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‘Scientific and technological proore s have exposed man

to new physical and chemical agents. Some are believed

associated with

HE industrial era in it full expan.

sion s larely two generations old,

vet during that shert period literally

thensands of entirely new chemical and
plivsical eonstituents have been adided to

( - N\ - cuman environment, Few of these con-

ituents have heen exhaustively analyzed
or their Jong.range toxic #ffccts on man.
Trey are now being studied, however, ax
pn«uhle Nmtrllmturn to the rise of cancer.

The geowth in the relative importance
of cancer as a cause ob death ix one of
the autstanding medical facts of the past
30 vears, The dizease has moved from
vightlt to second plice in the U, % since
190, and tday only heart ailinents sur-
fr oo~ it. The reasons customarily given {or
this rise—improved diggnosis and the
airy of the papulation—do not entirely

explain it. They provide no satisfactory -

answer to the fact that approgimately
s and a half per cent of the known
cancer deaths in 1941 wecurred in age
groups umtir 40. There is evidence, more-
o+, that the dizease is not an inevitable
consequence of hudily degeneration due te
age. although the changes of seneseenee
undier certain conditions may be con-
tributing factors, It seems certain that
tewe s @ net increase in true cancer
decths, if only beeause (ewer penple die
tromn ather diseases than in the past

\nt explanation of this increase and of
the causes of the diceyse is therctore

I--'in" souglit in‘our envirsnment. so mueh’

e mmplu than it was in 1900. ['lw
l!l“ﬂlgqunn 1« fucused on CQ.!'C((\""\'"“
azeats, as the substanees that produce
voreer are ealled. and on the ;:f"l‘m‘
-;||r~liun 0t othe extent to which the in.
o sein caneer may e cansed by auents
W he environment ther ltitherte

have

the rise of cancer as a cause of death

by Groff Conklin

been considered comparatively harmless.

[t hax been csatablished that eertain
agents to which peapic are exposed in in-
dustrial occupations cause cancer il the
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C.\R(’I\OCE\\ kuown to he | prese
ent m human eosironment are elassie
fied, Less cortain agents are in italics,

exposure to them ix sufficiently intense
and prolonged, A« an example, over 73
pre cent of the miners in the Sehneebery
cnbult-uranium mines of Germany die ol
lung cancer: more than 30 per cont of
those in the Joachimsthal uraninm mines
across the hurder in Caechoslnakia die
of the same cause, In the 18th century it
wax fearned that among chimney sweeps
exposed to intense enncentrativns of sawt,
deaths from cancer were hetween three
and {our times ax high ax thoxe in the en.
eral population. It is known alse that
certain common substances in concen.
trated doses can produce cancee: {or exe
ample. mouth caneers are uncommonlh
frequent in a tribe in India which smokes
cigars with the lizhted end in the mouth,
Thix causes them to sufler frequent bhurns
and to receive a concentrated dosage of
tohuacen tars,

Mthough these are special cacres of
intense exposure, they nuturally ~nggest
spevilution as to whether the averags
human heing's relatively mild bt lone.
continned exposuees te new sulistances in
a eontaminated atmosphere, in proceseed
fowds, in cosmetics and in other elements
of our enviconment may he a eontributory
cause of cancer. We have as vet no cone
clusive evidence for or against this posei.
bility. We have nn accurate estimate of
how many of the artificial substances
comman to our industrial civilization mav
be carcinogenie umder special circmpe.
tances, hor lln\\‘ ll:;ln‘\‘ <ren\;|l~;l§' hurn\l' et
sthistances, interacting with others bt
appear to be equally innoenous, mav .
duer varcinogenic resulis,

There are. ol rongee,
abonit vancer’s vanses:
trrelations i the

many  theories
chiponie
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ORIGINAL SITES of maliznant growths due to carcinogens in the en.
viromment are sceattered mmong almost all the organs of the body. Some
agents, sucli as the aromatic amine dyve intermediates, reguluely alfeet the
sitmie organs even though they may use any one of many routes for attack,

12

metabolisoi, tasue degeneration. viruses.,
and <o on, Most of these theories, how.
ever, deserithe mechanisms rather thuan
first cuuses. ladeed. with two or turee ex.
ceptions all of them seem to requice the
presence of a trizgering agent,

Paossibly the most fruitlul current theury
i< the one that attributes cancer to muta.
tions in body cells. Cancer-cauzing muta.
tions. it has been demonstrated by experi.
ments. may he produced by ultravislet
radiation. X-rays. radiouctive substances.
and a number of chemicals. While maore
than Y9 per cent of all cancers are still
of unknown origin. nearly all of thuse
for which a proved cause has been {ound
arise as the result of external agents,
These seem to mutate the cells into a state
which is. or can become. cancerous.

The methuds by which these external
agents act upon the body vary consid-
erably. depending on the substance in-
volved. Some carcinogens may cause
cancer directiv. Examples of these are tar.
the mineral oils and certain dve intermedi-
ates known as aromatic amines. Tars gen-
erally affect the skin, Mineral oils may
cause cancer of the lungs through inhala.
tivn. The aromatic aminex. strangely. con-
centrate an the bladder. no matter what
their route of attack. Whether tiey enter
the hody throngh the respiratory svsten.
the mouth or the skin. they gravitate to
the wenils-urinary system and there huild
up a concentration that eventually causes
caneer.

Other agents seem to cauxe cancer by
altering ovgans so that the organ itsel pro.
ducex a carcinogen. resulting in a cancer.
The mechanism of this transformation is
litthe understoad. It is known that some
ridiatinns and certain metallic ecompounds
including the chromates, the arsenicals.
uickel carbonyl and possibly  ashestos.
cuuse cancer in this relatively roundabout
wav. .

ADIOACTIVE materials are less apee.

ciadized in their cffeets: they can
produce a wide varicty of cancers, They
may cause skin canecer by direct attack
on the skin, amd lung cancer in penple
whe inhale radiogctive dust. When expo-
sure is intensive and prolonged. as in the
case of the wamen who warked in the radi-
um wateh and cloek dial industry <ome
25 years ago, they produce hone cancer.
And a slight but very prolonged exposure
to penetrating radiation can resalt in
leukemia, a cancer of the blond cells. The
latter kind of cancer ix often found amony
radiofogists - whose  whale  professional
lives have hevn spent in theoretically zafe
and well-pratected dealings with Neravs
av radivactive materiala,

Maost <abtle of ail ecarcinoz-as are
thuse helieved to canse general inetabolic
disturbances that prieduce cancers in u
rouedaliat way. Thus the liver may pro.
duce carcinogens that can cause it ur some
utlier tissue tu turn malignant. Among the
awents thought to have this edect are the
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hydrocarbons, But thee mechanism  ine
vediend fs w0 ubmenre that the caremogrns
ity of tiese subimtaners has not been eom.
ctely prined,

I One aspect of such indireet cansation,
however, is susrvptible of proof, Amonyg
some Newreo tribes working in the gold
mines of Africd, an exeessive incidence of
cancer of the bludder has been traced to
deficiencier in the workers™ diet, It was
foumd that mext of the Negroes had lived
lor years on a vitumin-defieient diet of pap
and sour mitk, Only recently South Afeis
can research workers have succeedod in
preslucing cuncer of the liver in rats fed
just this dict.

N view of the relatise novelty of the con-

cept of enviconmental cancer. and of
the small amount of well-organiznd re.
scarch in this tield, it is not surprising that
mist of the known carcinogenic agents
liave heen found in industry. Here workers
suffer exposures many tines more con.
eenteated than the average citizen en.
counters in a non-indusirial environment.
Fully 90 per cent uf the known carcine.
aenic agents are industeial, and a ~imilar
proportion ol cancers of known cause
arises from carcinngens of industrial im.
portance. These Known agents are listed in
the chart on page 11,

The ditficdlties in the largexcale stady
of carcinogenic agent« are foemidable,

he modern environent is =0 ramified

hat elfurts to evaluate it in terms of lon.

range carcinogenicity may appear nearly
hopeless, Nevertheless, the technigques ale
ready developed in the study of nceupa.
tienal carcinogens may be of zome value
in analyzing the eavieanment as a whole,
even though more refined methads may
have to be developed if such a program is
to be successiul. ' ’

The twa principal methods now used to
uncover the more obvieus oceupational
cancer hazgeds are animal experimenta.
tion and statistical analysis. Cuncers have
heen procluced in experimental animals by
must of the known physical and chemical
carcinngens, Hundreds of other substunces
have heen and are being texted, Some that
have heen shown to be carcinmeenic in
animals have not as vet been proved dan.
serous to man, or else they do not foem a
part of his normal environment, Among
these substunces are urethan, ergot, sele
niunt. and diethivlene glveol.

One aspect ol the work on animals that
is important in considéring homan cancer
i~ the phenomenon known ax “species
«pecificity.” Many carcinogens that cause
cuncer in some animal species have thus

far proved harmless to others. For exame:

ple. certain tars, when eorrectly applied.
prieluce skin cancer in mice, rats, rabbits
and dogs, but not in monkeys, Rats and
mice pet shin cancer from ultraviolet rays.
but rubbits do not. The probability is that
specialized metabolisar is at the Lhottom of
thiz species specificits for cancer, [f ~uch

wetahlie differences were completely un-
derstoesd, human itz miselst be enedowed
with resistanes ta certain types of epneer
by wadifying the imlividual's wetabolic
preswcesses, Such jdeas are still heyend the
realm of practical application in man, In
experimental  animauls, however. cancer
susceptibility or reistance to certain ex-
ternal carcinogens, wieh as several of the
azo dyes. may he ercated at will by the
omission or addition of certain vituming in
the diet.

Without animal experimentation, seiens
tiliec proof of the carcinogenivity of various
subiatances and radiations wauld he nearly
impessible. On the other hand, Jaboratory
experinents aloné cannat prove definitely
that suclt agents are dangerous to man,
Other methds must he usel, and the prin-
cipal instruments se far available have
been statistical <tudies and medical ree-
ords,

In large. unselected population groups,
variations in the incidence of ane kind of
caneer are usually not sufliciently macked
tee he significant, That is why envirenmen-
tal cureinngens are wsually diflicult to des
teet. Up to half g century ao. indesd, evie
denee of speeific estrinsie causations of
cancer was discovered largely by clinical
abervation, Phiysicians practicing in ur
ban or manufucturing arcas began to
nutice a remarkably high incidence of cer-
tain types of cancer among workers in in-
dividual trades, Sueh was the case in the
didgnesis of caneer of the serotum in
chimney sweeps, Diseoveries by direet ob.
servation continue to he made, as in the
case of radium and Neray cancers that we
curred with alueming (requency amonyg
prople working with these agents in the
not so distant pasi.

UT ohservation has its limitations, UUn.
tesn very carciul medicual records are
kept, or unless workers remain in g cur-
vinogenie joby foe many years, the fact that
the job is carcinogenic may escape notice,
Charaeteristic of environmental cancers js
the long perimd hetween the heginning of
exposurs to the carcinngen and the sctnal
appearance of g tumor, A worker whe
leaves a dangerous job before the caneer
appeaes may later develop o malignam
tumor without realizing its oeigin,

The process of tracing cancers 1o theie
source through medical records and health
statistics has heenme a work of <Killed de-
duction, When a given community i~ found,
a0 careful examination of jts illness and
mortality statistics. to have an unusual
number of coxes of caneer in certain sites,
the biometrician at vace suspeets the pres.
ence of an active eavieonmental carcinm
E'.’ll. lr'lc Cllﬂllt:(,'.‘ K"llu)‘ é4re \'l'f" ;rg’ﬂl thd‘
it will be teaced to one op mure (actories in
the area, since a0 fes nondindustrial car.
cinngens have been lound, Conversely, if
it is known that certain plamts are peo.
ducing or using known carcinogens, the
statistician searches fur evidence of an
abnormal  incidence  of  caneer amang

men whe are erploved in these plants,
Obviously snel investigations [sresseent
difficnit problems amid demand o highy or.
der of judument. Tt has often leen saild
that statisties can be userd to prove oth
sides of a question, Eiviconmenal ear.
cinogenesis is go exeeption, .
Anexample in American experienee is
a study which was made some time o of
the incidence of lung cancer ameony 10,000
warkees in an industey suspectel of pro
ducing a  carcinogenic agent, It was
Known from studies in other eonntries that
lung cancers were exeeptionally frequent
in this industey, and there was no evidenee
that the American manufacturing methods
differed in any major eespeet foom those
abroad, Yet this study reported ae luny
cancers at all! In ane gevap of 40.000

. adult males several cases of lung cancer

are hoand to oceur, merely on the bhasis of
the incidence of the malignaney in the
population as a whele, The resuits of the
stdy surely, suggest a lack of thorongh.
ness in the colleetion and evaluation of
data.

CLEAR example of the intellizent ase

ol statistivs as a tool in nneovering
environmental carcinogens i« the way in
which cuncers of the bladder were identi.
fied as an occupational bazard in plants
using the aromatic amine dye jnterme
diates mentioned  carlier. The Tollowing
contposite deseription, based on a number
of Furopean amd American investizations
of this problem. illustrates the methd:

The people in a certain industrial re.
wion have a {requeney of hladder vancee
that is a «light fraetion higher than ner-
mal. The variation is well within the ranege
ol random probability. but the fact that
several cases of thix not tee conmon ma.
lignancy have Dbeen found in a single
community leads to a further stindy of
the region, It is found that the incidence
of Dluadder cancer jumps from 02 per
cent in the prvinee as g whole tn 1 per
cent in the particular commanity muder
study, an increase of 400 per cent, On
further investization it is learned that
amony the workers in a particular dye
plant in the town, 5 per cent are saffering
from or have died {rom bladder canevr—
nearly a 5.000 per cent inerease. Follow.
inyg this clue, every operation in the plant
i studied, and one particular jobis found
in which wver Y0 per cent of the workers
have bladder cancer o have died from it
Olwivusly the focal point of the disease
has heen established.

Iis fram just such relatively <light
statistical  anomalies that muech of the
ariginal esidence of egeeinugenesis in ine
dustey arisex. Of enuirse. 34 mote carcine-
gens become known and are added to the
list, the statistical technigques change, With
the conperation of the imdustries involaest,
medical and poblie health experte g li
rectly inte the plants and <tudy the opera.
tions and the wirkers, Often. homeser
prbilie medical and death records ailer the

13
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iadustries actnally do not know of-the ex.
istenee of cearcinogenic huzards in their

teries, The study is s new that enly

tanta in which the incidence ol specilic
cancers is netoriously high ace aware of
the problem. A few industries do know of
the existence of ecarcinogens in  their
plants.and probably =ome of them have
developed their own methods of coping
with them.

The reluctance of industrial manage-
ments to publicize the existence of a car-
cinnzenic hazard is understandable. for it
enuld cazily become difficult for plants s0
labeled to recruit workers. or even to sell
their commadities. To make factories em-
ploving carcinngenic materials sale to
work-ins furthermore, sometimes requires
extensive and costly alterations, If one
firm makes such alterations and others do
not. the competitive pusition ol its product
is endanpered.

_ Generally speaking. however. cmploy-
ers are no more responsible (oe the lack of
information about industrial cancer than
are the many theusands of physicians who
have cancer patients in industrial areas or
who actually are associated with factories,
It i< an unquestionable fact that an appre-
ciable number of occupational cancers
Jip through the hands of doctoes uniden.
tified. This is due in a great degree to a
general ignorance of the weeupational as.
wets of caneer. Phivsicisns have never
been adequately informed of the basic
symptomatic aml sociological factors in.
volved in identifying accupativnal carcino-

sencesis,

HLE medical profession shoubl be bet-

ter educated about the need for ex.
haustive case histories which carry the
individvals job record in detail back as
far ax 23 years. about the urgeney of check-
ing medical suspicions of industrial cancer
hazards against careful epideminlugical
studies of all the workers in a plant, and
ahout the puramount importanee of ime
pressing plant management with the seri-
sasness of the problem,

The standard protective and hygienic
measures currently used in industry to
combat industrial poisens and other heakth
fazards are not always adequate for the
control ol occupativnal cancer. The {0l
lowinyg case history is a compelling illus.
tratinn: Some 30 years ago workers in one
ol the newer metal industries began to
develop lung cancers. At that time the
caneers were fuund to rémain fatent from
10 to 15 years. The incidenee was unuxu-
afby high in certain operations where the
vareinogenic substanee wits present in pars
ticularly high coneentration as an aic-
Leene dust. An effort. was made to safe.
stard these aperations, Up-to-date vquip-
ment for removing dust and fumes was
installed, amd g standard induosteial hy.
chene progream was inangirated, including
protective clothing, Bot the outeanns was
exactly the apposite ol what had been exe

.

not diminishi: in faet soon alterward van.
cers began to appear among warkers whe
had been exposed {or less than six years. a
much shorter perind than had been pres
viourly obperved, W hat had happened was
that at the time when the protective meas.
ures were adopted the factory had also
hegun to use 2 more finely ground material
to improve production. The Gner dust,

though present in a much luwer concen-

tration than the original material. pene-
trated facther within the bronchi of the
lungx, Thus despite the installation of the
latest in proteetive  devices and  pro-
cedures. the cuncer hazard was actually
increared,

T ix obvious.therefure, that the control
of accupational carcinogenesis—aund
cven to a greal extent of cancers steme
ming {rom more indefinite environmental

closed s that the community be protected
by the prevention of the discharze of car.
cinogenic wastes: that factories e i
censed and duspected; that workers be
provided with protective clathing, couip.
ment and medical sepervision, including
frequent and thorough phy-ical «xamina.
tions. .

The Environmental Cancer Section of
the Institute. which is 3 part of the U: 8,
Public Health Service. is preparing an
immediate. comprehensive campaign of
education and information. the purpu-c of
which is to bring pliysicians to a realiza-
tion of the existence of the problem. Plans
are also under way to make exhaustive
surveys of major industrial areas in the
nation. These studies are vssential pre-
liminaries to the institution of the controls
that Dr. Hueper has sugyested.

Many of the control recommendations
admittedly are far-reaching in their impli-

) Cify .Percent of total Skin cancers
possible sunlight per 100,0C0 zopuiation
Ec a-,:"‘- asta. ‘. A :
C .y, DALLAS 4. 60—80 percent 140
s T
F NEW ORLEANS:  62—64 percent 129
b .,~..,._. ,*‘ ‘: - =
4 N :
i PITTSBURGH |
b x 50—57 percent 37
‘ * v ,
e DETROIT ° 25—40 percent 24
F T hal W _:-n,“-.; 'é ’ . -
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CARCINOGEN IN NATURE is sunlight. Such natural earcinogens, however.
are few. An abnormally high concentration of arsenie in drinking water
has heen shown to cause cancer of the skin and internal organs. Infie.
tions of certain parasites have also heen found to lead to maliznant zrow ths.

agents if and when they are discovered—
is 4 public health problem of considerable
magnitude.This is made even more ape
parent by the scope of a conteal program
that has been propesed by Dr. Withelm C
Hueper. head of the new Environmental
Cancer Sectiom ol the National Cancer
[nstitute. Dr. Hueper, one ol the world's
leading experts on veeupational cancer.
b studicd the problem in he UL 3, and
elsewbiere for muny years, Several of the
clements: of his progeam bhave alrcady
heen put inte effeet in Futopean eountries,
The program propeses that carcinouenic
agents be eliminated from industrial, miti.
tary and civilian use as fare as i possible
and practical : that manulactring prrocess.
es owhich must use cuch maierials be ene

vativns, Years of work will be required
put them into practice with maximal ¢lec.
tiveness, This is particularly true wf the
recsmmendations tor <ocial controls, (n
the technical <ide. some of the clements
can be instituted at once and without ereat
expense, iU manazement and laboer can he
persuaded to agree to them.

For example, effective medical and ~ani-
ey sapervision ol exposett workers can
be undertaken imediacety, This supersie
ston should incluyde Nevay examinations at
frequent intervale: carctul elinical stngy
ul cuspicions lesions: preparation ot .
haatinve and detaibad o analvees und
case historis: regular duacieeis . or semi.
atnoal phveical cvauninationsod alb work.
cra who might posaibly saifer exposure to
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of dangerous plant wpetations to enforce
« cwnstant el lumu-kwpmw and tn' check

' the level of carcinuenic dusts. fumes.
! i mists,

Protective measures for the workmen
themaselves are alsa simple and relatively
inexpensive. although the enforcement of
their use is sometimes made difticult by the
discomfort they cause. They include the
regular wearing of respicators and sealed
clothing whenever expmsure to a carcino
genic hazard is likely. daily showers for
all persans working in or near the hazard.
ous operations. use of sepurate lockers for
street and work clothes. and adoption of
work techniques that will minimize the
dangers of expostre.

Other. and more important. technical
measures are likely to involve heavy ex-
penditures for munagement. In some in.
stances, entire factories would have to
be rehuilt. Others would require costly
waste-control equipment, such as clec
tronic dust precipitators, and extensive
remodeling to encluse carcinugenic vpera-
tions and keep the workers (rom any con.
tact with dangerous agents. Few plants
could afford the necessary changes unlexs
all other plants in the same industry were
required to make the same improvements
at the same time,

N some instances. such chunges might
possibly be undertaken ux a result of
industry-wide agreement. In others,

cxixlative amd administrative enforcement
mizht be essential. Such action would in-
clude factory licensing and inspection by
wovernment. improved compensation laws
reengnizing occupationally acquired can.
cers as compensable. and revision of the
health cudes to make nccupational cancers
natifiable just as are many other dixeasex,
These measures would require coordinated
and carefully planned action on the part
of management. labor, the medical profes.

<ion, state public health and labor depart. .

ments. and state and Federal legislatures,
A precedent for such a progrum has al-
ready been set by the successiul control
af communicable diseases through public
health laws and through the nrgunuul
cooperation in their enforcement of hoth
private and public agencies.

How effective these controls would be in
diminishing the hazards of =till undiscuv.
cred environmental carcinogens is a ques.
tion that only time can unswer. Mean.
while. the known causes of nccupational
cancers would be placed under technieal
and sacial restraint, and patterns would
be »stablishied for the future control of
new carcinnuens as they are found in our
environment. .

Grof Canklin is a scis
ence qwriter and a formter
consultant with the Na-
tional Canerr [nstitute.
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EXTREME CASE of environmental cancer is roprc«cntml by record of aro-
watic amine plant in Germany, O workers direetly in contact with chemical,
9 to 100 per cent cl«-\-vlopml cancer of the hladder, Running from top to
hottom is illusteation of statistical anulysis used to locate such hazaeds.



