant or ils fnsurer may show no occupational
encer throughout the entive period of oporation.  Tlowever, it may
Lo discovered, by following np forier einployees, that some porsons
liavo doveloped occupational cancors possibly ailributable (o the
enreinogenic ngent to which they woere exposed from 2 to 30 yours
enrlier. Labor twrm-ovor may, thorofore, totally obliloralo any ovi-
donco of cuncorons ronctions in persons expescd unloss adequats
follow-up stndies of former employees avo made over o peviod of
snificiont longth, suy L5 to 80 yenys.

Clonsideration must bo given, moresver, Lo the fadt that, employees
with oceupulional eancor or with therapentically controlled oecupa-
tionn] cancer are, in gavoral, not continned in oporations with earcino- -
gonic huzards, In somo astablishinonts, howover, this practico is not
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follewed as it is hold that removal from the hazordous occupation -
docs not, improve the ultimate prognosis, and by continuing the em-
ployee in the ocenpation the absolute number of parsons so exposed
is held ot o minimum. This practice, on the other hand, tends to
inerease primary cancer ineidence among exposed workers,

Tt is usually found that varions employee groups are exposed in
widely differing degrees to any carcinogenic agent or agents that may
bo present.  Office workers, for example, are net ag o mule gignificantly
" “exposed {o indnsleial carcinogens unless the administrative quarters
form an integral or closely related patt of the production zone, thereby
cslablishing divect eontact; or unless the disposal of carcinogenic
wastes, such as fimes, dusl, vapors, gases, inist, vepresents an environ-
mental hazard in the office area. Not infrequently it is found thai
only relatively small groups of workers have effective conlact with
carveinogons.  In gome incustries, however, sueit as chromate opera-
tions, practically all produclion workers ave exposed Lo carcinogenic
ngents Lo some degree, R

The investigations shonld be extended not only to individuals regu-
largly employed in hazardous operntions or eongiantly in conlaet with
earcinogenic ngenls, bui also to those entering the hazardons avea or
coming into coutact with carcinogens ab irregular intervals, Inter-
milient, irregular, or rhylhinic exposures of varying intensity may be
susteined by such workers as watchmen, repaivmen, packers, shippers,
truckers, sipervisors, elerks, conlrol chemisis, guards, and yardmen.
Considoration should also be given to workers charged with the dis-
~ posal of wastes and emptied containers of careinogenic materials as

well as to Lhose workers who mdy become exposed Lo an appreciable de-
greo ihrough work in noncarcinpgonie operations located mear the
hazardons one, and thereby possibly hecoming exposed to carcinogenic
gases, vapors, fumes, dusts, ele., originaling from the latter.

Through investigations within the plant, exacl information should
be obtained as Lo the nature of the suspocted earcinogenic agents; type
and rente of conlact to which employees are exposed; and the type
and intensity of snch hazards and thelr possible varintions doying dif-
fovent periods of operation of the plant due to changes in manufactur-
ing methods and in raw materials used.

. Moreover, record shonld be made of any differcnces in the degres and
{ype of sxposure (skin contact, inhalalion, ingestion) and the phyeico-
chemical status of the agents (dust, fumes, nist, spray, vapor, gas) n
difforent parts of the snme operation and in different parts of the plant.
Speeial attention should be paid to ascertaining the particle size of
dust, fumes, mist, ete,, as this faclor determines to a cortain degree the
saverity of exposure to respirslory cancer huzards. Such distinctions

_are indieated for chemiieal ag well as physical earcinogenic agents.
Differences in this factor affeet' not only the incidence rate of eccupa-

12



tional cancers among various groups of workers but may alse be of
distinet influence in determining the gite of vesulting cancers.

To assay cancer hazards in industry, (he plant wust be surveyed by
a treined observer as only such a person can detect the potontial danger
points. In carrying oul such plant snalyses, it may bo wisa to follow
these suggeslions.

(@) The investigater should be thereughly familiar with the pro-
duction methods and with the materials handled and manulactured in
the plant. e should be able to note any irvegularities or excoptions
. from usual procedures and readily detect areas in which carcinogenic

hazards may exist.

(b) Studies shonld be made when tha plant is in operation, Con-
ditions of exposure and observanca of precautionsry measures by
‘workers and management can be properly studied only under working
conditions. Moreover, theve is an opportunity to study tho physical
appearance of workers and, with permission of the management, make
personal inquiries of foremen and workers in rogard to suspected
hazavds, ' '

(0} Sinco visits of this sorl may be announced well beforelumd,
there is an opportunity for cleaning np any operation. Such a pro-
cedure may result, unintentionally, in tha obliteration of impertant
ovidence. It is, therefore, advisable that the inspector look closely
at the condition of windows, corners, nooks, ledges, surfaces and joints
of pipes and duels, and obher machinery for evidenco of poor house-
keoping, Arrangement and effectivanoss of exhaust veniilation shonld
bo Lested.

“{d) Any survey should include the yard and adjocent buildings,
- packing and shipping facilities, and disposal of wastes and emptied

conteiners. Finally, the study shonld bo extended to (he neighbor-
hood of the plani, noling unusual offects on color and surfaces of
ltouses, vegetation and animals, snd condition of drinking water in
order to discover any possible effects on the environment of carcing-
genic agents haudled or prodneed within the plant. "Whoro evidencs
indieates the environmanial spread of an océupational cancer hazard
lo persons living near the plant, the survey should be extended to
the pepulation living or working in the vicinity of the plant, and may,
il feasible, include an epidemniologic study of cancer among wild and
domesticaled animals in the area,

(¢) Contact should always be made with the plant physician and
informalion oblnined as to the type of medical supervision, the type
of medical facilities availably, and the employment and medics) policy
observed in connection with workers who have developed preeancerons
or cancerous lesions, '

(/) Through careful quostioning Llie investigator should discover
any changes made in production; handling, and precanlionary meps-
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ares employed during the period of plant operation. Such changes
may have a {avorable or adverse effect on (he conditions of exposure.
The direction of this influence may sometimes be rather unexpected.
For exumple, improved production methods and pregautionary meas-
aves which may reduce the concentration of earcinogenic dust in the
stinosphere muy also increase rather than dimimsh the degree of
exposure, In order to obtain better yields in produetion, the car-
einogen mny have been more fnely powdered, thereby enusing a dust
which reaches the deeper regions of the bronclual tres. The con-
sequent intensification of the curcinogenic effect causes an increased
incidence and a shortened latent period of the resultant eancer of
the lung. A corresponding resuls may follow when & mist hezard
is converted inta & vapor hazard, or dust hazard into a fume or vapor
“hazard, .

Changes in the physico-chemical status of the earcinogen may vesult,
moreover, in a shift of the site of the ensuing cancers. (See C-1.)
Althongh it is not likely that a carcinogen present in mist form may
reach the nasal sinuses (unless these have become abnosmally acees-
sible through operative procedures, such ag are performed for the
velief of chronic sinusitis), cancerons reactions of the sinus lining may
be anticipated i the carcinogen appears in the form of o vapor ov
gas that ean enter the sinuses and be trapped, eondensed, and retained
in the eavity,

In investigating the cffects of such changes in production methods,
the investigator must constantly bear in mind that, as & xule, effects
do not become evident undil a lug period of at least 5 yeavs, covrespond-
ing to the usval Intent period for the type of eancer, has clapsod,

Detailed information should be obtained on the preventive, prophy-
Inetic, sanitary, and medicnl mersures laken by plant management for
veducing or eliminating the eancer hazard and of the dates upon which
_ such measires were introduced, The{ype and extent of precautionury

" measures taken; extent of medies] supervision; and follow-up of
former workers and of workers shifted from huzardous to nonhazard-
ous operations, Special attention should be paid to the nethods
employed in the disposal of careinogenic indusirial wastes, since in-
adequate mensures of waste disposal may leud to a perpetnation or
reintroduction of cancer hazards inte eperations which may have
been made safe from the standpeint of preduction.

C. SPECIAL ASPECTS

The conduet, of oceupational cancer surveys presents a sevies of
special problems which must be taken into proper eongideration (o
assure results that are reliable, significant and valuable for the con-
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.duct; of cancer reseatch and for the inlroduction of preventive
mengures,

’

1. Contact-Site Relations of Carcinogens

Obsgervations ‘in the field of envirenmental carcinogonesis have
shown that the route of eontact with thess agents, as well as the roule
ﬂ_nd nature of the metabolism and excretion or the-site of their deposi-
itomn plays n definite-role in determining the site of the cusning CRICHY,

Those observations arve summuarized in table 3, which indicates the
type of contact (direct and primary, deposilory, excretory) for various
earcinogens and the site of vesultant cancor,

Table 3. Contact-site velations of carcinogens

Hito of onneer Type of contact Caroinogen

(Diroot, primary couiact.] Ditraviolet radintion, Xeradia-
1 s y s ?

tlon, rdionctive enorgy, lav,
pﬂ,eh, goo, processed miner-

1123 55 WUUVRUOU [ al oils, groases, arscnicals,
Dopository contnot....--| Asonionls,
\Exeretory contact. ... Axscnioals.

[ Divees, primary eontact.. Radionetive gasos and dusls,
fumes, dusly, mists, vepers

‘ of tar, pilsh, processed
Taareg, laryns, nassl minoral  oils,  olwomatbes,
i 1311508, \ nickel oarbouyl (1), arsenle,

’ ashestos (7), isopropyl ofl ().

| Bxeretory conbach- .- . Radiogetive gases.

Bindder, uroter, | Exarctory condpot. ...} Aromaiio smics, iar (h, o~

kidnoy. senio (7).

Deposilory eontasbo . - Touizing radiations (radionctive
subsiancos), boenucl, beryl-
liam (7). :

Divect primary contach-. K-radinbion,

Rong and bone
IIRTTOW.

Despite the fact that the tissnes of the alimentary and nervous sys-
(oims ave direetly or indirectly oxposed Lo n great muaber of suviron-
mental agenis—some, such ag tar pelrolonm derivalives, arsenic and
bonzol, having definite carcinogenic proporties—and although cancers
ol tlie alimentary trach exhibit topographical fontures indicaling the
causal action of exogenons carcinogens, there exists no definile evidence
that specific exogenons and envivonmental factors are involved in thet
goresis. Since cancers of the albnentary system constitute almest
one-half of all cancers observed in males and sines cancor of this ovgan
" gystem, as well as those of the contral nervous system, wsually have &
pooY prognosis, ibmay be hoped that environmental cancor surveys will
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provide data indicating the cansation of at lenst somo of the cancers
affecting these two organ systems, and thoreby help open the way to
their ultimate control,

2. Environmental Cancer Pattern

In studying tho medical histeries or symploms of .worluws exposed
to occupational carcinegens, attention should bc? given not only to
concers, but also to procancorous lesions (proliferative conditions
which are somotimes ebserved preceding and not infrequonily leading
to cancer), and perieancerous lusions (eendilions dus to carcinogonie
exposire, but are anrelated Lo the carcinogenic procoss, yel serving
08 stigmata, of previously susiained specific eaveinogenic oxposures).

Proper attention should be given Lo the imporiant fact that oxoge-
nous carcinogens net only elicit hyparplastic and bewign neoplastic
cellular proliferations preceding, preparatory Lo, or simuliancously
with, cancerous reactions, Deponding on Lhe quantilative and qualite-
tive conditions of exposure, thaso carcinogens muy also cnuse degeiora-
tive, necrotizing and, in {act, anti-cancorons effecls,  Sueli mnbivalent
respansas to oxogenous careinogeng appear in many forms and aro not
infrequently present in individoals with environmental preeancorous
and cancerous lesions. In fael, whenovor such an environmental can-
cer peitern, including both aplasiogenic and hyperplasiogenic mani-
. - festations, can be demonstrated in the same individual or a group of
individnals exposed to the same agont, it serves as valuable cvideneo
in suppert of an exogenous causalion ol the cancovous responsos ob-
sorved in the population group.

Among tho exegenons eareinegens which produce these mnbivaleni,

offects aro orsenicals, benzel, jonizing radiations from radionclive
chemicals and X-ray tubes, estrogens, urethane, and certnin nitrogen
mustards.  Thair anti-cancerous aclion is ntilized in the thorapy of
malignant tamers, while their carcinogenie action. has resulled oc-
cagionally in the production of cancers when they have heon used me-
dicinally in the treatment of nonmalignant conditions.
" These ambivelent precancerons and paricancerous roactions to en-
vironmental carcinogens are summarizod in table 4.  As may bo noted,
they arg found in the enlire range of the carcinegonic gpeetrum and
affect the skin, nasal passsgos, bladder, bone marrow, lungs, and
brensts.

A charactevistic environmental cancer pattern may Lo presonied by
the changes in the bloed and hemntopoielic tissues following exposure
* " to benzol or ionizing radiations. Al one oxtreme of the scale, heavy
exposure is found to bring degenerative, neerotizing and alrophio
changes, such as aplastic anemis, lowkopenia, thromboeyiopenia, mec-
roeytic.anemia, and severe aivophy of (he hemuniopoiotic tigsues. On
the opposite end of the veactive range there oceur loucooytotie, hiyper-
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lencocytotic and lenkemoid resctions with the appearance of immature
leucocytes, polyglobulie, leukemia associated with metaplastic eryth-
ropeietic, myeloid and leukemic prelifevations in internal organs,
and myeleid and leukemic hyperplasia of the bone marrow.

Table 4. Precancerons and pevicancerons reactions o environmental

carcinogens
Reaotions Etiologic Agents
SKIN
‘Alopeeia: .
Bpotty less of DRIt o cco s -} Arsenio, lonizing radialions
5{1‘ adionctive substances,
~radiation),
Atrephy; -

Bkin grossly thinned and gilstening in
patohes, gmssociated with keratotle

Ditoh, tar, asphalb, potraleum,
radioaetivoe substances,

areas, Xeradiation, ultraviolet radin-
tlon, solar xnys, .
Yozema: -
Dry seborrheio patohes on skin._..._...} Arsenio, asplait, piteh, saof, tar,
Keratosis: .

¥lab, diserete, scaly area on skin with
raised pemrty borders. Usuaily on
parts of skin exposed Lo eareinogen, but
may oacur in unexposed parts, partien-
Ialy about sweat glands, with arsenie,

H;ﬁxevkemtesis:

ough, flassured kersiotio plaques with
small, hard, wart-like horns usualiy on
hands and soles, May begome nodular
and wleerate,

Veirneae: .
Horn-like hyporkeratosis. ... vevavccun. .

Anthraceno, arsenio, aa“{ﬂm}t,
creosoto, wrude minernl oll,
paraifin, piteh, root, tay, radio-
aoflvo substaneos, uiruvioiot
radiation, X-radintion,

TUleoration:
Breakdown of keratotie lealong. we mun .
Chrome holes e oo ccccic e cnoan -~

Argenicals. X
Chromates, ohromie acid,

- Leukoderma;
Pz;tiches of subnormal melanin pigmenta-
on,

Leuko-melonoderma:

Patehies showing inareased pigmentaiion
and petehes shiowing subnormal pt{;-
mentatien ef skin, -Mest common in
areas of highest pigmoniatien, and may

" involve sral mucoss,

Metanogderma:
Patohes of inereased pigmentation_._. ...

Aunthraeone, arsenic, asphall,
ercesoto, eruds mingral oil,
fn,ralﬁu; piteh, tar, nonioniz~
ng and lonizing radiations
(radioacbive subsltances,
N-radiation, wltraviciol radis-
tion, selar radlalion).

Seleroderma:
Dry, secaly, parchment-like skin, with
enlarged pores, asscoiated with louke-
malanedorma,

l

Crude mineral olf, paraffin oil,
ionizing radialions (radloactive
substanoces, X-rays, uiiraviolot
rays, golar rays).

17



Table 4. Precancorsys witd pevicanceions veactions o environmental
vrreznogens—Continned

Renetions Eitiologie Agonts

NASAL PASSAGES
I’aBiilomas and polyps; , ) ' '
- Growlhs in antrim, ethmoid eclly snd Iso¥r0py1 oil, niskel earbonyl,
‘t;;lm'binatcs. Nasg) septum  perfora~ chromates, arsenienly,
iong, : :

BLADDER
Homorrhage, aitbmueosal:
Varying size, with telangiectasis, Yocated
malily In" trigone and about urateral
otifices,

Benaiding, beta-naphthylamine
and derivatives, -

Papiltomas:
olypous ar vitlous, peduneulated or
sessilo, Often multiple about tifgone
and wotoral orifices,

YIS
++ Papitlomas;
edunculated. Develop mainly on lids, Arsenig, asphalt, ereosobe, orude
ocessionally on eyshail. . minera) oil, piteh, tar, fonizing
radigtions, ultravioles rays,

BONT .
Chronic poriostitis:
higkoning of periosteni tissue, neorasla | Tontuing radiations SX*\'a.ys, radio-

of hone, aetive snbstances),

BONE MARROW OYPOPLASIA
Biood dysernsiag:

Lyporplasia and metaplasia, aplastic | Bonzol and derivatives, ioniaing
ahemig, thrombocybopania,!eukopenia, rudistions  (radionctive sub-
meonosytosis, orythrooytosis, Ieneooy - sianees, X-rays),
tosis, leukemoid renstions,

LUNGS
Pagumoconloses and pheumonia
Asbostosis, “Yipoid” Pneumonia, ehronie | Asbestos, arsenie, tar, soot, min.
chemiesl pnoumonis, oral ol wmisl,” chroma anlts,

nickel sarbonyt.

BREAST
Painful; swolion hrensts: Estrogenio showmicals,
Glandular hyperplagin,

Intermediato degroes of oxposure, whether continuous or inlermif-
tent, will produce mixed reactions. In genernl it will be found that
incveasing exposure will vesult in increasing effcels of both Lhe hypor-
plestic and atrophic types up 1o & certain point. From that point,
tho increasing severity of exposure will cause » preponderantly aplasiio
effect, overwhelming sny hyperplastic reactions ang leading, as ox-
posure incveases, to death of £he oxganism by destruetion of tissues,
Thus, a primarily hyperplastic phase may be followed by an aplastio
phage, or vice vorsa. depending upon {he degree and rhythm of
exposure,
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3. Identification of Occupational Cancors

Oceupational earcinogeniec agenls and cancers do not, in themselvas,
possess any charncleristic propertios that 4 istinguish them [rom g gonts
~and cancers of nonoceuputional nntaro, The Oceurrenee of eancar in
an oxposed person of o Lumor charuelerietio for the particuluy anr-
cinogen and Ltypo of exposure is not, therefore, shsoluto proof that the
caneer is of occupalional origiu anatondeally iyl histologicnlly
identicnl eancers ayo found in persons who apparantly have had no
eontaet with the ocsupationnl carcinogen in question, Howsver, thave
ig oftan snffieient agsocinied ovidenco present, which, when eritically
analyzed, provides adeqnate and necoptablo proof as to ihe ogcupn-

tional nature of Ui cancer,

- Bueh ovidonco is ropresented by tho presence of lypieal precancer-
ous and pericancerous lesions, sueh as rudintion, tay, oil, paraflin, pitch,
solar and arsenic dermatitiay racdiation osteitis; and pre-lenkemic
loukoponias and loukemoid renclions o flor oxposis 1o benzol and
ionizing vadiations, Additional supporting ovidenco is the demon-
steation of exposuro of adequate Jangth and intensity to the capeino-
gonie agent. Howovor, consideration must bo given in this connection
te tho possibilily thai effective carcinogenic exposure may be tho result,

-ol coniact with the earcinogon snstained in difleront, employmentis or
for other euvirenmental rensons, or oxposure Lo different earcinogens
having additive action, Thus, o eritical unalysis of the entire ocen-
pational history aud nenocccupational exposures is indicaled for all
casos in which tho initisl evidanco shows that tho gxposure sus(ninod
in any single omployment, sppenrad iusuflicient or suflicient Lo necount
for the cancer. ‘

Identifieation of eancers found in g partienlar survey aven ov plant
may bo made by statistical methods when individual caneers eannot
. be sccuratoly idomtified ag to etiology. This identifteation will not,
apply to any specific case, bui Inny provide a strong suggostion of '
occupational or onvivonmenial otiology. Thesg critovia of identifi-
calion ave:

(a) Significant vavistions in total and organ: incidlence of cancar
in differont onvironmental or oceupational subdivisions after the data
have heen properly adjusted and standardized as o vaeo, npe, 5ex, and
other possible Inctors,

() Shilt in ovgan incidonce, sex distribution, {[requoney of multi-
‘Plicily and ago rango of eancor duving differont paris of the survey
period, espeetally if theso dovelopments should follow upon the estab-
Lighiment of industries with known or suspocted caneer hazards in
tho area.

. {6) Diffaroucee in the ineidenco rnto and localization of eancer
within oue orgnn system (exposed and nnoxpossd gkin, alimentary
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tract, efe.), among persons living in various parts of the survey ayen.
Different types of exposure to the same earcinogen, as well as contact
with different eareinogens, have o direct influence cu the ingidence
rales and locahizations of cancer within one particular organ systom.

Tor a conclusive demonsiration of ithe ocoupalional or environ-
mental nature of cancers suspecled on the busis of statistieal and
epidemiologic evidence, it is usually necessnry Lo roproduce identical
concers in oxperimental animals by means of the suspected agent,
In fact, it is held by many investigators that tho actunl eause of o
particular ocenpational eancer is not proven nuiil oxperimental rve-
- production ks been achieved. Convarsely, it is not infrequently be-
leved that the demonstration of carcinogenic responses Lo an exoge-
nous agent in animalg is evidence that this agent, msy axert n similay
action in man. On the basis of (his agsumption, chemicals produced
and used in industry and constmed by the genoral public ave scrooned
and tested in experimental animals for potentinl ¢arcinogenic prop-
orties they may possess for man. Howevor, oxisting facts indicate
that neither & successfnl reproduction of eancer iu animals nor the
bioassay of chemicals for potential careinogenicily in man fulfll
ontirely the reqnirements that must be placed on such tosts,

For instanes, under proper conditions of exposure betn-naphthyl.
smine and henzidine elicii bladder cancer in man.  Such twinors are
produced in 100 parcent, of the individuals after sulliciently intonse
and prolonged contact with theso chemicals, Ago, sox, and heredity
do not seem to have any appreeinble inflnence in this vespect, The
experimental reproduction of these bladder cancors was successfully
achisved by feeding mule or fomalo dogs beta-naphihylamine., There
is controversy as to whether or not vabbits react, similarly to the
-administration of hota-naphthylarine; it i establighed that vats and
mice do not respond with the dovelopment of bladder eancer when
given this chemnieal by vurions rentes, although they roadily show
this response upon the introduction of reletod arematic ainines

(2-acetylaminofluorens) and aromatic azo-componnds  (0-aming-
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
. 1ot develop blndder fumors ) vals recoiving the same trontment respond
with the production of cancers of the eustachian tube, hepatocny-
cinomas, and leukemis. The fwo' aremalic amines found lo bo
earcinogenic {0 man cause species specilic cancorous responses which
in the ot are eomplicated by g shifl of Lhe earcinogenie shock organ
(i. o, the bladder, in man) o soveral other tissuos (1. o., livey, bono
marrow and, probably, eustuchion tube), - ,
The chemieal analysis of the urinary metabolites of the Lwo aro-
matic amines when given to different species suggosts that variations
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in their metabolism characteristic for the species tested seem 6o he
related to the species specific careinogenic properties observed. It
thus was found that beta-naphthylamine is excreted by the dog as
2-amino-1-hydroxynaphthalene conjugated with sulfuric acid, while
rats, 1‘t}bhi!;s, and monkeys given injections of beta-naphthylamine in
’ phve oil eliminate in the urine the base itself, its N-acetyl dorivative,
its N-acelyl-8-hydroxy-derivative and an mnidentified dibydroxyaini-
nonaphthalene. After the administration of benzidine rabbits excrobe
the free base und a hydroxy-derivative, white rats eliminate o hydrox-
“ ylated compound and an scylate derivative. Workers exposed to
chex'nic:f]s containing benzidine excrete iydroxy-derivatives, whils acyl
derivatives and free benzidine have not yet been demonstrated in man.

Varions evomatic azo compounds produce cancer of the liver in rats
but not in rabbits. Observations suggest that this species specificity
is not entirely of o constitutional nature, but depends in part on exoge-
nous dietary influences which, throngh impairment of the normal liver
Tunction, cause an abnormal metabolism of the carcinogenic azo-
compounds. While a constitutional facter which causes s rapid

‘excretion of butler yellow may account for the vesistance of rabbits
and guines pigs to the earcinogenic action of butter yellow, the
oxogenons dietary factor that is essential for the earcinogenic action
of the chemical in the vat 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 nzotoluens excrete 9,1

aminephenol in the urine while rats given a riboflavin deficient diet in
addition {o the chemical eliminate aniline in the urine and develop
bladder tumors.

 Another example of the species specific quality of carcinogens is
offered by tax. Whileit has been possibls to elicii 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
rosulis 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 arsenic cancers in animals, Since the avernge latent peried of
arsenic cancer of the skin is relatively short when compared with the

‘1nteni 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 axsenic to becorne manifest in animals, It may
o possible that the generalized hair growth in experimental animals
croates n highor excretory potential of arsenic and theveby lowers its

. earcinogenie action. However, the strikingly spetty appesrance of
dareenic cancer in man points to the action of other mechanisms, prob-

ably of abnormal nabure, that must be present before arsenic cau
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produco’ cancerous regponges oven in man. IL is remnrkable in this
connection thai a high percentuge of all medicinal wsenic cancers
have been observed in individuals with psoriagis.

Another example of the great imporlance of Siiﬁci‘?{l specif‘t(fity is
presented by the continued controvorsy as fo ths cureinogonicity of
estrogenic substances in man.  While tlere cant bo littlo doubt that
cstrogens are essentially involved in the developmant of mammary
cancer of certain inbred strains of ice of bolh sexes, it iy still quas.
Lionable whether estrogens participato in the preduction of such Lumors
in man. There is little likelilood that n definite decision of this eon-
troversy will be obtained [rom observalions mads on women, How-
- aver, recent observations mado in muales with intensive and prolonged
medicinal or ocenpational contact with synthelic estrogons may seen
provido the final answer (o this question. Uniluteral ov bilaleral wiun-
mary cancer has been feund in several males who recoived Inrgo
amounts of stilbestrol for the control of eancor ol the prostate, Sineg
normally less than 2 percent of all breast eaveinomas ocewr in males, tho
continned therspeutic use of eslrogens in the trextment of prostatic
eancer may supply conclusive eviderco ns Lo the carcinogenicily of
estrogens in man. The ocenrronce of hyperplasis of (ho breast in
pharmaceutical workers'in England and tho United Slates eugagoed
in the manufacture of gynthotic estrogens may provide conflimatery
evidence in this respect, il and when mammaxy cancors dovolop in
male workers of this cecupational group.

Brief mention may be made in this covneclion of Lwo additionsl
chemicals with potential er controversial carcinpgenicity to man and
definito or equivocal carcinogencity to animals, Seallored occupational
observations indict benzol us a lewkemiogenic agent in man, How-
ever, the experimenial observalions made so far entirely on mice are
contradictory. Boryllium has been shown (o elieil asteogenie sarcomas
in rabbits only by moans of inlravenous injections, It is an opon ques-
tion whathor this observation indicates (hat this substanes may exarl
a similay cffect in workers exposed to it by a different route.

‘Specios specific differences exist also in Lo fiedd of physieal enreino-
gens and produce uncertainties and problems thors identical with
ihose enconntered in connection with primary chemienl caveinegons,
Epidemiologic ovidance strongly indicales thiat an excessive GXPOSHre
to solar rays may result in eancor of the oxposed skin anong indi-
viduals especially predisposed by their light complexion,  Observa-
tions mnade on mice and rats subjected Lo intensive Lrostment with
uliraviolel rnys seem to confivm this enusal relation batween OXPOSIIG
to solar actinic energy and eancor developmant. Howavor, all aitomplg
to produce experimentally uliraviolsl ewncor of the skin in gruinon
pigs and rabbits have failed. "Thua, observations on two species seam
ta negate any relationship of selrr irrndistion and cnucor. Such n
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eonclusion, however, is o [allacions one as far a8 maal, nice and rats

aro eoncerned. The inability of ultravialet rays to elicit skin cancers
* in guinen pigs and rabbits rather may be due to species speeific differ-
ences in the photochemical renctions and reaction produets produced
In these species. These species specific differences in the response to
ultraviolet rays, by the way, do not support the widely held coneept
that aetinic energy elecits cancerous responses by eausing primuary
direct eellulay mulations. The available evidenca fnvors the idea
that physical eavcinogenic agenis also produce cancer throngh the
mechanism of chemicnl devialions, of so {ar undetermined charaeier.

Eynluating the evidenee on the speeiss specificity of physical and
chiemical earcinogens and its relation to ocenpational earcinogenesis
the [ollowing éonelusions may be veached:

1. Failure to roprodueo cancers of certain sites in experimental
nuimals, using agents which seemingly produce sueh caneers in man,
does not disprove the carcinogenicity of the particnlay ngents for

man, .

2. The employment of experimental animals in the sereening of
exogenous agents for potentinl earcinogenicity in man, while being
at present the ouly availablo and practical method, is not an entively
" roliable one. .

3. In the experimental study of earcinogens which affect humans
the selection of a suvitable species represente the fundmmental pre-
requisite for obtaining results 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 which may be worth mentioning gince thoy may
influenco deeisivaly the oulcome of the experiment, Chiven o snitable
{Lest speeles, applied experiental occupations] cancer vesearch must
aim to duplieate or at least closely approsch in its experimental con-
ditions the eircumsianees of axposure that ave belisved to lend to the
developmont of cancer in man.  Experimental evidonce obtained in

this way is most useful in its direet practieal application to the
gxisting oceupational problem, .

For instance, when designing the experimental conditions by which
an occupaiional hazard entailing the inhelation of o careinagen is 1o
ba studied, it is essential to ascertain first the physical status of he
enveinogen under the exisling working conditions; i. a., whother it

‘I8 0 gus, vapor, mist, spray, fume, dust, or a. combination of soveral,
and what ils particle size is if it occurs in o dispersed form. It is
espeeinlly important to ascortein the smallest particle size present
and ils proportion in the dispersed matter, Industyial Tiygienists
are now paying marked attention o the determination of the pasticle
size, since this facior is of utmost importance in detertoining the
depth to which the inbaled particles Penetrate ihe respiratory
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tract, and thus in controlling the site and degres of exposure
to the inhaled agent. Not infrequently the same agent under-
goes several changes in its physical state when passing through
various plant processes. For instance, chromite ores reach the fac-
tory coarsely groumd. The particles in this state MAy pass a sieve
of 5 t0 10 mesh, After the ore has been ground in steel ball mills
to a fine powder the particle size is reduced so the chromite ovo paosses
through a sieve of 100 mesh and half of it through a 250 megh,
When this powdered material is processed in the plant and dust is
produced, it is ubvious that the smaller dust particles will remnsin
snspended in tho air longer than the conrsor ones and that the main
exposura of the workers results from tho inlialation of the portion of
chremite or chromate compounds having the smaller particle size.

When applying such information to the oxperiment, it is necessary
not only to select. » 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 oflor favorable anatomical conditions for administering effec-
tive exposures to careinogenic dusts when the sction of thess dustg
is dependent on direet contact of the bronchial tissne (o the car-
cinogenic agont. :

When determining the dose of earcinogen Lo be administeved, it is
not unusnal that duta used have beon collected and recorded by in-
dustrial engineers and represont eoncentrations of the offonding agent
obtained in a number of random spot checks or are average values
dorived from tests of longer duration. 1nder practical working con-
ditions, however, concentrations of injurious and earcinogenic agents
may vary constderably during various phases of the operation and
especially at times of accidents, duving maintenance work o doring
vepairs, 1t is for these reasons that special oceupational groups em-

ployed within 4 caveinogenic operation often oxhibit g particnlarly
" high incidence of occupational eancer as they arve exposed inter-
miltently to highly increased concenirations of the earcinogenic agent.
In the experimental appronches to oceupational cancor such obgerva-
Liens deserve adequate considerations, as the use of insufficient doses
calculated from nvernged concentration figures may produce mislead-
ing negalive results. Data on the concentration of radionebivity in
the Schneeberg mines, for instance, indicate that there nre not only
appreciable variations in the dogres of avarage racioactivity in the
different mine shafts, but that the contents of radionctive gases within
the same mine vary considerably in different parts and at different
times, theraby cansing an exposure to the miners that, as far as car-
cinogetiic concentrations are concerned, should be measured more in
beak values than in avaraged values. Therefore, the proper appli-
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calion of observations an exposure in the field seems to bo an important
part in experimental studies on occuputional carcinogenesis.

Since there i an almost complets lack of relinble information as to
the minimal effective doses for man of the various occupational car-
cinogens, and in view of lhe fact that the greal majorily of experi-
mental reproductions of ocenpational eancers have beon done with
tloses appreciably exceeding Lhose encountered under working con-
ditions in industry, it does not seem wise to attach Loo much sig-
nificance {o negative experimental results when low doses were used.

4. Age Factors in Occupational Cancer

A survey of envirommnental cancer should include all cases in the
area, regardless of age, sex, race, or site. The final analysis, however,
should consider these {actors separately and shonld make the proper
adjustments for standavdization, so as to obtain comparable figures,

Since ccenpational exposure Lo carcinogenic agents does not start,
as w rule, before the age of 10 Lo 18 years, and inasmuch as the average
latent peried for occupational cancers is from 5 to 25 years it is ad-
vignble to restvict the eveluation of data in a stody of occupational
cancer to persons of the age group ubove 25 years. Althongh female
workers often leave industrial occupations at an early age, the ex-
tensive employment of female workers in certain industries and pro-
fessions with potential cancer haxards warrants their inclusion in such
surveys, These indusivies include rubber goods wmanufacture, lumi-
nous dial painting, spinning and weaving, X-ray and laboratory worlk,

Many enviroumental carcinogenic factors, on the other hand, acl
on the human organism et a much earlier age than the occupational
carcinogens, For instance, cpidemiological studies on the incidence
of penile cancor in circumeised and noncireumeised populaiion groups
indicnte that the first 10 yonvs of life are of definite importanes in

determining ithe ocenrrence and age of appearance of penile cancer,
It is concoivable that even prenalal malernal influcoces, exerted on tha
fetng by exogenous faclors peunetrating the placontal barrier may ho
.active in eliciling cancer in the young, Thus, there are no definite
age rangs limitations in genaral eancer surveys: s

Detailed preseniations of {he problem of envirommnental and oc-
cupntional eancers and velated disorders ure available in the {ollowing
publications by W. C. Haeper:

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

LEnvironmenta] and Oceupational Cancer.  Pub. Henlth Rep, Supp.
209, 1948,

These may be useful for the inlerpretation of the results obtained in
onvironmental and cecupational Cancol surveys.
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APPENDIX A

Occuﬁational and Nonoccupationat Gronps Suggested for Sutvey

1. Exposnre to bonzol nod its devivatives, naphibol, aromatic amines, toluol,

xylol (wlih passible relntlon to leukemin,

Alrplane-tlopoe workers,
AsviHnne haagar amployess,
Atcohol (denninred) workers.
Antline workoers,

Avk-glass workers,
Asbestos-products impregmators.
Battery {(dry) makers,
Beavty parioy operators,
Belt scauvors. .
Heuzol purifiers,

Beuzol workers,

Brake Hhiing makers.
Brouzers,

Burnishers.

Cnu {rubbier gasket) manufactorers,
Unn {rubber gasket) senlers,
Carbolic aeld makers.
Chewmlsts,

Chiorodiphenyl makers.
Cluteh-disk tmpreguators.
Coal tar stili cleaners.

Coal tar workers,

Cobblevs,

Color makers,

Coke oven tar workoers.
Compositors.

Degrensers,

Disinfeetant makers.

Dry cleaners,

Dye mnkers,

Dyers.

Blectropinters.

Mectroplate cast serabbors.
Pramelers,

Enamel makers,

Bngravers,

Bxploslve maltera,

Feather workers.

Fertilizer makors,

Flavoring extract makors,
Galvantzers,

Gas honse workers,

dasoline bieundevs.

Gliders,

Glue makers.

Ink mukers,

Lacquerers,

Lacquer malkers.

Leather makers (artiflelal and patent).
Linoleum workers, -

. Lithographers.

Metwl washers,

Millinery workers.

Mtirror stlverers.
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lymphosarcoma, abad niyetoma),

Mordaniers.

Nilrobenzol mnkers.

Nitroceliulose workars,

Ot extraetors,

Palnt remover manufacturers,

Painters.

Parniin makers.

Puenel} makers,

Perfume mukers,

Petrolemn disililery and reflnery
workors,

Pharmacottion] worlors,

Phenol mitkers,

Pholeeugravers,

Phatographle elieinieal makery,

Blevic acld wtkers,

Plustie {eviile makers,

I'olish makers,

Polighers, -

Pottery decorators,

I*riunters, | :

Pulty makors.

Pyroxyiin plastie workers,

Rotograviure workers,

Brbher hullers,

Ttubhay comeniors,

Rubber ccment milxeys.

Rubher compounders,

Rubheyr dippers,

LRuhber drices,

Ruhberized asbeslos board makers,

Ruobior mixers.

Rubber pressroom workers,

Rubler veelnimerg,

Rubber tive buflders,

Rubber Lreptters.

J Bnbber workers,

Shade cloth workers,
Shellackors,

Sheilac makors,

Shoe {Inisbery,

Shoe fuctory workers,

Shoe-lieel (woad) coverers,
Smokeless powder makors.

Soap makers, ' :
Tar distillerdy workers, .
Tar, plich, oll, ete, tank cleanerg,
Textlle fullers, - -

Tobaceo secdling Lreaters.
Trinlirotolunsl malters,

Type cleaners,

Vimishers,

Varuish makers,

Varnish remover manufacturers.



War gas makers,

Waterproof fabrie maXkers,
Wax makexs,

2. Bxpositrs to avomatie awmlnes,

| Welders,

Wire insulators,
Window shade wmakers,

aullloe dyes and related aromatic chemleals

(with possible relation to cancers of the biadder, ureter and kidney).

(¢) Oceupntional exposure:

Agrieultural lnborers.

Blue print makers,

Candle makers.

Candy (eolored) makers,

Cosmetle mannfactures (colored
lipstick, powder, ecream, eye-
brow penell, skin tan lotions).

Citrus frult dyers,

Dye handlers, packers, mixors,

Dye wmakers {anlline, naphthyl-
amine, henzidine, xylidine,
totuldine, cte,),

Fur dyers and worlsers,

Gavdeners (aromatlc pesticides),

Ink makervs,

Leather dyers and workevs,

Lithographers.

Margarine (eolored) malkers,

Marmalade and jcliy (colored)

makers,

Ore flotatlon workers (betn-
naphthylamine, cresylie neld,
oo}, )

Painters,

Daint makers.

Paper dyers nnd manufacturers,
Pharmaceution! warkers,
Photographers,

8. Wxposure to tar, piteh, ofl,
anthracene
leitlcemta ),

Avtifielal-gtone makers,
Asbestos goods workers,
Asphalt workers,

Anthriecene manufneturers,
Baliery (dry) woukers.

B3rick Inyers,

Brickgnrd svorkors.

Briguet makevs,

I3rush innkers,

Calle makers and Iayers,
Cavbon Dlack makers and users,
Chimney sweepers,

Coal earbontention warkers,
Coal-tar atil] cleaners.

Coaal-tar workers,

Coke-oven workevs.
Oordage-fnetary workevs.
Corkstone makers and carpenfers,
Colion spinners,

Crensoting plant workers,
Diese) englne attendants,
Electrieal eqnipment manufaclurors,
Blectrode makers,

Bngineers,

Tonndry workers.

Plahermen, :

Flne cleaners,

goot, asphalt, creesote, earbon blacks,
{with possible relation to eaneers of the skin, lang, blndder, and

(g} Oecupntional expognre—Continuad

FPhotographic chemieal sworkers,

Printes, .

Rubber workers (antoxidants:
hetwmnphithylnmine,  phenyl.
beta-nuphihylamine, bugyl-
beta-naphthylamine, etc.).

Shoe wanufacturers,

Soft drink (coloved) manufae-
furers.

Textlle dyers,

Textile printers,

Wax peneil mnkers.
(b} Nonoceupational exposure:
Cansumers of coloved foodstuils,
Users of colored cosmetics,
Users of dyed textlles and lealk-
ergaods that Meed excess dye
when coming in contact with
sweat and seburn,

Users (frequent) of medieal prep-
aratlons conlnining aromatic

_amino growps: antihistamines-
Allevgles, hayfever, ete.s anal.
gesleg-hendache, neuraigiy,
dysmenorrhea, avthritls, ml-
gralne;  mediclnes  (Hquids,
lablets, capsules, ofntmenis)
colored with aniline dyes,

parafiln,

Fuel oil suppliers, {rnck drivers.
Fornace wovkers, - :
Qas house workors,

Gus (IMuminnting) workers.
QGenoratoer stokers,

Orease monkeys.

Qrease pit workers.

Ink makeors,

{usuintors,

Lamp hack makevs and usors,
Machinlsts,

Blechanies.

Metal workers,

Ollors,

Ol1 reflneyy workers,

011 well workers,

Ontleal long grinders,

Ore flotatton plant workers.
Palnt sprayers.

Parnfiin distiticry workers,
Paraflio plant worlkers,
Pavers,

DPhavinacentieal workers,
Mieb workers,

Plastie cement workers,
Pristervs, . .

Rond repatvers,
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Roofers,

Rooflng-paper workers,
Rope makarg,

Rubber workers,
Senltary plpe makers.
Shipgard workers,
Soap makers.

Shale ofl workers,
Stokers,

Tank cieaners,

Tar painters,

Tar paint munufacturers.
Tar yorkers.

Textlle workars,
Wiuterproofers,

Water proof paper makers,
Wood pleklers,

YWood preservera,

4, Bxposure to ehrominm and chramlum compounds (chromium metal dust,

chvomates, chromimn bigments,
sible relation to cancer

{a)} Occupational exposure:

Abrasive malkers,

Abrasive workers and polshors.

Asphalt vefinery workers,

Battery (dry) makers.

Bleachera.

Bluepring makers,

Candle {cotored) mokers,

. Qoql tay workers,

Chromate, ' ehromtumn plpments,
chromie actd and  leather
fanning compound mannfac-
titrers, '

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

Orayon and pencil {eolored)
mukers,

Doclkt workers unloading chro-
mite ore,

Bleetropintors,

Hlectrolytical chrominm  metal
mantuiscturers,

ramelers.

Bnamel makers.

Hxplostve manufacturers,

Turniture polishers,

Glrss and potiery frosters,

Ink ankery,

Linoleum workewg,

Lithographers,

chromls acld, chirominm
of the lmig and nasal sinuses).

carbonyl} {with pos-

(6) Occupational exposure—Continued

Mateh-factory worlters,

Mordanters

Talnt manufacturery,

Poaluters,

Paper dyers,

Paper makers.

Paper money makers, -

Paper waterproofers,

Photoengravers,

Phatographie workers,

Phologravuve workers,

Potlery glaze minkers,

Potlery makors,

Drinters,

Refeactory brick makers and
MAS00S,

Ruobber vileanizers.

Soap makevs,

Stainless stael workers.

Tannery woylkers.

Poxtlle dyors,

Textile printors.

Texille walerproofers,

Wax-ornament workers,

YWeolders,

. Whnod stalners,
{b) Nonoceupations) exPosnTe

Pergons llving ar working In fume
nud dust zone of cliromate
plants,

. Expomire to nieke! and nickel coxapounds (nlckel melal dust, nlekel oavrbonyl

vapors, niekal oxide, nickel gulidde,

" Abrasive manifacturoers.
Cevamle piazers,
Chemleal workers in opernitons
using nickel satalysis.
Coln makers,
Hlectraplaters,
Euamelers,
Baamel makers.
German stlver mannfucturors,
Gevwan silver smiths,
Hydrogen manufucturers,
Monel mptal makers,
Nickel alloy makers

(coppey, sil-,
ver, aluminmm),
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niekel alloys) (with possible velation to
cancer of {he lung and nasa sinuses). ) ’ ’

.

Nickel-chrome sloy inanufae-
turery, . .
Nickel-ghrome wire manafpe-
Lurers,

Nigkel extraciors.

Nickel ore miners.

Nickel ore smolter and refiuery
workevs,

Nickel polishers,

Niekol-steel workers,

Of1 vefinery workers,

Storage battery manufacturers,

Tale manufacturers.



6. xposure to arsenic and grsenieals {arsenic motnl, arsenious oxide, calsiom

- argsenate, sotiom arsenate, load arsenate, enprie acetoarsentte, Parls green,
Lovndon parple, Scheele's green, Schweiufart green, Waolman salts, realgar,
orphnent, owler's solutlon, Donovan's Mlls, arsphenanine, cacodylates,
Lowisite, Aslatlc pllly, ete.) (with possible relation to eancer of skin, lung,
bladder, Hver). -

{a} Ocenputional exposure; (@) Oceupational dxposure—Continued
Arsenie roasters, . Lol and har tectory workers.
(Artifietal flower makers, Penell makars {colored),
Baok Baders, Pharmaceutieal workers.
Bronge workers, Photographery
Cannery workers peeling frulg Polson bait makers.
treated with Ingecticides, Pottery decoratons,
Citras frnit orcliard workers. Puitery plant glaze dippers and
Cotton plantation workers, mixers,
Ont-glass workers, DPyrties burners,
Dyers. ) Rotogravnre workors,
Dyostnf! makers, Rulber eompounders.
Iglectropinters. Ltubber mardant mixers.
. Enamelers, Rubber pressors.
Farmaers, . Rubber tire workers.
et hat carrotors, . Sealing wax malkers,
Ferro-silicon workers. Senmstresses  handiing  fabric
Fur handlers and preprrvers, dyod or treated with arsenteals,
Gnlvanizers, Sheep dip manufaeinrers,
(tnrdeners, Sncliers of nesenle, copper, zine,
Gilass mixers, silver, lend orves.
Glass workers, Sulfur bursers.
Glue mannfaciurers. Sulfarie aold workers.
Qold refiners, ‘Tannery workers {emviers).
Ink manafactnrers, Taxldermists,
Inseetlcide manntacturors, ‘Textlle printors.
Ingoctieldte sprayers and dusters, Tinners,
Japan makers. VYolvet makers,
dewelers. : Vinery workars,
.Lead factory workers, Yineyard workers.
Lead shot makery, War gas mannfaeturers,
Lincleum eolor workers, Wax ornaxment warkers,
Lithograplers, Wenvers nslng yarn dyed with
Miners of arsenie, eopper, zine, nge of arsenienls, ,
silver, lead ores, Weed killor manofastuvers.
8;} eloftl'h n;apufn]eturers. Whre drawors.
reflnery ‘worlkars. . .
Paper (eolored) malers, Wood presevve jlzalzels.
Paper glozers, Waood preservors.
Paper hangers, Zine mixers.
- Paper prinlers, ) Zlne smelter ehargers,
' \
{b} Nonoecnpationnl expaosure: .

Users of arsenie containing dreinking weater, eapeclally near arsenle ora
smelters and mines, of foodstuffs and Hquer contaminated with arsent-
enls. .

Users of arsonie contnining medicines (avsphenamines; cncodylales, Fow-
ler's solutlon, Astatle pllla, Donovan’s solutlen, arsenious oxide in
tonies, antlgeptics, antipsorlasis or eaustie olitments, antispazmodies),
cosmetles (haiv lotions), .

Pergons exposed to inkalation of arsenleal dust sprend from arsenic eve
smellers or by dusting arsanicals from alrplanes,

7. Wxposure to ashostos (sillicates containing caleltm, magnesiunin, iren, nlekol
and copper) (svith possible relatlon to eancer of the Iung).

Artifietal-wood manufaecturers, Ashesios-Ingnlation workers.

Asbestos construction-materinl workers | Asbostos-niill workors (rrughers, fiber-
(mlli-bonrd, wallboard, shingle, tile, 1zers, molders, enrders).
movear, elinkex), Asbestos minorg, :



Asbestos spinnops,

Ashestos-dextile worke
ket, cortany,
twine, thread),

Ashestos weavers,

Brake-Hudng mamfacturers,

Brake-Uning workers,

Curpetters,

Dyo workers {actd and flreproot),

9 (cloth,
Sheets, rupes,

8. Expogure to solar rudialion
to caneer of the slkin},

Agricuttural laborers,
Boatmen,

Cnttieman,
Construction worlkers,
Cawhboys,

Drivers,

Parmers,

Fishormen.
{inrdeners,

Herders,

Ilonse printers,
Tumberwen,
Mmers workin
Nuorseryuten.
Oufield workers.

g in syrface mings.

9. Ixposure to roontgelsy
fo esncer of {he sRin,

(’a) Occapationn] exposuye :

Biologista,

Chemisty

Gas mamtie mnnfaet'ery,

Lahovatory to

Luminous dia

Nnrsges,

Phavmacentien} wo
active traecer substances,

Physielsts, .

Ramoactive electvostatie eliminator
aper pinnts,

deviees n textile ang p
Radiotogle techaleians,.
Radioiogists.

blan-
cords,

ays and radios
lung, bone, Hvey

Atomie energy piant workors,

rkevs uging »

Radium laboratory workers,

Radlum refinery workers,

Researeh workers ha wdling radioactiv

‘Wiectrie-wire manutocturers,
Miiter-materinl maenufneiurers,
JGasket makers,
Insulation worker
Piubdra,
Punip-packing meolinnieg,
Roofeys,

Rubber produciion workers,

8 (pipes, bollers),

aud ultraviolet radiation (with possible relation

Ot operators, .

Pharmuceutical manufaci
min D.

Railvond euginears,

Ruibroud workers,

Ranchers,

Road workers,

Rurai mail earrievs,

Suaiiors,

Spartsmen,

Stoekinen,

Sunbathers,

Vine growers,

Weidess,

tetive chemicnls (with possible y
» and leukemia).

urers of vita.

eiaiion

chniciang and attendnuts.
I inters, handlers and sippers, metal serap handleps,

adioaciive lsotopes nud making padlo.

manufaetnrers nnd operators of such

[

e Isotopes and tracer subsitances,

Roentgen and radinm technlelnng,

Roentgen mechanfoy,

Raenigeo-talie menufactnrers,

Roentrenatogists (1nodiea),

eal, textlio, art and jowel

8hoe salesmon |
Uranium dye mnkers,

. .Dranium ginss makers,

n stoved neing

eleet
ry, sh

Urantum glaze wnkers (tile).

U
ete.).
Uraninm paint makers,
{3) Nonoceupntional exjiosure :
Customeis of shoe stor
Patlenis eonsuming v
periods,
Palients roecivin
Peaple fiving fu
water of radioactive spy
radtoactive operationg,
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ranhum winers angd miners of ra
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regions with yad
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tle industry, aviation,

or vesiding in the waste disp

metallurgie, ehemi-

oe sales, Deanty pariors, reseavel),

luorpseopes for fitting,

3

dicaetive oves (plten blende, carnotita,

'es nsing fluoroscopes,
adioactive water for medieinal pUIposes over

long

onizing radiation for tﬁerlivin

a) purposes,
foactive ores and drinking g

r Litihing Ian
osal area of
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. APPENDIX B

Occupational Cancer Record
1, Kame ) ’ 2. Place of Desth: City
Hogpital
3, Residence: State ' City Street
4. Social Security No. r 5. Sex 8, Color or Ruce :
7. Date of Birth 8 Age: Years Mos, Days 8. Date of Death
10, Oeeupation ’ 11, Industry or Business
12, Cavse of Death 13. Method of Disgnosis:
:  Clinieal ( )" Biopsy { ) Autopsy () Other ()
14, Name of Physivian ’ 15, Strest 16, City
1. Clinical Disgnosis 18. Pathologie Diagnosis: 19, Primary Site
Mierescopic %ﬂ) Gross { )
2. Date of First Symptoms ( 21. Date of Fist Visit to Physi- ’ 22. Date of First Dingnosis | %3, Stege of Diessse ab Pipgt
. ¢ian ~

Dingnosis

2. History of Other Minesses of Site Afected 25. History of Tnjury to Site ARected

y—,




e

26, Qecupstional History: List oscupstions in chronological order beginning with last or present one

 Dates -
T Numoof Plant Location of Plant Tyooof Busioese or Produet Made | Tty ofdob | Typeof Work Perkormeq
Pom | To : '
* 27, Exposure: (Investipator will name careinogenic substances to which employee has been exposed.)
Durstion of Exposurs Destide Typoof B ;
Nams of Substancy N of Plumt Dato of Last Bxpastrg Estiady Pﬂ%gﬁtogf @orkmg%fm
Yeurs i Months Bxposed

Pl AL prepms

mest.)

2. Nsme sy ofher important materisls io whitk employee has been exposed, (Hobhig,

¢, Haits; Medioines; Cosmetios ; Diets; Envirop.

29, Additionl Information Obtaimable gt Physicien; Laboratory; Hospital; Insurance Co.: Plant Med;

Regisy, ete,

eal Depattment; Clinie; Tumt;r

Nome

Addrss

p s

o0, Any other information pertaining o tamor (Multiplaity, Sites, ete,)

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

Nots: More Hiseks should be added tnder Nos, 26, 27 and 0o sciual secord form,

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

uuuuuu



APPENDIX C
Occupational Hazard Code

[Prepared in cooperation with Dr. H. P, Dora}

A, Abnormalities of aly pressure:

.

001  Compressed aly {mereased atmospheric prassure),
002 Allitade; eavelied aix {deereased atmospherie Dressurs )
. Abnormalities of lemperature aund hoanddity
010 Tenl,
011 Cold.
012 Budden variationg of lemperature,
- O, Dampness
020 Dampuess.
021 Dryness,
D. Defectlve itivmination:
" 030 Defective ituminatlon,
. Dust:
Organle dust;
040 Textlte Just,
041  TFiowr.
042 Bugar,
043 Wood dust,
044 Leathar Aust, '
046 Feathers.
010 Conl dust.
*047  Lobneeo qust,
060 Orgauie qust other than specifled.
Inorgnnle dust:
060 Abrasive dust.
061 Brick dust,
002 OQlay dust,
088 Fiind dusi. ’
004 CHass dust.
06 Rock dust.
060 Quariz dnst,
. 007 'Tale.
*068 Asbestos,
009 Iron ove, _
070 Inorgaule Aust other {han gpeeifletl,
¥, Infeelionsa:
020 Aimoeba and other wnicellulpy organising,
001 Bacterin and apiroclictes,
002 Jumgus,
003 Rickottsln and related mieroorgnanisms, -
004 Viens,
006 Worms and other multicellular paraslics,
: 008 Other parasites,
G. Radinnt energy:
*100 X-rnys,
*101 Radlum,
*102 Radiothorium.
*1083 Menothovium,
*104 Radlonetive isotopes,
*300 - Radionctlve substances olher thaw speeifled.
Utiraviolet and infrared rays: .
110 Uléraviolet raps,
*111  Infraved rays.

*Crrolnogenlelty recognized or suspected,

H

W
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H Repeated motion, pressure, shock, ete.:

120

J. Polsons !

130
134
132
133
134
135
136
137
138 -
139
149
141
*142

*143
*144
146
*140
147
*148

*149

150
*151
152
#1583

*1854
1468
150
167
158
169

*160
1681

%162
163
161
168

*106
187
168
189

»178

*171
172

113

*174

*176
176
177
178

+178

*180
181
182
183
184
185
186

*187

*188
189

lepented motion, pressure, shock, ete.

Acetaldehyde.

Acetone,

Acids, inorganie,

Acids, orgame,

Acridine.

Acroleln,

Alcoliots,

Aldebydes,

Ahnmninum,

Ampmania,

Amyl acetate; butyl acetnte,

Awmyl alenhol,

Amle and other mine compounds of hen/ol and its homologues;
acetanillde; naphthylamines; nifvaniline; tololdine; xylidine;
cuudine,

Antline dyes,

Aunlbracene,

Anthimony and its compounds.

Arsente and Its compounds {except arsenlnvetted hiydrogen).

Arsenimretted hiydrogen (arsine).

Asphalt, natural,

Axzo conipounds,

Dartwm,

Denzidine and denvatives

Beuglne; gasoline; naphtha.

Bengol (honzone) gnd itg homologues ({oluct and xylol):
o-aminoazotolbene,

Beryllium.

Bromine.

Butanone,

Butyl aleohol.

Cadmlnm,

Caleinn eyanamide (cyanamlde)

Carbazoles,

Carbole neid @ lysol-phenol,

‘Carbon black. . .

Carbon dloxide,

Carban dimadphlde,

Carbon mounoxide,

Carbon tetrachloride,

Cellosolve (mong-ethyl ether of eibylene glycol).
Chloride of lime.

Chlovinated dlphenyls,
Chlovinated hydvacarbons,
Chilovinated naphtlinlenes,
Chlorlue,

Chlovoprene (2-chloro-hntadleng),
Chirominm earbonyl,

“Chromlum eomponnds,

Conl,

Cobalt,

Copper,

Creosote,

Cresol (cresylle acid)
Cyanogen compounds, hydrogyanie aeld,
Dichilorethiylene,
Dichlorvethy! eiber.
Dimethy} suilphate.
Dinl{ropitenol {(I-2-4),
Dioxan {dlethylenc ('iloxide)
Estrogens, synthefle,
Ttstrogeny, natural,

Rthy! benzene,

sCnreinogonielty recogaized or suspeeted.

M



J. Poisons-'-—('}dntinued

1490
101
192
108
14

105
1h68
1907
108
149
*200
*201
202
208
204
200

208

207
*208
209
210
a1l
- 212
213
214
215
219
217
218
210
220
*221

8222
%228
€224

225
*220

22
228
*220

280

231
%2032
233
284
286
- 280
287
288
230
240
*241

242
243
244
240
*240
247
248
249
*250

Ethyt browide and ethyl chioride,

Etbylene dibromide,

Etliylene dichloride (dichlorethnne),

Bthylene oxide. .

Bthyl sthiestes;  tetracthyl-ortho-stlicate; tetramethyl-ovtho-
silleate,

Formuldehyde.

Formice acid.

FPurfursl. .

Gerinauivm compobnds..

lyeols.

Halogenated hydrocarbons, alipbatie (cblovine, bromine, flnorine).

Halogenated hydrocarhons, aromitle,

Texanone {methy} butyl ketone).

Hexone (methyl isobutyl ketone).

Hydrazines.

Hydrachlovle aeid.

Hydrpfiuorie acid, fluorine and its compounds.

Tron earbonyl,

Isapropyl conpounds.

Ketones,

Lead and its compounds.

Leud arsenate,

Magnesinm.

Manganese.

‘Meveury and its compounds,

Methano! (methyl aloohol).

Methyl bromide,

Metby! ccllosolve {ethylene giycol monomothyl ether).

Methyl chiovlde.

Methylene chioride (diehloromatbane).

Methyt formate,

Minera! oll, erude; mineral oil, prooessed ov groase prepared by
fepetlonation or cracking).

Nephthols,

Nickel.

Niekel carbonyl.

Nlcotine,

Niirobengol and otber nitro compounds of bengoi and ita home-
togues; chlorodinitrobenzol; chioronitrobenzol; dinltrobenzel;
nitronaphthaleno; teinttrototuol.

Nitrogtyoerin, )

Nitrons fumes and vitvie acld,

O], shale,

Oxanlie acid,

Qzona,

Paraflin ; paraifin oll, erude.

Pentanone {methyl propyl ketone),

Petroletm,

Phenol,

Phenylt hydrazine,

Phosgeng,

‘Phosphorus.

Phogphuratted hydrogen (phesphine).

Plerle seld {trinitrophenol).

YPolyeyelic hydvocarbon, e, 8., benzpyrene; mefhyleholanthrena;
ihenz-carbazole ; various devivatives of henzanthracene.

Porphiyving, :

Potassivm Lydroxide.

Pyridine.

Quinones,

Seleninm compounds.

gilver,

Sodiumn hydvoxide.

Sodinm niteate, evnde,

Soot.

*Carcinogonlelty recognised or muspeeted,
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J. Poisons—Continued
%951 Roo0t (1amp blaclk, earbon blaek, gas black, ete,),
262  Spindle olt, .
*258 Sterols.
254  Sulpuuy chilovide,
295 Suiphur dloxide,
258 Sulphuretted hydrogen (hydrogen swiphide),
957 Sulphurie acld.
#9568 Tar and prteh; avtificial asphalt; bitumen-lgaite,
259  Tellurlmn compoutds, '
%200 Telruehlovethane {acetylene letrachloride),
#0901 Tetrachlorethylene (perchlorelhylene)!
262 Tetraathyl lead,
208 'Chatilum.
264 Win.
260 Titanivm oxide,
*906 Trichiorctliylene.
267 Mrnorihocresy! phosphate.
208 Turpentine.
#0058 Uraniun,
270 Vanadium,
271 Vinyl chlvride,
272 Zine; broass, meial fume fever.
2718 Styvene,
K. Tranma {nof covered n any of the aboeve) s
Chemieal: :
400 Chemical, acuie,
801 Chemiceal, chronie.
Phystenl s .
302 NMechanicnl, aente
308 AMcehanieal, chronie.
2304 "Phermic, acute (bornd,
%305 ‘Thermle, chronie,
Bears, flgtulag:

306 Sears, fistuins, ete

If there aro present mord than fhreo hazards, each of which s from a different
major hazard group, code in preference as follows: G, 1, B, I, K, B; 1,0, A, D,

- #Qareinogenielty racogaized or suapeated,
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APPENDIX D
" Plant Survey Record

1. Company. . covammnees o vremmn———- R
2. Loeati
[ Oﬂ-....,4..-..¢nov»uu----w-u--umwnow--n“nnuI-wnwuu---vw‘w-
;

5. Tngrance corvier.... -
§, n operstion NCewmmememene- oo om s
¥ Products MANIBAEL unenwmwommvmnsrnmnsssmm s snn s o
8. Known of suspectod CArCINOREDS. . -ommwamim o wmmmmm e
0, Medioa] BEVIOB v wwemwmarsnmrommnsmmummsamssmrmwnysaoe
10, Rate of 1abor fUIDOVErwurmneomeee- Jpereezt eanually.. oo n-

11, Number of employess:

.
A8, e menam o oo smn s nnna

Produesian

Wil Totsl
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Y i e essunrrne]
47211 R
F&mﬂlen_-. [EPPTIFRY T L PP Y
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Total I Comstant | pueent | onal Tohlefion | Sim | Ineston | Otber | Avege { Lougest
a!
bl’
e
Pren o7 perk-cangerons effects 2oted {lancess noted
Site Namber |+ Dates Bite Womber | Dates
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