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Seientific and technological progress have exposed man

to new physical and cheniical zigeuts. Some are helieved

assoeclated with

HF, industrial era in its full expan.

sinn is barely twie generations old.

vet during that shert period literally
thensands of entirely new chemival and
plicaival eonstituenis have heen added to
-t auman enviseument., Few of these con-
itients have heen exhaustively analyzed
o1 their Jeng-range toxic effect< on man.
Trev are now being stwelied. however, as
pessible contribntors to the rise of cancer.
The weowth in the relative imporiance
ol canerr as a cause ot deatly is one of
the sutsianding medical facts of the past
3t vears, The disease has movesl from
vizhtlt to second place in the U. 8. since
100, and today enty heart ailncats sur-
- == it. The reasons customariiy given fue
this (iﬁg—il]l!ll’l\\'{'(i diagnesis and  the
agire of the puplllalinn—-ulu nont \'nlircl}'

explain it. They provide ne satisfactory -

snswer it the fact that approximately
weeen and @ half per cent of the known
cancer deaths in 1941 ovcorred in age
wreneps umiber 40, There is evidence, more-
v -t that the disease is not an wevitable
consequence of hodily degeneratin duoe to
ane. aithoueh the changes of sencseence
wieier certain conditions may  be
tributing factors, [t seems certain that
e §xoa fet increase in true caneer
dectus, if onlv because fewer people div
trogt otlier diseases tan in the past

\n explanation of this increase and of
the catses ol the disease is thercfore

oM.

beine sonzhit in pur envirenment, so mueh’

e e muiplex than it wa~ in 1900. 'l‘h_u
imvestization is focusemi on carcinezenlc
aents, as tie substanees that produce
v are callul and on the general
anEslion of the exteng e whiciv the o
¢ sein canrer muy beooaneed by gueents
o ¢ tho ltitheeerte

CrvIronment have

the rise of cancer as a cause of death

by Groff Couklin

heen considered comparatively harmiess.

[t has heen cxtablished that certain
agents o which propic are exposed in in-
dustrial sccupations canse cancer il the

[ ) .-
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CARCINOGENS known to hwe pres
ent in haman coyivonsaent arve cliesse
led, Less certain azents are i italios,

-

vxpositre to them is sufficiently intense
and pralonged, A< an exampie. over 73
e cent ot the miners in the Sehnechery
cabalt-uraniam mines of Geemony die of
tung rancer: more than 30 per cent of
thosse in the Joachimsthal wraniem nrines
across the burder in Czechoslosakia div
of the sate cause. In the 18th century it
was {earned that among chimney =sweeps
expused to intense concentratiens of sont.
deaths from canver were hetween three
and {onr times as ltigh as these in the gen.
eral population. {1 is knewn alsn that
certain eommon  ~ubstances in concen.
trated doses can produce cancer; {or ex-
ample, mouth caneers are uncommaonis
fregquent in a tribe in [ndia which cmekes
cigacs with the lichted emd in the mouth,
This rauses them to saller frequent buras
and to receive g cancentrated dosage of
tahaceo tars.

Muhough these are special cases of
intense exposure, they naturally snguest
sprenlation as o whether the average
Luman being's relatively mild b dong-
continued exposee to new substances in
a contaminated gtnsphere, in processed
foads, in cosmetues and in otleer elements
ol wur environnent may he a contribitery
catise of cancer. W have g vet no cen-
clusive evidence for or against ilis peossis
bilitv. We have on accurate estimate of
how many ol the artibicial substances
commun 1o our industrial eivilization mav
be cateinogenic ander specad ctrct.
staneesnor ow many seennnely harmle -
~ub=tances, nteeacting with otivers hat
appear (o be eqralls snpoctaus, msy e
A carvinegenic cesoils,

There

W, ol Cneggee, Aty fienries
abenl raneer’s cansess el ontere -
rettaiiens s toe Lewiv, ehanzos o vell
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ORIGINAL SITES of maliznant growths due to carcinogens in the en.
vironment are seattered wmong almost all the organs of the bhody, Sane
agents. such as the arematie amine dye intermediates, repulacly affeet the
~athe orzans even though they may use any one of many routes for attack,

metahadisni tissue dezencration, virse.
and = s Most o these thearies, Tiow.
ever. aleseribe mechanisms rather than
tirst causes. Lideed. with two or turee ex.
ceptivus all of them zeem to require the
presence of 4 triggering agent.

Pussibly the mast fruitful current theary
i< the one that attributes cancer te muta-
tians in hady cells, Cancer-causing muta-
tions. it has been demonstrated by experi-
ments. way be produced by ultravielet
radiation. Xerays, radivactive substances,
and a number of chemicals. While more
than Y9 per cent of all cancers are still
of unkaown origin. neacly all of those
for which a proved cause has been found
arise d+ the result of external agents,
These seem tu mutate the cells into a state
which is. or can become. cancerous.

The methmds by which these external
agents act upon the bdy vary consid-
erably. depending on the substance in-
volved. Some  carcinogens mdy cause
cancer direetly. Examples of these are tar.
the mincral vils snd certain dyve intermedi-
ates kaown as arematic amines. Tars gen-
erally alleet the skin. Mineral oils may
cause cancer of the lungs through inhala.
tion. The arematic amines, strangely, cons
centrale oo the bladder. no matter wiat
their ronte of attack. Whether tuey enter
the hundy throngh the respiratory ~vstew.
the mouth or the skin. they gravitate to
the seniln-urinary svstem and there huild
ip a concentration that eventually causes
vaneer.

Other zents seem to canse cuncer by
altering argans so that the argan itsell pro-
duces a carcintogen, resulling in a fancer.
The mechanism of this transformiation is
Tinthe undeestoad, It is known that suome
radiations and certain metallic componmls
including the chromates, the arsenicals,
nicket carbonvl and possibly  asbestos,
cause cancer in this relatively roundabout
way. .

ADIOACTIVE materials are less spe.

cighimd in their effects: they can
pracduce a wide varicty of cancers. They
may eanse =hin vaneer by direct attack
on the »kino and leny cancer in people
whe inhale radivactive dust, When expe-
sute is intensive and prolonged. a- in the
case ol the wimen whe worked inthe radi.
e wateh andd clock dial industey some
23 years ago. they produce bove cancer.
And a ~light but very prolonged expusure
to penetrating radiation can resoit in
leukemia. a cancer of the hlund cells. The
Tatter Kind of cancer iz often founn amony
radiologists

whoee  whale pru(c»iund]
five= have heen spent in theoretically safe
and well-proteered dealings withe Nerays
ar radiswrtive materials,

Mo-t subtle of ail carcineuw-ns are
thewe belivved 1s canse general aetabolic
Jisturhanees that priuce canvers in s
roundabont wav. Thus the iiver may pro-
Juce carcinosens Hiar €an cause it or some
viher tissue to turn malignant. Among the
serents thought ta have this edect gre the
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ll}"l:’l;i'ilflKDOI‘. But tne wechanism  ine

vilvinl is seo obmenire i the varenen-

{r10x of Uiese saletaners has nat been cont
ctely prined.

One aspect of saelt indiceet causation.
lhmever, is suseeptible of prool. Nmeng
wane Nezeo Lrifies working in the godd
mites ol Alrica. an excessive incidence of
canver of the bladder has been traeed to
deficiencies in the workers™ diet. It was
fonnd that most of the Negroes had Jived
Lir vears on g vitantinsleficient diet of pap
and sour milk. Oniy recently Soutle Afei-
van research, workers have suececded] in
preducing cancer of the-liver in rats fed
just this divt.

N view of the refative nevelty of the eon.

cept of emironmental cancer. and of
the smnall ameount of wellarpanizasd re.
scarcly in this Aekd, it is not saeprising that
nest o the known carcinogenic agents
luve heen found in industry, Heee workers
suffer exposures many 1inws more con-
centrated  than the average citizen en
counters in a non-indusirial environment.
Fully 90 per cent of the knawn carcine.
aenic arents are indwostrial. and a similar
proportion of cancers of Known cause
arises from carcinegens of industrial im-
portance, These known agents are listed in
the clart o page 110

The dithiculties in the largeseale study
of carcinosenic agents are formbluble.

he mewdern environment s so ramificd

hat efforts to evaluate it in teems of long.

range carcinogenicity may appear nearly
hnpeless. Nevertheless, the technigues al-
realy developed in the study of acenpa-
tivnal carcinmgens may he ol some value
in analyzing the enviromment as a whele
even though mere refinel methmls may
have to be developed il such a program is
1o he success{ul. ’ '

The two privcipal methods tow used to
wncover the mure ubivious occeupational
caancer hazards are animal experimenta-
tisn and statistical analvsis, Cancers have
bern produced in experimental animais by
most of the known phiysical sud chemical
carcinogens, Hundreds of other subistances
bave reen and are being tested, Some that
have been shawn to le carcinegenic in
animals have nat as ver been proved dane
avtous to man. ot clse they do nol form a
part of Lhi= normal covironment, Among
these substancex are urethai., crgot, sele-
ainm. and diethylene glyveol.

One aspect of the work o animals that
i impuortant in eonsidering haman cancer
i« the phenorwenan known as “species
specificity.” Many earcinegens that couse
cancer in some animal species have thus

lae proved harmbess to sthers. For exame

e, certain tars, when eorrectly applied.
procduce skin cancer in mice. rats. rahbiis
andd dogs, hut not in moenkeys, Rats and
mice et shin cancer (rom uhiraviolet rays,
but rubbits dw net. The prohability iz that
= pecialized metabolisor is at the bhottem of
this species specificity fue cancer. [ -neh

wetaludie dilferences were completely une
elerstousl. lunman beings neishs e endoned
witlt resistanee ta certain 1gpes of caneer
by mndilving the individual's wetabolic
provesses, Such ideas gee =l hevend the
realm of practical application in man. ln
experimental  animals, however, cancer
suscrplibility wr resistanee 10 certain ex.
ternal carcinogens, suell as several of the
azu dves, mav be created at will by the
omission nr wddition of certain vitamins in
the dict.

Without animul experimentation. scien.
tifte prowf of the carcinogenivity of varions
substances and radiations would he nearly
impessible. On the other hand, laborataey
experiments alined canant prove detinitely
that such agents are dangerous to man.
Other methods must be usesd, and the pris.
cipal instruments s far available have
heen statistical studies and medical sec-
ords,

In large. unzelected population zrmips,
variations in the incidence of ane Kind of
cancer aee usaably not sulliciently marked
tor be stzmificant. That i« why envirenmen-
tal careinogens are wsually diffieuit to de-
teet. Up to half o centuey o, jondeed, evie
denee of <pecifie extrinsic causations of
caneer wiss discoveral largely by clinical
obiservation, Phvsicians practicing in ur-
ban or smanufacturing dreas began to
native a remarkably high incidenee of cer-
tin types of cuncer asmy workeres in in-
aividual trades. Sineb was the case in the
stigunosis al euneer of the =crotum in
chimitey sweeps, Diseoveries by direet vb.
servation continae to e made, a5 in the
case of radiem and Xeray cancers that e
enrreel with alarming frequency amony
people working with these agents in the
ne s dlistant past,

UT abservation has its limitations, Leo-
less very careful medival records are
Kept, wr unless workers remain in a car-
cinngenie job for many vears the fact that
the jals is carctnogenic may eseape witice,
Characteristic of enviconmental cancers is
the long perimd between the heginning of
exprsuris 1o the careinegen and the actual
appearance of a tumor, A worker whe
leaves a dangeeons job before the cancer
appears way later develop 3 maliznant
tumor witlout realizing its oeigin,

The pracess of tracing cancers to their
souece throwgh medical vecords and bealth
statisties has breome a wark of sKitled de-
duction, When a given community is found.
on careful examitigtion of it illneas wnd
mortality statistics. to have an anusual
nuibier of cases of cineer in certain sites,
the bivmetrician at unce suspects the pres.
ence of an active environmental earcinne
wen, The chances tday are very grea Hat
it will be traced to one o mure factories in
the area, stnece so few nou-tnednstrial cyr-
cinngens have beew lownd. Conversely, il
it is koown that certain plants are pro-
ducing ot using knewny careinpsgens. the
<tatistician searches lor evidence of 3w
ahaermad  incidence  of

cyieer  Juneny

men whe are” vaploved in these planis.

Obviously suelt imvestigations prosent
didltenll |m-lnlmn.- and desnand 4 bk or.
der of judoment, (U has often Devn <ail
that statistics can b a=erl 1o prove Dresth
sicles of @ question, Favicenmental cag.
cinogenesis is ne exeeplion,

Anesample i American expericnee is
a study which was made scome tinte ago of
the incidence of s cancer amon LO0G
workers in an industry saspected of pros
ducing  a  carcinewenic agent. It was
known froent studices in other comntries thai
g cancees were exeeptionally freequent
in this industey. ami there was e evidence
that the American manufzeturing methols
differed in any major cespect foon thee
abroad, Yet this studs reported an lung
cancers a1t all! In any gevap of 0000
adult malex several cases of lunyg cancer
are hound to occur. merely on the ha=is of
the incidence of the maltgtaney in the
pognilation as a whede, The results of the
stnly suredy. siggest a dack of thoreughe
ness i the esdlection anid evaloation of
data.

CLEAR example of the inteligen ose
wi statistics as a Leal in uncnering
environmental careinosens i« the way in
which canecers of the hladder were identi-
liedd as an eccupational hazard in plams
tsing the aramatic amine Jdve interie
diates meutioned carlive. The following
cunprsite sleseription. hased on a wamleee
of Furepean and American investizations
ol this problem, illustrates the neetlowd:
The people in a certain industrial re-
gion lave g frequeney of bladder cancer
that ix a slight lractien higher than aer-
mal. The variation is well withim the ransge
of random probability. it the fact that
several cases ol this vol teo common ma-
lignuney have heen (oumd in a single
commmanity leads to o {urther stuly of
the region, 1t is found that the incidence
of bliclder cancer jumps frone 02 por
cent in the prvinee as g whale tn 1 quer
cent in the paeticular commanity ander
study. an increase ol 400 per cent. On
further investigation it s learned that
among tle warkers in a particular dye
plant in the towa, 3 pee com aee ~utfering
from or have died from hladidee cancer—
wearly a 3.000 per cemt increase. Follow.
iny this clue. every operation in the plant
i~ studivel, and one particular job is fboad
in whicl over 90 pes cent of the workers
have bladder cancer ve have died from it
Obvionsly the focal point of the discase
las Leen established,
1t s frome just such relatively <kight
stutistical anomalies that much of the
arivinal evidence of carcinogencsis i in-
dustey arires O conrse as meoee carcine-
sens hecame Known and are added 1o g
Fist. the statistical techntaueschange, With
the eouperation of the industries invalvad,
orertical and public health experee e
rectly into the plats and ctudy the vypera.
tions il the Otten. Juimeser
puhdie inesticad aneksleath records ailer the

Wl ke,

13



snly reliabile smrce of infoermation, Many
iadistries actvatly du not kpow obthe ex
i-tenee of carcinogeniv leards i their
ctarics, The ~tidy is 0 aew that enly
vamts in which the incidence of specific
cancers i= notationsly high are aware of
the proldem. A few indusiries do kiow ot
the existence of carcinegens in theic
plants. aml probably some of them have
developd their awn methods of coping
with them.

The reluctance of industrial manage-
ments to publicize the existence of a car-
cinvwenic hazard is understandable, for it
cwald casily become diflicult for plants so
labeied 1o recruit workers, or even to sell
their commodities. To make factories ems
ploving  carcinugenic materials safe to
work in. {urthermore. somctimes requires
extensive and costly alteratinns, [ one
firm makes such alterations and athers do
not. the competitive position of its product
s endangered.

Generally speaking. however. cuploy.
cr= are no mare cesponsible for the lack of
mformation about jndnstrial cancer than
are the many thousands of physicians wha
laave caneer paticnts in industrial areas ue
who actually are associated with factories,
It is an unquestionable fact that an appre-
ciable number of occupationul caneers
<lip threugls the hands of doctors uniden-
tified. This is due in a great degree tu a
seneral ignorance of the accupational as-

weets of caneer, Physicians have dever
been adequately informed of the hasic
svarptoamatic aml sucivlugical faetors ine
volved in identifying accupational carcine-

Lenesis,

HE medical profession shoubt be et

ter vducated about the need for exe
haustive case histories which eaery the
individoal's job record in detail hack as
far as 25 years. about the urgency of cheek-
iny medical suxpicions of industrial cancer
hazards against careful epidemislugicsl
atudivs of all the workers in a plant. and
almut the paranount impuortance of im-
pressing plant management with the scri-
wasness af the problem.

The standarl protective and Lypienic
medsures enrsently used in industey
combiat industrial poisous and wiher heaith
hazapds are not abwass adequate for the
control ol occupational cancer. The fol-
Jowing case history is a compelling ilhis
tration: Sewme 30 vears ago workers in one
ol the newer metal indostries began to
develop lung cancers. At that time the
canvers were found to remain Jatem from
10 1o 15 years, The incidence was asusu-
ally Lizh in certain operiations where the
('&u‘rinn;cnic substunce wus pn‘m.'ll( i pare
vienlarly high conventralivg as an -
ferne ddust, An cifort was made o sale-
cuand these aperativis., U prtosdate eoquipe
ment Gor remning dust and fumes was
instadbed, and a <tandard industrial hy-
niene program was inangurated. inchiding
protective clothing, But the onteonse was
exartiy e opposite o what lad heen ex

pected. The incidence af lung cancer did
nest diminishis in fues =oon alierward v
cers began to gppear ameng workers whe
had been exposed Doy fea than =ix sears. 4
nrely shogter periodd than had been pre-
vieusly observed, Witat had happened was
that at the time wien the protective meas-
ures were adopled the factory had also
begun to use a more finely ground material
to improve production. The fner dust,

thuugh present in a much lower concens

tration than the original material, pene-
trated Carther within the brouehi of the
lungs, Thus despite the jnstallatinvg ol the
latest o protective devices and  pro-
cedurex. the cancer hazard was actually
increased.

T is ebvisus..therefore. that the contrul
ol wecupational carcinogenesis—and
cven to a great extent of cancers stem-
ming (rom mere indefinite environmental

closed s that the rommnnity Le protected
by the prevention ol the discharee of car-
citogenic  wistes: that factories bie ii-
censeal and inspected; that workers be
provided with protective clthing. enipe
ment and medicad supervision, including
frequent and thorough phy-ical examing-
tions. .

The Environmental Cancer Section of
the Institute. which is 1 part of the L2 8.
Public lleaith Service, is preparing an
sumediate, enmprehensive cumpaien of
celucation and information. the purpe-e of
which is to being plivsicians 1o a realiza-
tion of the existenee of the problem. Plans
are also under way to make exhau-tive
surveys of major industrial areas in the
nation. These studies are vs=ential pre-
Jiminarics ti the institntion ol the controls
that Dr. Hucper has suggested.

Many of the control recommendations
admittedly are tar-reaching in their inpli-

-

City _Percent of total Skin cancers
possibie suniigar per 190,000 popuiation
e DALLAS 60~-80 percent 140
-"_-k P
t e

NEW ORLEANS -

: g - 62—064 percent 129
" -, . ',-* . ‘.;, ) %
J PITTSBURGH ~ _
B *x 50—57 percent 37 |
: * :
5 DETROIT ° 25—40 percent 24
L e ey : :

CARCINOGEN IN NATURE is sunlizht. Such natural raceinogens, however,
are few. An abnovmmally high concentration ol arsenic in drinking water
has hoen shown to ecause cancer of the skin aml internal organs. Infee.
tions of certain parasites have also been lound to lead to maliznant zrow ths.

agents, if and when they are discoereid—
is a public iealth prohiem of considerable
magoitwies This i mde even more ap-
parent by the seope of a control progeam
that has heen propused by De. Willhedm &
flueper. head of the new Emvironwental
Caveer Scction wl the Natioual Cancer
tnstitute. Dr. Hueper, sae of the world’s
leadig experts on secupational cancer,
Bas studicst the probiem in the U050 and
clsewhere for many veuars, Several of the
clements of lis progean bave alrealdy
heen put e effeet in Futepean countrics,
The program propeses that carcinogenie
agents be eliminatet feoo induserial. il
taey aned ivilian vae as Tae as i prorssible
atud practical T hat manelaenering prueess.
va whicl mast uee cuch maierials be ene

cations, Yraes ol work will bhe requires to
pot threm s praciice with maximal ¢fee-
tiveness, This i~ particalardy true of the
recomtendativons tog social contrals, (i
the technical side. some ol the elements
can e institnted at once and without 2reat
vApense, it manasement and laber can he
per-uaded (o agrec e thea.

For example. etfective medical and <ani-
lur}' ~u!n-r\|~;uu ol c\lins-'ql \\’--l‘kc,‘r~ van
be wadertaken muedsately, This siperyis
st shoubd wclade Noras L-\;mliu;sll'.m-‘ at
Urequent inlersalss careral ctisaeal sty
ot sispicioas Jesions: preparation ol -
hatstive amd detalbed job analvees ad
cyse fist st resnlar quastecls oF scm-
anitud) phveical ovamimabions ol all werne

ers who mizitg peesibls “ubier exXpeuie te
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e careinngenic agents: 3 constant review
* of dangerous plant operstions to enisree
« convtant gomd housekeeping and to check

the level of carcinugenic dusts, fumes.

Al mists,’

Protective measures for the workmen
themselves are alzo simple and relatively
inexpensive, althouygh the enforcement of
their use is sometimes made difticult by the
discomfort they cause. They include the
regular wearinyg of respicators and sealed
clothing whenever exposure to a carcines
genic hazard is likely. duily showers [oe
all persons working in or near the hazard-
vus operations. use of separate lockers for
street and work clothes. and adoption of
waork techniques that will minimize the
dangers of exposure,

Other. and morce important. technical
measures are likely to involve heavy ex-
penditures for munagement. In some in-
stances, entire factories would have tu
be rebuilt. Othiers would reiuire costly
waste-control equipment, such as clec.
tronic dust precipitators. and extensive
remodeling 1o encloxe carcinogenic opera.
tinns and keep the workers from any con.
tact with dangerous agents. Few planis
could affurd the necessary chunges uniess
all uther plants in the same tndustry were
required to make the sume impriwements
at the same tine.

P — o
¥
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N aome instances. sueh changes might
possibly be undertaken us a result of
incdustey-wide agreement. In athers,

egislative and adminisirative enforcement
mizht be exsential. Such action would in-
clude factory licensing and inspection by
government. improved compensation laws
recognizing occupationally acquired can-
cers as compensable. and revision of the
lLiealth cudes to make sceupational cancers
netifiable just as are many other diseases,
These measures would require covrdinated
and carelully planned action on the part
of management. labor, the medical profes
<inn., state public health and labor depart.
ments, and state and Federal legislatures,
A precedent for such a program has al-
ready been set by the successful control
of communicable diseases through public
health laws and through the urganuctl
Cmupernlinn in their enforcement ol hoth
private and piblic agencies.

How effeetive these contrals would be in
diminishing the hazards of still undiscov-
cred envirnamental carcinogens is a ques.
tion that enly time can answer. Mean.
while. the known causes of uccupational
cancers would be placed under techaical
and sacizl restraint. and patterns would
be »stablished for the future control of
new carcinogens as they are found i vur
environment. .

a

Groff Canklin is a sct-
ence writer and o former
consultant with the Na-
tiona! Canrer [nstitute.
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