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et

Occupational Cancer Hazards

W. D. Hueper, M. D., Chief, Environmental Cancer Section, Cancer
Institute, U. S. Public Health Service, Washingion, D. C.

A. Scope

Occupational cancer hazards have plagued maukind for thousands
of years. Undue exposure to agents of our natural environment such
as solar radiation or infections with the worm, Schistosoma hema-
tobium, have doubtlessly been responsible for the occurrence of
caucers of the exposed skin umong outdoor workers and of cancer of
the bladder among farmers of the Nile valley even during prehistorie
times. Ilowever, it was not until the advent of modern industrialism
some 150 yvears ago that occupational and industry-related agents
have attained a preeminent position in the human cancer problom.
Not only are occupational carcinogens the only well defined known
causes of human cancers, but their number and variety have steadily
increased since Pott in 1775 first related the oceurrence of «ecotal
cancer among chimney sweeps 1o their exposure to soot.

Our real knowledge and appreciation of occupationsl caneer pro-
ducing agents as phenomena of modern industrialism dutes buck some

Fierre 1.
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75 years with the discovery of the relation between the oceurrence of
skin cancer and an oceupational exposure to coal tar (fig. 1). The data
given in the following tables (1 and 1a) briefiv summarize the salient
additions to the mformation on occupational cancer hazards made
since that time. They list the various chemical and physical agents
so far recognized or strongly suspected as cuauses of cancer in man.
They show, moreover, the different organs and tissues representing
the target organs of these agents and the number of cccupational
cancer cases placed on record or known to have been recognized as
ecaused by them, )

. .
TaBre 1L.—Occupntional Cancers Recorded 11, the United Staies aid Frreign Countrics
up o 1452

- ]
; Number of Namhbor of
Agent | Rites of cameer  vapeer cases COHLCCT Cines Toral
| m R AL i Eurene

Arsemie ... __________{Skin__._____ T 23 32
~ : . B i !
(;oal tar, pitch_._______.__. I ¢ 75 M 110 3, 150 3, 260
Petrolewm . _ . o _____._______ ___ __._ do.___.__" 70 : 29 1 a9
S s ' ' T N 0
d_xale? olls. L ___. ( _odo Lo ¢ 1,600 1,407
Lignite tarand parafiin_ .. . ' __do__ .____ ______ . . 13 14
Creosate ofl . __. . _________.______ __do 1 10 4]>
Sl |
Anthracene oado__. . _____________ oldellol . ‘ 203 20
Root-ecarbon hlack . __.______._..___ do___ ___ ! 1490 ](—‘yl
Aromatic amines . _______ Bludder. ___ 350100 1. 200 1, 60O
. , 60
‘I’Skin - Py )
Roentgen- and raduun-radiation  __ ]J.vukmma, i t3 / 24
. Chare__ o . Lo [I518] [{3510)
Arsevde. . ___ L. _____.______ Ling - 7 16 23
Asbestos . __.______.____ ___ do._. . __ | 22 63 55
Chromates 75! 5 "
oy T — ! 75 | 65 140
if doo oo i) 8t &4
. PN . i
Niekelo o o JNoal cav- | .
: e § § 51 51
(N2 ol s
Cond tar, phodhoe oo oL L. bung. (U 5y 53
) P e IS s
Petrolewm. - 0 . . _______ ' _.io ... T 30 40
Benzol. . . ... ____._____. Leukemia. . 11! 31 12
J(L!mg ______ ‘ 1 N 1
- B
Isopropyloo o _ ... ... . . ‘Larvnx_.___. i 0 1
‘l.\'asal sinus ! (O 0 [
) ) . . oo - N
Radhoaetive chemicals_________ ___ Jrnmtns e 4 Y 4
Vi Nasal wnus | 1. 0 3
Total .. ... _._ I LTA) D TL6SG 8, 100

! Approximate,
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TABLE 1a-—T3ime Table of Discoverics of Occupaticnal Cancers

[
Namne of agent | Date

Organs atfected

T
!
|
i

Skin (scrotnm).,_u__i

l ! Discoverer
Chemicals—Orpanic: : J
ST R RURRPRRE S & £ S o V1§ S,
Coal tor (lignite) ... 1876 Volkmenn Skin
Coal tar (bituminous)... -[ 1802 | Buthm._ ..
Coal tar (anthracte) _... | 1910 ] Zwelg..oooiooioiC
Coul tar (fumes) wooecoo- | 1836 | Kawahate. ...
Creosote of ... © 1920 | O'Donovan_ ...
Anthraeene ofl ... : 1908 1 OLVEr e oo e
Paraifin o1l (shale oi)_.. | 1876 | Bell oL
Perroleum still eoke._____ | 1890 | Derville and Guer-
i monpres
Putroleum parafiin oll.. ... 1810 ! Schamberg ...
T'etroleum lubricating oil.l 1930 ' Hcller.. '
Shale lubricating od .0 1010 | Wilson__.

Bemrol. ool to3028
Arematic aminns  (dve 1845
internm diates). '

Tsopropyl uil_ . _ 19852
Chemnieals--Inorganic: !
ATSCINC. e e .Yzt
I 3ws7
1430
Asbesios ooooolL oL L1383
Chromates_ PR 2%
NIKE - oo o163
Thysleds caenge” '
Uinavioler rodiation. .0 1884
Rovotgen-radudtion. ... 1602
W0
foia
|
T 1922
Radioactise substinees i 1b79
1923
|
|
| w28
1931

LW, Smyth & Nale. .

i

" Loewy._..
© Martland

Trlore & Borgnmano.
Rehn_ ..

Hutchison.
Saupe
Lyneh & »aithooooo o

!
i
Yonl e, Sehwartz & I

von stwebenrock i
Beck oL !
Haerting & Hesso___. I
AfeNeal, Ward and '

Willie,

! Nasa! cavity and si- i
L
|

Blood-forming tissues_

Biwdder, weter, kid-
ney.

Nasel sinuses, laryax,
lung

Luny
..... du
R + [ T,

nuses, lung.

Blood-forming tissues_
Bone .cooooo i

Nature of exposure

Oceupational.

1Yo,
Do.
Do.
Do.
Dro.
Do.
Do.
Do

o,
Do.
Do.

0.

Do,

Do.

130,
Mediamai
Jecupational.

2o0.

150.

Do.

T,
Environmental.
Geeupational.
Medianad
Occupatinnal

Mediemed.
Oceeuputional,
Do.

Do.
o,

Frowever, an bubisermiinate weeeptance of thege figures as yetlectinge

the actual geope of

1 the oceupational cancer huzards wou
be micdeading tor the following reasons.

I3
<

!
Id seriousty

g .
I'he presence of occupatiomsl

cancel hazards has so far been established for only a few werker
groups having contact with one or several of the carcinogenic azents

listed

While, frrr instance, 5t is generally known that workers om-

ploved in gas works and coal tar distilleries or engaged in the cleanimg
of petroleum ol ¢od having skin and respiratory contact with coal

and petroleum piteh and tar show wn excessive Tiability to

saneer of

the skin, and apparontly abse, of the lung, there does not exit any

officiaul record of siinilar cancerous complications among

clectrode

workers in aluminum production plants where an exposure 1o fnmes

AN T s S AAERIEI R st By R
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from the clectrodes consisting of a mixture of coal tar, pitch, and
petroleum cohe oexists. Relighle information, however, is on hand
that these workers suffer from cancers of the skin and, possibly, also
the respieatory tract. The extent of this exposure hazard may be
estinated by the fact that approximately two-thirds of a pound of
clectrode carbon is consumed for each pound of metallic aluminum
produced, of which 800,000 <hort tons were consumed in tlie United
States in 1845,

It is cqually significant that agents which have been repoited to
have caused occupational cancers among workers of an industry of
one country, do not scem to have the same effect upon the workers of
i industry of unother country, if the available data would

ans identict
Sinee carcinogens behave in their

he accepted i their face value.
fundumental  disease-produneing  properties like pathogenic micro-
organisms, there is no sound reason to sssume that carcinogens makoe
any distinetions in their activity or coffectiveness for any national
voasons.  In fact, it can be shown that such sciontifically incom-
prehensible discrepancies ave mainly due to local differences of report-
ing of ocenpational cancer cases.

Phe ovistence of an excessive liability of gas house vretort and cole
ovons workers to cancer of the lung has been reported from Japan,
Cannda, and Fngland, but not from auy othier country despite the
fact that the exposure conditions for workers emiploved in such opera-
lions e identical. The occurrence of an appreciabte number ot
areonic cancers of the skin among German users of arscnical in-
secticides was placed on record during recent vearss. 1t full credence
would be given 10 reports on arsenic cancers obzerved in the United
States, one would be led to believe that arsenicals in our part of the
world are carcinogenic for almost exclusively medicinal reasons.
Again, 1t is hard to assume that arsenicals would make such dis-
A similar situation seems to exist concerning the car-
cinogenicity of lubrieating oils obtained from peiroleum o diferent
parts of the world. Although there were placed on reeord by Eunglish
wvestigators during recent vears, several hundred cases of skin can-
cors due 1o oceupaiional contact with Iubricating oils, practically
nothing is olficially known as to the existence of such industrial
diseneow {rom the countrics on ihis side of the Atlantic. Ouoc seeins
1o be content with attributing here the English ohservations to the
of which

tinctions.

carcinogente action of shale oils, wic arge-scale sudusirial e
was diseontinued during the 1920, and therefore cannot account for
the more recent English cancer enses observed among spliners,
mechanes, enginecrs and other workers having had exclusive cou-
faet with lubreating and cooling oils of petvoleam derivation.
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.

It is worth noting in ihis conneection that during the last 20 vears,
there has been an almost complete lnck of published additions 1o the
list of occupational coal tar, piteh and creosote oil cancers of the skin
from the United States, althougn such cancers have been observed
and are recorded as such in industrial records, and despite the faet
that the annual reports of the Chief Inspector of Factories of England
and Wales have regularly listed notifications of such lesions to the
extent of from 100 to 250 cases per vear.

One may also reflect on the fact that the last published figures on
occupational cancers in American dve workers appeared in 1938 and
listed less than 100 cases. all oceurring among emplovees of one com-
pany.  During the intervening 15 vears, the total number of such
cases has risen sevecal fold and no official data have become availuble
from anyv of the cther companics producing and handling careinogeme
aromatic amines used in the produection of dves and rubber gnti-
oxidants. 1In contrast, reeent reports by English investigators sujpi-
ported by the English chemical industries have supplied adequate
figures on the number, incidence rates, and attuck risks of bladder
cancer among Knglish dye and rubber workers who had been exposed
to the sanie carcinagenic aronudic amines with which the orresnond-
ing worker groups it this country have aceupational contact.

Finally, some consideration st he given to the fact that the general
population has varying degices of contact with scine o1 the CAFCIIOZen e
agents througle thelr presetice 1 iudusirial wastes relegced into Lhe
environmental air and bodies of waier. and entening subsequenily
the soil and the faima and floraliving insuch a polluted eny ivonmen:
and used in part for nutritional purposes. i the past, elaims as {o
the occurrence of so-called “neighborhood” cases of cancer lave
rarely been made. The well established formor oceurrence of arsenic
cancers among inhabitants of a German region in which the drinking
water supply was polluted with arsenic from mine stag heaps represents
the first ocourrence of this 11 pe.

Following the discotvery of Bladier cancer nazards among (el
dye workers, it was ssserted dhat an euvironnent ! plant contamina-
tion with carcinogemc aromatic amines was rexponsible for the
production of bladder rancors ainony persons loing in the vicinity of
this plant  While the actual existence of sueh conditions was denied
at that time by other investicators, the rocent demonstration of
of BeryHiosis mak ~ sacls cladnus uppeat as oot
unreasonable possibilities simee a highiy- potent carcinogen, such as
heta-naphthyvlamine, i~ imvolved whieh mght have produced such
resulés if the waste disposal and housekeeping methods of the plaut
were inadequate. Tois probabic that the futuve ocourronce of Calieors
of the lung and bone among individuals who lived Dear beryilian-
producing or processing plants niieht turni-l additional evidence of

“”{'%l""!] hf\l"h ;/‘\({ f'-:',_an"

OV
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cancer hazards related to environmental plant pollution if l)<-|':v11111111
and its cornpounds are nol only earcinogenie for rats and .l'u})l)llﬁ l.)ut
also for man. Similar conditions of industrial atmospheric pollution
axist around arsenic smeliers, chromate produeing p?:m!s. carbon
bluck factories and ofl refinevies, as weli as uraniuni eve 11}1119.

The recent compensation elaims advanced on the basis of an &Hf‘g?d
existence between cigarette smoking and lnng cancer also p.omt, to the
possibility of a greater furure importance of the (’omp?nsa‘tlon asli)ects
onneeted with the ocewrence of cancers fra_ml 11.1(111sn'_\f*i'ma£ed
sour: »s, sich s exposure 1o earcinogens contained in th‘(\_oxhanst
fumes from diescl and gasoline engines, or present as additives and
eontaminanis in {foodstuffs. .

I appears from these constderavions thai .thvro can bo no (lkmbt that
the aetual numoer of oceupational cancers is considerably higher than
the number of cases placed on cecord, It is of some mtcr.vsl, luorcfsﬂ;r,
that the numbor of cases revorded m medical journuls‘ls :z‘pmie(*i.‘g,‘x);y
higher thau the nurobee of occupational cancers \\'hl.(,‘h during the
1:1;?. 20 vears have come for decision hefore compensation boards be-
2 USe 0&)11;)v11s:11i<m clans in many sueh cases have been settled out of
court. With s few exeeptiors, such as the metdence of lung cancer
among Anlerican chropiaio manufacturers and HINOTE German and
Crechoslovakinn radioactive ore muiners, of nasal sinus, Laryny ml(?
Iung tnmor- wovong Amerieas soproml ;ﬂ'-t?hol J’z‘umnf:u“iun-:‘s. :il}(i
hotish conl Go o nranufeeturers and procegsers,

;
|

—

of =lin eaneer amonge ki :

no reitable mifornrarion: wvatluble on the et lence rate of occupations
viite U £ %] ki < i X :

s ivpes aniong different oecupational population

3
1

caneers of 1o varic
groups.
B. Specicl Aspecis of Qccupational Cancers . ‘

A falr and competent adjudieation of compensation claims {or

cancers atlegediy caused by occupaiivaal ag nts or conditions reguires
i . S the spectal asies 1o related 1 ic production
an aaeqnate knosledee of the special aspesis L‘Li'{ d to the produ t}; :
g develop ment of thewe furas and o the criteria be wihaeh they

. . . 3 R N i
mav he Jdistinegided frorn on-oeennaticna: eavirorsment al Jmeds

cinal. dictary, coanetio, habtnal) wsvell as rpontanecus - caners.
. ~ . . . ., - .o, Lo COrI oee
1. Diefiiiion of to Foowm COccupiaiiooar Lo Ve s I-}. 00
cupational cancer” boapplied o malomign tuimore o inuiing in
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dinary, unforescen, accidental mmjury sustained at wo.k and being
of a nonspecific nature.

2. Types and Nature of Occupational Carcinogens.—QOccupaiional
agents which are known or strongly suspected as having cauused
cancers of varlous organs in workers who became exposed to them are
largely chemicals. Some of these chemicals are well defined, others
consist of variable mixtures of g large number of chemical com-
pounds, & few of which posscss carcinogenic propertics. A sccond
group of occupationsa] carcinogens is composed of agenis eharacterized
by their ionizing or nonionizing radiation. A third gros D iv repre-
sented by environmental agents and conditions which sometimes
have an occupational association, and which max be reluted to cortain
infoctions or several speetfie climuatic, geologice, dirtary, and nuuri-
tional conditions, and which in part have more or less indireed
relations to cardinogenesis {table 2).

Taprr 2—O0ccupational Carcinogens—Their Route of Ezposure and 4 heir Target
Organs

General type Specific type Route of eaposure Tarzet oroan

;

|

I

Chemieal carcinogens. ] ! [

Organic chemi- f Benzol ... ... ... - Cutancous. respira- | Blood-forming orgaus
I

cals—aromatic, | rory. (enhema, lymphosar-

polyeyelie, het- ' | coma, myelona.,

erocyclie Beta-naphthylarume,  beinzi- | Respiratory, entanc-  Urogenous orguns (blad.
' dine, faminodipbenylisura- Ous, nlimentary, : det, ureter, kidney ).

mine  magental)  (olol- |
dux ?) i :
Coal tar, piteh, soot, asphalt, { Ctaneous_ oo Nkm,
tar o1, ¢reosote o1l, anthra- Corlespiratu y
I cene ol lawp black, hgnite i
tar and parafiin ¢,

Synthetic coal od and tar: Cutaneous_ . _________.
(Bergius). |
; Shale ol and parafineii_____ ' ____do.._ . .
i ! Respiratory. . __
i Petroleum fucl oil, dfesel cil, | Cutancocs. . .. C

. . . I
lubricating oil and wrense, » Respuatorvo .

cutting oil, carbon black, ! !
asphalt, tav, coke, @ade
1araffin oib .

Alphatie . ____ " Tsopropyl oddo - . ___._____ [N ¢ [+ T Nuselsinug, luryin, lung,
Inorganic chemi- | Arsende_._ L. ___._____. . ___ I COtaneous, mzestve. -, Shin
cals., : )
i Nickel f cavity, nasal staus,
! | g,
Chromivm. ... _____________ __ . . ...+ Lung,
J Asbestos ... _____ ... _. __" Do.
Physical carcinogens: f Mriundiation | RS PR 1 Cha
fonizing radiation. } _______ ! Connective 11.sue, bone,
f hluod-forrmung  organs.
| Radioactive radiation (alpha-, “ Cutaneous____________ L Shan.
beta, and camma-radiation) : Transcutancous. __ -e Conneetin e b=sue, blnod-
4 I fornung ereans.
! f Respiratory ... ..._. Newal Sias
[ i © Lung.
s Ineestive . L | Rone
Parasitic mrcmogens..i Schistusomna hematobiam . ____ i Crtancous___.__._..__; Blad er.

et Penten

ek B
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In addition to these established oceupational carcinogens there are
a number of potential human carcinogens which have been shown to
elicit cancers in experitiental animals and te whiclh workers become
exposed during their regular accupational activities. 'ljheqf} po-
tential agents which also must be considered in the adjudication o
compensation claims, are listed in tables 3 and 4.

Tapue 3.—Potential Environinental Human Carcinogens

i Type of ex-

Agent 3 Site of tumor ) posue 3peeres T pes of Yinman contacts
, .
t
| | 1 .
Estrogens_.. __.o..____  Breast___.__..__ Parenteral___ ... ‘ Mouseo, . Slenubaetare

Natnral, ____.. - Lymplinodes___. Cutaneons, _____ Ruto ... .. Diaary addnive.

Syuthetic. ... Uberns Lo oL Urallo_ o " Rabbrito 0 Cosroetic ingrediont,
j’ Hyvpophyss S Ques pg o

Carbon Tetrachlorsde o Yaver. .. .. " on Mou o . L ivdastiid solvent
Dicorcaming a2ent
Dhoy-oleamng agent
Lire-ovtingeashing agont.,
Sapafeeting

. Producnion of ficon
<irun furnegant
Fryitacave of ols,
Muanafactre,

A nsthietie
sofvent and Faircaetive of

\: ' ols 1esine ruoher . wases,

' tod e, alkaiods, )

; Ireiedient of lacquer, floor
10l (u:n‘»u',f.;ﬂum

ki cton of wiifida! sk,

[ phisties

DDT (gu-Bis(p-chlo- - ____ de . Oral...._....... Ko o0 AManulactuse.
rophens I-i,31-tr:- trsecticade,
chloroethane). t Food eortimmant,

i '

Chiloroform

Tanmeaad. ... . [ do oL Parenteral ... . o _ luvvedont of  foodstufis
' ' Graits, wine, cotfee, und
| ' P tea),

MModoomelaseny

|
3 |
' ' Taamng gent,

Thiourear and decva- . do ol Lue .. Cirus fnot preservative,
thes, Thyrond . AT G ol
p-Phenetyluren (Dul- | Lover J S 1Y o Nt et
Cal i NWCCT IO LT,
Diethylene glveol. o o0 Bladder ... Lo .. Jdo - ... . R T W ST RV
' Chine diate in cuponive
| ' womfaciin .
{ CRGftens ol largraer Nk,
‘! i Wwood st plae, teshle,
! , “ Tectant m»‘n:»mw).
frthslateq napathe- | Skin. . .. . Cutancous. .. .. Meomse . . Vensde of mweeticides,
e s .
Bergiug coal ous and . do . L. ' Cataneous .. Mons Mozerhetane,
tar, P suheutaneous  PLarenteral (oo Mut oL L Pt
L tteue, ) : v Lubudnts,
i P e prod actien,
: Coeiroc helnadd,
Fishor-roreer vodd D Fover oo 0 0 s, L L S0 Moewdfedt -

Neorels 00 el
Lubrieant.
| PPenac b el

o, ars,  woves, Paronter o

grea. o
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e ) . . .
Tanvry 3.-—Polential Environmental Human Carcinogens—Continued

Agent l Stte Type of ex- ;
Fid } ¢ of tumor posure Species Types of human contacts
‘ — -
Light green SF btril- | Subcutaneous | Parenteral. ..., & Rat. ... Textrie dyes
lisnt bhlue FCY fast |  tissue. ! ! ¥ood and co.smem 4
green FOCE. o e
Butter yellowW.oooooo - | Liver o oceceeoo.. Oral.. ... Mouse. ... Food dye (orient).
; Rat_ . _____. Gasoline dyc.
| Flare color.
Cellopharne, polyethyl- | Sabcutaneous..! Parenteral .. .1 __.__ do____.__ F¥ilm, fiber, plastic-industial
ene, polyumide (ny- | : ‘ . o
manufact S
lon), Lukelite teflon : ! ’Vr'lpp:xu'i;:]l:(:frr"‘g e
polymethyl methac- l , | Medreinal agent
rylate. ; : : .
exrylli | Boun ;
Berryllium. . _.____._.i Bone .._....... . Parenteral____ I Rabbit_.____ Metal alloy, X-oray tube
i ‘l Resperatory. .. . P Ratooo. phosphoer manufaet e,
! i j Refractory vessels
X i ! ! Atome energy production
Qelenium.. .. ... jve Yol 1 | Soi o
i . ] Liver, thyroid -t Cral . __. e do... .. l Seil c<v)m:3mmrmt.
! ! ) Coloring matter of glass,
‘ ‘ ! ; ceramices, paint, rubber
| i ' . Metal alioys
| ;
! i i Rubber accelerator.
| : l Photoeleetric apparatus
i ' ! Decolorizer,
: ! | Fireproofing arent.
; , I Medicinal agent
Cobalt._.......... _._.  Subecutaneous  Parenteral... . ___...do ____. ; Metal alloys and plaling

<SS
{155a€ Coloriug  matter of  glass,
corartes. paint, rubber.

Mo beral ngent

v n A i iemen - , a
Tasre 4.—Careinogenie Cheniccals Eliminated as Envirornmental Humen
Carcinogens

Type of ex- |

pesure | Intended use

} ;
H
Agent E Site of caneer i 2pecies

)
|
i
|
i
! ‘ ‘
Q -1 4737 ’ . q .
Sary 1430 . Subeutaneouns | Parentfcral ... 1 Mouse______ ¢ Tryvoaoeldal agent

tisae, : i
2- 4eorvlamine-fiuoens. ' Subeuriuneous

1
i
i 1
POral do.. .. ' Inse ! cnde
tiesuc Posenter . o_o0 0 Raro_o. B
C Bluddero__.0 L0 o0 Looio.. | Dog :
CleNOr el e . .. Fowpo _._:
| Bramn | i
" Thareui. . .
Acoustie duct. i
Breast ‘
lLeukemia, !
|
!
|
i

>
,
i

H

! Kidney
\ Lung.
;

,6" [Conduation of Eridence~—For the establishinent of causal 1ela-
tisns between an exposnre to these sgents and the subeequent dovnhu;-
rient of & caneer of un occupational genesis and therefore (‘mn;)oxmli‘:lo
nature, the following prerequisites must, be falfilled:
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(@) Definite evidence must be available indicating that the claimant
had occupational contact with any one of the various agents listed,
{hat this contact was either of prolonged nature extending as a rule
ast 6 months, and was of adequate intensity for

over periods of at le
according to any previous eNPULICDCC

eliciting a cahcerous response,
which might be available on this point. Single exposures may be
considered to be effective if the casual agent consists of external
ionizing radiation or the exposure mechanism favors the production
of a carcinogenic depot in the tissues from which a prolonged cxposure
of the Lost organisin may ensue.

() 'The route of exposure o or introdaction of the carcinogenie
ont in addition to its specific chemical properties and metabolic

ag
oan or tissues in which a

peculiarities determine the site of the or
cancer iz elicited. Therefore, not any cancer, but only cancers of
specific sites are related to any particular carcinogenic sgent.

(¢) The type of exposure does not need to be continuous or extend
up to the time of appearance of the cancer, but meay be infermittent.
In fact, auy contact with the occupational caveinogenic agent niay
have ceased many months to vears or, occasionally, even decades
Lefore the cancer bocomes nianifest. Effect ive careinogenic exposures
may be sustained not only by the ordinary operators emploved in
operations with occupational earcinogenic hazards, but also by workers
entering such operations on a transitory basis, such as supervisors,
repairmen, tuckers, louders, vardmen, aud

mdntenance personnel,
wgs near the hazardous dpera-

workers emploved in rooms and buildi
tion~, if housekeeping and exhaust disposal methods are inadeguat
and environmental contaminations result.

() Occupational {edical Stigmata.——TFor the establishment of causal
relations beiween occupational exposures to carcinogens and sub-
sequently appearing cancers, it is of distinet value to analyze the
medienal history of the affected persons for funciional or unatomic
disease Tanitestutions characteristic of & pathogenic acuion of the
particalar esrenogen aegediv involved. Sueh poneancerons and
ratory or precancerous syinplois of ctivlogie specifieity

often prepu
biologic finger prints supporting not only the

arl ws ~Ughiala O
actualiv of a previousiy sustained speciiie exposure, bt ulso its
catisal relationship to the cancer present. Svmptomatic manifesta-
tions possessing such a significance are, for mstance, chronte radio-
Jepmpetithe ohranie tar dermatitis. arsenic dermatosis, chronic solar
dermattis, chronie radiation periostitis, asbestosis of the lung, and

after exposure 1o benzol and jonizing radiation.

leukemoid reactinus
Chemical anabyvses of tissues for the inerunipated chemioal wiso may
someiines be of sssistance in establishing previons contuaet with any

~pecific ocenprtional carel ogens, siely as wrsere, chromium niekel,

radionctive substancos, and benzol.
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It is important, however, to nete that both these procedures are not
applicable for all eccupational cancers. Some of the carcinogens do
not produce any etiologically characteristic symptoms, in fa(;t, they
may not elicit any preliminary toxic or other disease phenomens
despite a persistent and prolonged carcinogenic exposure. Thus,
cancers of the bladder in dye and rubber workers may develop in the
absence of any prcliminary local or general warning symptoms after
more than onc or two decades of continuous, intermiitent, or dis-
continued exposure to certain carcinogenic aromatic amines.

There also does not exist any parallelism between the toxic and/or
iritative properties of any chemical and its potential carcinogenic
qualities, nor, is there a relationship between the degree of toxicity of
any particular carcinogen and its relative carcinogenic potency.

(e) Extensive experience with oceupational cancers indicates that
there usually elapses a latent period of years, if not decades, between
the onset of exposures to a carcinogenic agent and the appearance of
the resulting cancer (table 5). It is for this reason most unlikely that
acaupational cancers become manifest within the first year following
the inception of contact with a carcinogenic agent. In fact, all cancers
which make their appearance durig the firsi three years of occupation
n a carcinogenic environment should be subjected to severe serutiny
for a more probable nonoceupational oricin before thev mav be
cousidered from uny occupational view point. ) )

TasLr 5.—Luten! PPeriods af Occuputional Cancers

! 1
Jrean and ave Average latent  Ruuge of
Crgan and avent .

! period . latent perod
Skin | !

Arsenic: | Years | Years
Medieinal o ... | 18 | 3-40
Gecupational ..o _____________________ : 25 | 4—46

X . 20-24 1-30

Creosole oil.. oo oL . | 25 | 15~40

Mineral o2bo .. ... ; 50--54 l 1-75

Crade paraflin ofl . ... i 15~1% 3-35

Solar radiation ... ___ | 20-30 ! 15-40

Neradiation. oo . ‘ ¥ f 1-12

Lung g [

AShestoS. .o oLl , 18 ‘ 15-21

Chromates..___. ________._ _____. . I 15§ 57

Nickel carbonyl o ... .. ,’ 22 | 0--30

Tar fumes. . L ... 16 g 23

Tonizing radiation . __.__ .. . _____________ : 25-35 | 50

v |
RBladder { :
Aromatic amines._.___________________________..___. | 11-13 2--40

%
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(f) A successtul production of cancers in experimental animals by
the administration of any particular chemical or oceupational agent
supplies weighty support to a claim that such a factor may have an
identical cffect upon man, especially if the 1onte of exposare, the
physiochemical status of the agent during coniaet, and the cancer
produced in experimental animals are identical with the corresponding
aspects in human experience. However, because of the pronounced
species specifieity of axogenous carcinogenic agents, even positive
experimental evidence provides merely strongly suggestive but not
entirely conclusive evideice as to the existence of carcinogenic proper-
ties of such agents for man.  Only human experience gives a definite
and irrefutable answer in such matters,

¢y Pathologic and histologic evidence is in general of onlv limited

importance in the establistunent of the oecupational causation of
cancers, sincee neither the elinical behavior nor the gross appearance
and histologic structure of cancers are ctiologyv specifie. However,
in some occupational cancers histologically or histochemically Jdemon-
strable manifestations are present which give conelusive or suggestive
evidenee as 1o their nacticular etiology.  The presence of asbestos
bodies and asbestosis in a lung affected by caneer provides praetical
and scientific prool as to tlie ashestotic ovigin of such a1 pulmonary
cavcinoma  Of similar eaural siegnificaree would be the demonstration
of chromute dust by bistochenuceal methods and by incineration of
sections of the lung of an individual with pulmonaryv careinonis,
The histochemical cemonsiration of arsenic in the skin alfected by a
arcinoma represents auother ilostration of the value of histologic
studies 11 the deternunation ol thie ctiology of a cancer. Likowise
the presence of extensive endarteritic chanees in a fibrosed subcuta-
neous t1ssue contaming a carcinoma or sarcoma would arouse the sus-
picion that X-rays or radioactive energy was causally responsible for
the mulignant lesion

It appears from these considcrations that g comperent and critical
evidtuativn ol the entire exvicenes retaied to dhe exposare of the diy id-
unl the svmpromatio meaufe~tations of the preparstory period, the
tengtle of the latent period, the site of the cancer, sonmie histolegic or
histochemieal characteristics and the existence of corresponding ob-
servations on cancer produetion in evpermmental animals aside from

pertinent epidemiologie data represents the seientifie hasis essential
for medicolegal decisions in Htigudions of alleged secupational cancers.
C. Compensation Laws

Waorkietds compenseiton Jaws enaetfed in various eouniries and
states reveal o remerhable lack of noiformity as to the tapes o oe-
eupational carelmopenic agente, industrial operations with earcmogenie

BAOLES 35 =10
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hazards, and occupational cancers covered.
full coverage laws applying to ull kinds of occupational diseases in-
cluding cancers had been passed m 26 States of the United States and
the District of Columbia; schedule coverage laws not alwags covering
occupational cuncers; or all types, were in foree in 20 States and ne
occupational disease laws had been enacted

(Mississippi and Wyoming).
While workmen’s compensation laws

based on the prineiple of
schedule coverage may provide some degree of compensation against
disability and injuries resulting from occupational cancer hazards,

that time

As of October 1,

10514,

m 2 States

such legal provisions designed for the protection of workers ure totally

inadequate, if not obsolete, in an erz of a rapidly changing and in-
creasing oceupational disease panorama.
a legal and sociologic state of mind which is maladjusted to the

dynamic state of modern mdustry.

Such static laws reflect

However, even the blanket or general coverage compensation law

which is sufficiently flexible to include not only the present but also
any future occupational cancer huzards, usually has a staute of Fmita-
tions which 1s inadequate for providing fair protection under corimn
with 10 occupational

and not oo unusual cireumstances met

Hneer

Bince occupational cancers may become nuifest many vears wftes
cessution of exposute to occupational earcinogenic

agents, a statutory
time clause of frorn 6 months to 6 years may he too shart for aeenpa -

vional eatcers which may apnear alter ajoncer period. 1t is adyisabie

for this renson 1o adjust all existing laws in wieh o wav that <uch

eventualitios are properly covered.

Inthe worknien’s compensation lnws existing 1 Most Xates, cortain
group= of workers or emplovees, such as espeetally furm labor and

domestie servants, see exeluded from coverage by

farming as well as housework have become and are increasingly be-

the Taw,

=ines

coming occeupations having extensive contact with indnstrial produci-

mextictdes,  herbeides, svnthetie  fordizers.

antisprouting a2

Clie-,

bormord mmm wunts of fivestock, fuhwicanis wnd fuel of b
1

s N ¢ . N PR
meachinery, re- idual oils fu siblidge pots,

dmvrgmn:‘. waxes, pohshes, dry ele.ning

SOHIBIBLOY ers, gl biotes,

avents), there Is no sound

scientific veason for excluding members of such occupations from

coverage by the workmen's compensation laws and from

profection against cancers arising frou
actusl occupational carcinogenic agents,

exposure

to potential

adeguate

wndd

[
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1. Labor Codes and Standards

Anv attempt toward schicving an adequate compensation by finan-
cial means for & cancerous condition acquired through contact with
oceupational agents not only presents considerable econnmic dif-
ficultics but is aleo of questionable bumane merit.  While such a
procedure is evidently the best that can be done after an occupational
cancer has become an accomplished fact, the wiser. mere rational,
and in the long run, more economical approach to a reasonable con-
trol of occupational cancer hazards lies obviously in their prevention
whoerever this is possible.

This goal can be achieved to a targe degree by the enforcement of
proper work conditions in eperuations in which cancer hazards exist,
so that either any contact of workers with such agents is eliminated
or reduced to an ineffeetive lovel  As to the fundamental step for
aecomplishing such a control of occupational cancee haravds, it would
he advisable to have all factories, workshons, Juboratories and other
establishments producing, handling or using known or suspected
carcinogenic materials to register with State public bealth and labor
agencies.  This information would provide the basis for establishing
the supervision of plants by health and labor ﬂgvll(‘iv\‘ and would
ereate the proper machinery for faniliv izing managers of such opera-
tions with the potential carcinogenic properties of fhv substances and
deviees nsed in their establishments aod with the methods and pro-

edures by which thew might be conirotled o wroided, .

iary and technologice

.

V
The 1elative effecin eness of any medseal, ~an
control messures 1o be adopted can best he umvrlmsml by ascertaining

i

the vh“n«w-\' in the oceupational cancer incidence smong the total
population at risk occurring during svme 10 10 20 vears alter theie
introduenion. It is thercfore desirable that provisions be made for
routitu by recording sl cancer cases occurying anong worker groups

xposed to accupational carcinogens. AU precaacerous and cuneerous
losions obeerved amoner memnbers of such zrouns <bould Tor this reason
e mnde notifiable with the Scate health azenes. Al persons having
wnowledge of these eancers shiondd be heid 1osponsthle 1oy sueh repori-
ing.  The adopion of such measires represents s impoertant step
from a publie health viewpoint, beesuse there i= 2 growing urgeney
o detennine the environmental causes responsible for significant
changes in the incidence rates of several cancers.

A wieat doal of cirenmstantial and direet evidenece ineriminates
recent changes in the mdustrv-reiated environnsental facoors for the
~tarthng and progressive inerease in the bing canees frequeney observed
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in all industrialized countries during the past 50 years (graph 1). A
stmilar, while not as marked, rise m mortality rates has been observed
during the last two decades for cancers of the blood forming tissues,
especially leukemias, for which the aude mortality rate incressod
from 1.0 per 100,600 of the population in 1900 to 4.3 per 100,000 in
1944. This development coincides with a marked ineressed use of
tonizing radiation as well as with a wides pread industrial and medicinal
employment of chemicals having distinct hematotoxic effocts,
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RESPIRATORY CANCER ,.’ Fusa
8 MORTALITY 1924 -(950 il
) . l'
b
«II[
7"‘ .l[l
51
/
6F J
I’f/
Y
5t a5
-~ '1, /
s 7
r' ‘/
11 ot
v
///.
l' I.
3+~ Ravd
1' /
s
i Rt ENGLAND 2 WALES:
" L~ FEMA hY
o ol
s 7 FERaLcs
R '*’--' /./
- ;...‘:‘——:-;""“ ,,.——-—"""/
| e e
? ' T T T Y T l
g4 28 3z 36 4¢ 44 48 952

Graprn 1.

AR it £

s Bk s et

B S W SO

e as st an

PUIPEREN

OCTOBER 6~—MORNING SESSION 141

I't also may be of significance that the age-spectlic, total and age-
adjusted mortality rates per 100,000 population for skin cancer in
white males and white females in the United States have showa
between 1930 and 1950 a marked shift in favor of the VOunger ago
groups (table 6). Whether such changes in the age distribution of
skin cancers for both sexes may have resulted from the modern habis
of suim bathing or a more intense environment al, occupational and
dietary contact of the general pspulation with arsenicals, or with
products of the coal tar and petroleum mdustry, remains at present a
metter of speculation. For determining the possible causal signifi-
cance of such faclors in this development, it wouid be necessary io
ascertaln data on cecupational, dietary, environmental and habitual
contacts of the affected individuals, their complexiou and race, and
Tasue 6.—Age-speci fic, Total, and Age-adjusied Aorelidn Rates Peor 109,000

Population for Skin Cancer in Widte Males and White Fenwales, United States,

1930, 13.43, and 1950

Whate maleg

:\gc 1 T T e e

Do res L a0 |
Under 15._ o . ________________. 0. 06 0. 08 0.03 —62
15-24 .. .12 Sl L340 2 ane
2584 . 2220 46 8L ¢ 476
e .75 85 L +65
5 =3be .. 2.5 2.1 2.7 | +2y
oG . 80 5.3 1 59 +1i1
O5~7Th. .. 23.7 6.0 | 128 ! —20
Th-84 . L6821 523 . 326 | —as
Saud over. . _______________________ (19k2 17204 1 775 —55
Allages. . .. ___________ 33 | 39 20 ...
Age adjusred 1oL ______ R N 36 1 209 _______.

| ' i

White females
o B
Under V5. . _____ 007! o007 ' 0.02,  —71
152 oL 06 131 s | i
2581 .. 23 28, 721 4213
544 .. f30UB 12 1 4118
4554 L. O S O i 80
5561 T 200 |' 3.4 - 24
e L4 v 87 0 6sg | -
LR S R .6 1 263 1 188 —g0
R e e 1627 1327 o6k -
Allages. o .. e e o200 200 20 o
Ageadiosted 1 24 203 ; L
|

! adjasted for aze on total popnlaton of the United States, 1980,
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on the location of the cancers in the exposed or unexposed parts of
the skin (site distribution).

All such data conld readily be obtained for occupational factors if
all occupational cancers would be made notifiable. At the same time
this measure would be instrumentsl in ascertaining to a much greater
degree than heretofore the scope of occupational cancer hazards and
of the cancers resulting therefrom. The effectivencss of this pro-
cedure is strikingly Hlustrated by a graph (graph 2) published seversl

CUTANEOUS CANCER IN RELATION TO OCCUPATION

CRAPH SHOWING THE NUMBER OF CASES OF CUTANEOUS CARCINOMA IN MALES

& FEMALES IN ENGLAND, WALES & SCOTLAND NOTIFIED ANNUALLY
FROM 1911 - i949 INCLUSIVE,
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vears ago by Henry in which he showed the strikine rise in the number
of cases of cutancous cureinoma in males and femalos in England, Wales
end Scotland attributable 1o accupational exposures to coal tar, piteh,
shale oil and mierad oil atter statutory notification went into effect
in 1920.

Conclusions

i The rapid development of modern industrialism has been asso-
ciafed with the appearance of many new occupational health hazards
of which those enusing cuneers oceupy an important position,

2. The mereasing rute ot which occupational carcinogens have
been discovered during recent decnides suggests that only a fraction of
the actually existing industrial eareinogens is known and that here-
tofore unknown and new oceupational carcinogens may be added to
the present industrial onvironment through the development and
wse of new chetnicals sud production methaods,

3. There s 2 great deal of evidence mdicating thar only a relatively
small fraction of the cancers producad through contact with occu-
pational ~arcinogens has been recognized and/or placed on record.
Because of the cotablished wideapread industrial contact of farge
worker groups with known occupationat esreinogens, the poteniial
scope of the occupaiicnnl cancer prohlem evidenty is mimel lareer
than apparent frow the reported number of seeupational cxncer eases
aid hazardous Indusirial operation-,

4. Medicolegal docisions in ¢ ompensation procedures of oceupational
cancer clatms should Be bused on 1 competent sud ertical evaluation
of the entire evidence 10lated 1o the exposure conditions of the ¢laim-
ant, the presence or absouce and the type of any ctiology, specific
svmpiomatic manifesiations ohserved during the latent and develop-
mental pericds of the eancer. the fength of the latent period, the site
of the cancer, wuy specifie hustologie and histochemienl characteristies,
the production of eovresponding cancers 1 experintental animals bv
the inermnnsted aeent and pertment eprdemiologzie data,

o Schedule coverage Lans are lnadequate for providing proper
protection aganst ocenpational eancer hazards beesnse of {he dvnanie
state of inodern indusivy resaltine in the constant addition of new
chemveais and production mothods wiveh may eutytl hervetofore
unknown ocenpations! ennecr hovarde, Pha cinGo of N tations
contained in the geneesl eoverace laws represents a main defeet
e the fair and equitable applicstion of the tone of workmen’s com-
pensation faw to aceupalionad cuneer hazierds.

. =wer the provention of occvputions! cancer hazasds and not
Brancial compensuiion for ostallisled oceuputional cancers appears

{

il wned Bumsne ethod of oceupatintugd cancer

to he the maore e
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control, labor codes should be properly adjusted and enforeed so as to
climinate or reasonably contain occupational cancer hazards in mod-
ern industries,

7. For ascertaining the actual scope of the occupational cancer
problem and for the institution of adequate control measures, 1t 1s
essential that occupational cancers and precancerous conditions are
made notifiable with local and State health and labor authorities.

8. A comprehensive study of occupational cancer hazards will
provide a sound basis for an equally urgent investigation of the
apparent extension of industry-related cancer Lazards to large parts
3f the general population.
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The Acecident Preven iion Associations Under the
Quebec Workmen's Compensaiion Law

. P, Crrce, President, Quebec Association for the Prevention of
Industrial Accidents

v the absence of M. Clegg, his statement was read bu Jo Arvimud Do whoro piog
presudent, Juebee Associalion for the Prevention of Aecidents)

Ewill outline Lriefly the setup of the various sulot v assocint 1015, wiid
er, being more familiar with the organization which I reprosent.
shall endeavour 1o elaborate on g few of 1is major promodonal
tivities,
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Preverntive Associations

As you are no doubt aware, Section 110 of the Quebec Worknien’s
Compensation Act stipulates that industiies included in any of the
classes under schodule 1, may form themselves into an association for
accident prevention and may formulate rules for that purpose.
Further, the Workmen’s Compensation Commission, if satisfied that
an assoctation so formed, sufficiently represents (Lo emplovers in the
industries inclided iu the class, mav make a speeial grant toward the
expenses of any such ussociation.

It is under these provisions that the various safuty associutions were
organized and arc functioning in the Province of Quebec. 1t might be
well to mention here that there are 24 classes of industries under
schedule 1, with 5 separate Accident Prevention Associations operating
with and for them -4 of these as<ociations cach covor single classes,
namely: 1, 2,5, and 22, while the [ifth naseciation serves a4l the remain-
mg 20 classes. The latter are amalcamaied and operate mnder the
name of the Quebee Association for the Preveriion o1 Indusirial
Accidents, Incorporated.

It should be pointed out that sehedute T embraces the mdustrices
therein mentioned and that the employers in these indus{ries contrib-
ute to the accident fund by way of gssessients on their bohaill,

In schedule 2 are the businesses of reibvay, sticet railway, express,
telegraph, Dominion welephone COMIRNIeS, naviyation, towing, OpLTa-
tion of vessels and marine wredking, bridge operations, the Govern-
ment of Canada, the Government of the Prowinee, municipalities,
commission~ and school bourds.

Employers under schedule 2 are individually liable 10 nav the roni-
pensation provided for by the act.

The first of the five associations I have referred to carlicr is The
Quebee Lumbermen’s Accident Proveniion Association, fue. This asso-
ciation serves induostries in elass 1, made up ef savwmils, Innibering,
and veneer. Thev have approximately 2 500 menbers, of which ubout
800 wre sawnill operaiuts.

The second is TTe Quebee Pulp and Paper Safety Assoc’aiioe. Tue.

This associntion serves industries in class 2 compricing some 300
mernbers engaged in paper miil aperations and catiing pulpwool,

These two groups, while separate, operste from one office, here in
Quebec City, as the general nature of 1heir operslions Jond {hermeelves
to such a combination. OFf real interest (0 me is 1)
these associations are funet oning with a merit rating aysicm.

Fach of these groups hos its own beard of direr Giel sepurata

the Tuct that both

aeeeunime, and ewch receives separate orsnts ron he Cominieaon,
Combined, they have eirht inspector who are sent (o 4 otions SIHSSUIN

! . e A - , ; .
of the Provinee with a specifiod seheioe of msrrections 16 he muade.
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