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ANCER AND ENVIRONMENT

Scientific and technological progress have exposed man
to new physical and cheniical dgents. Some are helieved

associated with

HE industrial era in it« full expan.
sion s barely (wa seneratione ald,
yet daring that shert periol literally

“theneands of entirely new chemical aned

phiveical constitents have heen adiled to
{ - Cuman environntent, Few of those con.

ituents have heen exhoustively analyzvd
or their long.range toxic »ffects on man.
Tres dre now being stulied, however. as
pesseible conteibutors 1o the rise of cancer.

The geowth in the refutive importance
of cuncer as a cause of death is one of
the sutstanding medical facts of the past
M vears, The disease has movedd (emn
vightit to second plice in the U. 5. since
1. and trwiay only heart ailinents sur-
{++== it. The reasons custumurily wiven foe
this rise—improved diagnosis and the
geiry of the papulation—dn not entirely

explain it. They provide no sati<factory -

answer 1o e fact that approximately
seven and g hall per cent of the known
cancer deatle in 1915 acenrrel in age
geoneps undie 40, There is evidence, more-
¢« o that the disease is net an inevitable
ennsequence of hudily degeneration due to
age. although the chanses of senescenes
wier certgin conditions may be cons
tributing factars, [t =eems certain that
B s @ net increase in true caocer
desihiag it only hecsuse fewer people div
Iromit other aliseases than in the pust.

\n explanation of this increase and of
the causes of the diseuse ie thercfore

being <ought in‘our environment, so murch

wecre complex than it was in 1900, Thw
intestization j< fucu<e] on carcinergvnie
Aweatss as the substaners that prsduce
torvre gre called, and ~n the general
Aqueslion o8 e oxtent to whieh the ine
sl in egeer may lee varard 11)' duents
it he enviconment ther have hithertes

the rise of cancer as a cause of death

-

by Groff Conklin

Leen considered comparatisely harmless,

It has Dheen cetabidished that ceetain

agents to which pewpic are expmed in in.
dustrivl vecupations canse cancer if the
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CARCINOGENS Lknown to he pres.
ent i laman cos iromment aee clase)e
fieed, Lose certuin azonts are in italics,

- -

- ..

exposure to them ix sufficiently intense
and prolonged, Ae an example. over 73
per cont of the miners in the Sebnechery
cobulturaniom mines of Germany die «of
lung cancer: mnre than 30 pre vent of
these in the Joachimsthal nraninm ntines
acruse the boeder in Czechostvakia die
of the same cauxe, In the 18th century it
wos learned that among chimney Swerps
expused th intense rancentrations of s,
deaths from canver were betwern theee
and four times ax high ax those in the gen.
eral population, [t iz knuwn alse tha
certgin common substances in eoncen.
trated doses can prodnce cancer: for exe
ample, mouth eaneers are uncommants
frequent in a tribe i India whiel smokes
cimars with the lightel end in the moutl.
Thix causes them to suller fregquent hurns
and to receive a concentraten] dusage of

tohucen tars,

Mthowgh these are special cases of
intense exposure, they naturally <ngsuee
specatution as G0 whether the avergge
human heing's relatively mild bt long.
continned exXpiasire B new sithstanees in
a contamingteed gtmasphiere, in processe|
foeds. in cosmetios and in other elements
ol aur environment may be a vamiributory
cittemee of cancer. We have ae yet ne cone
clusive exvidence fne oe against this posaic
bility, We lave no aecurate estimate of
how muny of the artificial substamoes
comman ta our indistrial civilization may
be carcinngenic ander <pecial cirenu.
staetaa, Neor h-'w n'.un.\' ﬂwenl;ll';‘}' 'laﬂlll' ‘-
sithetunces, interavting with otlers gt
aprpear b be equaliy innucaons. Ay e
dhtee carcinogenic resulty,

There are. ol vonree, mamy Hieneiee
abone vaneet’s cansea: elironie inteen -
frrttations i the luwbve chan zes g cedl
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ORIGINAL SITES of taliznant srowths due 1o careinogens in lhc e
virotment are seattered wnony .llmo»( all the orzuns of dw body. Soane
agents. such e the aromatic wmine dye intermediates, regulaely alfeet the
sithie orguns evew though they may use any one of many routes for attack,

wmetabnlisan tissue degenergtion. siriees.
aml o v, Mart of these thearies, how.
ever, deserrlse mechanisis rather than
first canses, Liudeed. with two ur taree ex.
ceptinons all ol them xeem to require the
presence of 4 lrl"-'vrm" agent,

Possibly the most fnul[ul current theory
i< the one that attributes cancer to muta.
tions in budy cells, Cancer-causing muta.
tions. it has been demonstrated by experi-
mente, may he produced by ultraviolet
radiation. X- -rays. radinactive submtances,
and a number of chemicals, While more
than Y9 per cent of all cancers are still
of unknown wrigin. neatly all of thuse
for whicl a4 proved cause has heen found
arise as the result of externai agents,
Theve seem 1o mutate the cells inte a state
which is. «e can become., cancerous.

The methuds by which theze external

agents act upon the body vary cnnsid.
erably. depending on the aubstance in-

volved, Some  carcinegens may cause
cancer direetly. Examples of these are tar.
the mineral oils and certain dye intermedi.
ates known us aromatic amines. Tars gen.
erally aifect ahe skin. Mineral oits may
cause cancer of the lungs throngh inhala.
tion, The aromatic amines, steangely. con-
centrate on the bladder. ne matter what
teir ronte of artack, Whether Gy enter
the bedy through the respiratory svstem.
the mouth or the skin. they gravitate to
the genitoeurinary =vstem and there build
up a eoncentration that eventually canses
Lancer,

Othier apents seem tu caure cancer by
altering organs so that the organ itelf pro-.
discex a rarcinogen, remlun" in & cancer.
The mechanism of this lr.ms[urm.mun is
titde undeestond. It is Aoown that some
rudiations aml eertain metallic conpounds
including the chromates, the arseuicals,
nivkel curlmnyl amb pussibly  asbestos,
canse cancer in this relatively roundaboat
wav, .

ADIOACTIVE muterials are tess spe-

cializsd in their etleers: they cun
produce a wide variety ol cancees, They
may cause skin caneer by Jirect attack
o the =kin. and luny cancer in peaple
whe inhale radingetive dust, W? hen expi
sure s dntensive amd prolonged. as in the
s ol the women who worked in l'ln- radi-
um wateh aned clock dial industze <ome
25 vears apo. they produce e cancer.
And a slight but very prolongedt esposure
tn peactrating radiation can result in
lenkemia, a cancer of the bluad ecells, The
latter kil of cancer is oiten Tound amony
radiclogisis - whiee  whale  peofessional
lives Iiave heen spent in theoretically safe
and welb-protected dealings with Xerays
ar eadivactive materials,

Mot wubile of 4il careinozens are
those helicved th cause general mmetabalic
disturbances that prinince cancees in a
roundaliout way. Thus the liver may pro.
disee carcinogens that can cause it ur some
sther tissue tos turn mulignant. Amaong the
arents theught to have tlu:- efect are the
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. Lu dves aud certain eblnrinated aliphatie

hydroearbons, gt e wmechanism  in.

vedvonl ds s wobimarsiees that the rare ot

0% of these sulntanees has not heen enm.
ctely prined,

e aspeet of paelt indiesct causating,
Tomemver, is ssvptibile o prool, Among
smvee Negen teilwes working in the gold
it of Alricd, an exveessive incidence ni
caneer of the bhludider has been traced to
deficiencies in the workers™ dict, It was
found thut mext of the Negrines bl lived
lar years un a vituntinedeficiont diet of pap
and sur mitk, Only recently Sowh Afei
van eeveareh. workers have soveeedimd §n
prostucing cuncer of the liver in rats fod
just this dict.

N view of the relative novelty of the enn.

cept of envicnnmental cancer, and of
the small amount of welbargunizng re
scarch in this field, it i not sarprising that
mast of the known carcinmgenic agents
have heen (ound in industry, Lere workers
suffer exposures many tinws more con.
centedted than the average citiven en.
cutilers in a non-inusirial envirmmpnent.
Fully 90 per cent of the known carcinee
aenic agents gre industrial, and a similar
propartion of cancers of known cause
arisex from earcinmgens of indusirial im.
prrtance, These known agents are listed in
the churt on page 11,

The diflicultics in the largescule study
of carcinugenic agents are foemidable.

he melern environment is s ramitied

hat elfortx to evaluate it in terms of fong.

range carcinogenicity may appear nearly
hopeless, Neverthuless, the techniques al-
ready develuped in the study of weengu-
tienal carcinonrens may be of some value
in analyzing the enviesnment as a whohe,
even though more cefinel methwts may
have to be develaped if such a peogeam is
tes lie suceessful, ‘ '

The twe principal methmls now osedd to
uncover the more abvions secupationa
vancer hazards are animal experimenia.
tion and statistical anulysis, Cancers have
been preciuced in experintental animals by
mast of the known physical and chemical
carcinngens. Hundreds of other substances
have been and are being texted. Some that
have heen sbown to he curcinmeenic in
animals have net as yet heen peoved dane
RUreus to man, o else they din et foem a
part of hix normal enviesnment, Ameny
these substances are ueethan, ergot, selee
nium. and dicthylene glyeal,

One asprect ol the work wn animals that
is important in considering linman caneer
is the phennmenon known as “specien
pecifieity.” Many carcinogens that cause
cuncer in some snimdl species have thus

far peoved harmless to wthern, For exame”

ple. certain e, wien eorrectly applied,
peswluce skin cancer in mice, eats, rabhits
and dogs, at oot in monkevs, Rats and
mice get shin cancer frane ultravinlet ravs,
but subbits du not, The prolehility is that
=pecislized metablism i< at the hottom of
this s‘p(’(‘;es iilcciﬁfi‘.\ for canecr. 16 =neh

metalilie differenen were eompletely une
ederstonnd, hymun Iwingge misghit I erabos el
with resistance tw certain types of cpneer
by wedifying the imlividual's metabalic
prrscessen, Such idogs e still hevend the
readrs of practical application in nan. o
experimental  animals, liewecer, cancer
stsceptibility we reistanee 10 certain ex-
ternal carcinngene, wuel as several of the

- 020 dyes. may he crcoted at will by the

omission or adidition of eertain vitoming in
the diet.

Without animal experimentation, seien-
itic preool of the carcinngenicity of varinues
substanees and radiations wouid Ine nearly
impessible, On the sther band, laboratory
cxperiments alwng cannat prove definitely
that such ugents are dangerons to man.
Other methonls st e usel. und the prin-
vipal instrments o far availadile have
been statistical studies and medical ree
orily,

In large. unselected population groups,
variations jn the incidence of ane Kind of
cancer aee usually st sufliciently murked
tee b sigenificant, That ix why environmen.
1al corcinugens are usually difhienlt te gje.
teet. Up to hall g century auo, imlesd, o
denee of specilie estrinsic cansations of
cancer wan discovered largely by clinical
observation, Physicians practiving in wr.
han o manufucturing arcas began to
netice & eeraarkably high invidence of cer.
tain types of caneer anony workers i jne
dividual teades, Siech was the ease in the
didgnesis of caneer of the serotum in
chitiney sweeps, Discoveries by dicoct ol
servation continue o lwe make, as in the

case of vadinm and X-ray cancers that .-

enrreed with alarming feequency Untemy
people woeking with these agents in the
nat xe distant pasi,

UT nbmervation hae its limitations, Un.
lesw very carelul meeival recoeds are
kepl, of unless workees remain in « car-
cinogenic jub fine many years. the fact that
the jub ix carcinngenic may escape notice,
Chargcteristic of enviconmental cancers jx
the fong period hetween the beginning of
expesure to the carcinngen amil the actual
appeacatice of & tumor, A worker whe
leaves a dungerous job hefore the caneer
appears may latee develp a malignam
tumer without realizing its oreigin,

The process of teaving cancers to their
souree through medical rocerds and legltls
statistics bas-beenme a work of skilled de.
duction. When @ given community is lound,
on careful examination of its illness and
mortality statisties. to have an unanaal
nunther of caxes of caneve in certain sites,
the hismetrician at vnce suspects ie pres.
ence of an active enviconmental carcinoe
gem The chunces tnduy are very great that
it will be teaced 1o one ve more factories in
the ared, sinee roo few noneimlustrial ecur.
einogens have been Jouml, Conversety, if
it i~ known that certain plants are jien.
dacing ot using knewn carcinogens. the
statistician scarches fnr evidence of sn
abnacmal ineblenes  of cancer among

men whe are’ vraplover] in these plants,

Obsinusly cuel imvestigation. [rPesse-nt
diflicelt pesldems amd demand 4 $iinely wore
der wf judwisent. Tt bas wlten fusen saaied
that statisties can be vl 10 prove Inal,
sides of a question, Eaviconmental rar.
citlngenesis is du exeuplion, v

An example in Ametican experivner i
a <ty which was nusde e tinee Qe of
the incidence of hing cancer amon 10,000
warkees in an industey suspectel of pri-
ducing a  ecarcinogenic agent, It wase
Luewn from stindies in wther eounteies thai
hanye cancers were exeeptivnally fredquent
in this industeyv, and there was neeidenee
that the Apierican mannfactoring imetheds
differed in any major eespeet fomm thime
abrowd, Yet this staiy reported v luny
canvers at all! In any wowap of 10,000

- adult males several cases of lunye cancer

are beand to sceur, merely on tie basis of
the incidenee of the malignaney in the
pmpulation as a whele, The resielts of the
sty surely, suggent g laek of thoewrgh.
ness in the collection and evaluation ol
duty,

CLEAR example of the intellisent yee

ol stutisties as a teol in uncecering
envirommcnta] carcinoecns i< the way in
which cancers of the bladder weee identis
livdd o5 an sccupational bazard in flanes
wring the arematic amine dve interses
diates mentioned carlier. The lesbfoswineee
eomtposite dleseription. based an 2 nymbeee
of Eurnpean and A\inerican invetizations
of this problem, iltustrates the metsi:

The people in a certain indostrial e
gione lave a frequency of Madder eancee
that ix a light feaction higher than por-
rmal. The variation is well within the cange
of randem probability. but the faet thar
several cases of this net e comne wa-
lignaney have been found in a single
conumanity leads to 3 further study of
the region. 1t is found that the incidence
of blakler cancer jumps from .02 prer
cent in the provinee as o whele e ] poer
cent i the particular community wnder
study. an inerease of 00 per cent, On
further investigation it s learned thar
amaong the workees in a3 particulae dyve
plant in the town, 3 per cont aee suffering
from ar have diet (rom bladidee cancer—
nearly 4 3.000 per cem inerease. Folluw.
g this elue, every speration in the plant
i~ studivel and ene particalar job is fonnd
in which vaee Y per cent of the workers
lave badder caneer or lave died from it
Olwiously the fucal puint of the disease
han lieen extallished.,

It i Trom just such relatively slixln
statistical anomalice that muach of the
sriginal evidence of earcinngenesis in ine
tinstey arises, OF Conmren. 29 mueer eateines
gens beevme knoswn amd see adde] to (he
list. the statistival technioues chynge, With
the conpreration of the industries invelyed.
medival and public healih expersa e oli
recthy it the planes apd <tuly the opuera.
tins and e workers, Often. loneser
pnblic meedical amd ety eeeveds wiles the

13
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onle relialide conrce wl infocmation, Many
ttadustries actually do not know ofthe ex-
jstemer of cearcinngenic haaards in their

tlorive, The stuly is ~o new that enly

vante in which the incidence ol specilic
cancers is noturiously high ace aware of
the prablem, A fow industries do know of
the existenee ol carcinogens in theie
plants. and probiably some of themn have

drveloped their owi- methods of coping.

with them.

The reluctance of industrial manage-
ments to publicize the existence of 4 ear-
cinngenic hazard is vnderstamlabie. for it
cnulid casily beenme difficult for planis s
labeled (o pecruit wirkers, or even to sell
their commonditivs, To make {actoriex ens
ploving carcinogenic materials sale to
work- fne furthermore, 2ometines requires
extensive and eostly alterations, 1 one
tirm makes such alteratinns and others do
nnt. the cumpetitive pusition of its product
s endangered.

. Generally speaking. however, cploy-
ves are no mare responsible (e the leck of
information abuut industrial cancer than
are the many thausamids of physicians whe
have cancer patients in imlusteial areoas or
wius actually are associated with factories,
It i< an unquestionable (act that an appre-
clable number of occupationsl cuncers
<lip through the hands of doctaes uniden-
tificel, This is due in a great degree te a
seneral jgnarance of the veenpational as.
wels of cancer, Physiciuns lave never
heen adequately informed of the basic
symptomatic and sociological facturs in-
volvel in identifying eccupational carcine.

senesis,

TllE medical profession sboubl e et
ter cducated about the need for ¢xe
haustive case histories which earry the
individools jub recurd in detail hack a»
far ax 23 vears, about the urgency of checke
ing medicul suspiciuns ol industrial cancer
huzanls against careful epideminlugicul
studive of ull the workers in a plant, und
ahout the puramuunt importanee of ime
pressing plant managenient with the seric
ansness uf the peoblem,

" The standard protective and hyzicnic
measures enrreatly used in industey o

cambat imbustriad poises snd other health

hazards are not always adequate for the
vuntral ol occuputienal cancer. The fol-
lowing case iistory is u compelling illus
tration: Sume 30 vears agn workers in one
ot e newer metal industeies bhegan to
develop lung cancers. At that time the
caneves were found te remain latent from
10 to 15 years. The incidenee was unasu-
afly high in certain operations where the
vareinoeenic subistanee wits geeseot in par-
tienlacly high concentration as an aie
Lurue duste An etffort was made 1o safe
snared these aperations, Upetasdate vpuipe
went fer remning dost sl funes was
instafled, amd g stasedard inddusteial hy.
giene progeam was inangurated. inclwding
;l!’ult'l'!i\l‘ (‘llulllillj.'. ug thes wnteonns wis
exactyv dle appuesite ol wheo lad Dheen exe.

.

peeted. The incidence of lung caneer (id
not diminish: in (uez =oon alterward vane
cers began to appear among workers whe
had boens expased for lees than six years. 3
much shorter peried than hud leen pre-
visunly observed. What had happened was
that at the time when the protective meas
ures were adopted the factory had also
begun 1o use 3 more finely zround material

to improve production. The finer dust, .

thought present in a much lower concene:
trativn than he original material, pene-
trated farther within the bronchi of the
lungs, Thus despite the installation «of the
latest in proteetive  deviees and  pro-
cedures. the cancer hazard was actually
increared,

T i obiviesus.. therefore. tsat the control
ul occupstinnal ecareinvgenesis—uml
cven to 4 great extent of cancers steme
ming (poy muce indefinite environmental

vlosed s that the rommunity Le proteeted
by the prevention of the discharee of eap.
cinegenic wastes: thut facturics be ji-
censed el inspecteds that woerkers §e
provided with waective clathing, voips
ment and medical supervision, including
frespuent and thoesagh physical examina-
tions, .

The Envisonmental Cancer Sectinn of
the [astitute. which is 4 part of the U. 8.
Pablic exlth Service. is preparing an
immadiate. enmprehensive campaign of
eilucation and information. the purpe-¢ of
which i to bring physicians 10 a realiza-
tion of the exirtence af the problem. Plans
are alsu under way to muke exhaustive
surveys of major industrial areas in the
nation. These studies are vssential pre.
liminaries to the institution ol the contenls
that Dr. UHoeper has siyggested.

Many of the contrnl recommendations
admittedly are far-reaching in their iplic

K City: .Paccent of total Skin cancers
possible suniignt pec 190,0C0 zopuiation
s .::., ; ‘
[ -3,_DALLAS Foo T 60—80 percent 140
# ~.rﬁ'~-,:k‘(“,..«-. . .
S e
P‘ NEW dRLEANS 62—064 percent 129
L e, ’*‘ ‘.:. S
1 N M
F i PITTSBURGH |
n *,«'- 50—57 percent 37 .
% DETROIT °  25—40 percent 24
; e TNgs, - vf‘-"-; J ) ’ "
\ s : .

CARCINOGEN IN NATURE is sunlight. Such natural earcinogens, howevee.
are few. An abnoemally high concentration of arsenic in Jdrinking water
has been shown to cuuse caneer of the ~hin and imernal organs. lnbe.
tiona of certain pasasiles have also heen found 1o lead to malignant xrowths.

agent=. if and when they are discovered—
iz 2 public health peabivitn of considerable
magnitisle, This ix wade even more gpe
parent by e scope of a contenl program
that has heen propased by Dre. Wilhelm G
ifueper. ead oi the new Enviranmental
Caneer Sectiom ol the National Cauncer
[nstitute. Dr. Hueper, one ol the world's
leading experta vn wecapational cancer,
har studics the problem in the L3, and
clsewliere for many veurs, Sesecral of she
clenents  of Nis progeam bave “already
heen putinto efleet in Eutopean evuntries,
Tl program proposes that earcinogenie
agents he climinated dram jnduetrial, wili.
tary and chvilian see as far s is possible
atub practical 2 that manulaetsring process.
1< which st gee such maieriale be en.

cations, Years of wark will e eequire te
ot theny inle practioe with maximal ¢ec.
liveness, This is pactivolarly true of the
recommendations her ~acial controds, (h
the 1eehnical <ide, some of the clements
can be inctituted at once ained without wecat
esprense, iU manazenent and laber can be
persuaded 1o agree to then,

Fur exanmple, eflvetive madical and ~ani.
Bary supervesionn of expuosed workers can
b unidereaken imediatety, This supnersie
steny shenlad el Necav examinatims gt
frecquent intervale: caretnl eliniesl sty
ol suspicions lestons: prepdration o “r.
hisstive aimt wetaehad jolde- analvves und
vase histories: regsdar anariertyog semis
annual phveical covminations ol sl work.
ers wipe migly presaibly caifer exposuic te
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s+ Bi€ carvinogenic agentss 3 constunt review

r

" of dangeraus plant opeestions to enforee
< cvonstant grnl hounekerping and o' check
the level of carcinugenic dusts. fumes,

b nists,’

Protective measures for the workmen
themselves are alwi simple and relatively
inexpensive, although the enforcement of
their use in sumetimes made difficult by the
discomfort they cause. They include the
regular wearing of respicators and sealed
clothing whenever expmire to g carcinm
genic hazard is likely. daily showers (or
all persnns working in or near the hazard.
nus operations, use of scparate lnckers for
street and work elnthes. and adaption of
waork techniques that will minimize the
dangers of exponure.

Other. and more important. technical
measures are likely to invelve heavy ex.
pencitures for management. In some ine
stances, entire factories would have to
be rebuilt. Others would require contly
wastecontrol equipment, such as clec
tronic dust precipitators, and extensive
remodeling to eneluse carcinngenic spura.
tions and keep the workers from any cone
taet with dangerons agents. Few plants
could afford the necessary changes unioss
all uther plants in the same infustey were
retuired to make the sume improvements
a1 the same tinre,

N «ome instances. such chunges might
poseibly be undertuken ax a result ol
industry-wide agreement. In others,

egivlative and administrative enforcement

mizht be exsential. Such action would in-

clude factory licensing and inspection by
government. improved compensation laws
reevwgnizing oecupationolly acquired can-
cers as compensable, and revision of the
health cudes to make nceupativnal cancers
nntifighle just as are many other dixeases,
These measures would require coordinated
and carefully planned action on the part
of management. lubor, the medical profes.

sion. state public health and laboe depart. .

ments. and state and Federal legislatures,
A precedent for such a progrum has al.
ready heen set hy the successful control
nf communicabie diseases through public
health laws end through the organized
conperation in their enforcement of hath
private and public agencics,

Huow effective these controls wonld be in
diminishing the hazards of still undiseov-
cred environmental carcinogens is a ques.
tion that only time can unswer. Mean.
while. the known causes of nceupational
cancers would be placed under technical
and sacial cestraint, and patterns wuould
be ~ctablished for the future contrul of
new carcinngens as they are found in our
environment. .

Groff Conklin is a sci-
ence reriter and u fornter
consultant with the Ne.
tionwl Canere [nstitute.
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EXTREME CASE of environmental eqncer i represented hiv record of aro-
matic umine plant in Germany, (0 workers direetly in contact with chemical.
90 to 100 per cent developed cancer of yhe Iiadiler. Running from top to
bottom ix illustration of atatistical unalysis nsed to loeate sueh hazards,



