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" Review Article
Recent Developments

in Industrial Carcinogens

Robert £. Eckardt M.D., PA.D.

T'm topic of caiCinogens is one about which there
15 much confusion and also much misundersanding. ‘This in
wn leads 10 the development of (ears and appeehensions. As
in clinical medwcine, the word cancer in industty immediately
seerns to lead to despair, whereas our approach should be
straight forward and inteliigent | think of cancer in industry
just as | do about any other potentiaily Kxic problem in in-
dustry. What we need when a problem develops is
knowledge—~knowlkige of the process, knowiedge of the
chemistry, knowledge of the exposum. The more we know the
more likely we are lo arrive &t satisfactory solutions. In ihis
respect, then, cancer in industry ¢ ke any other problem-
solving.
first, we have to hive some knowledge of the experimental
methods used by oncologists to test for carcinogeniity. In the

case of the skin, the tests are relatively straightforward. You
will note that | say “relatively’’ because in fact even a skin car-

cinogenesis st has many elements that may serve to com-
plicate it. Thus we know that mice, hamsters, and rabbits do
develop skin cancers in respome 1o chemical agents painted
on the skin, whie rats and guines pigs seem to be refractory,
and monkeys are resistant, taking long periads to do so. Thus
the mouse has genenslly become the animal species used in
this type of experiment Painting is usually done tives times a
week. if done mow frequently the material may so
severely damage the skin as to make nierpretation of results
difficult. if done less (requently the litent period for cancer
development may be so long thit the animals die before
developing cancer. Painting should be done with a minimum
of rubbing 10 avoid darging the skin Some workers even use
3 rnicropipette 3o that no rubbing at ail is done, just ledting the
matenal spread over the shived skin in an accumtely
measured dose at each application The animals should be
weighed periodically because il the material being painwed is
tostic it may injerfere with thev growth, and we know that ths
in tum will interfere with tumor development

Secause a skin-painting experiment takas 30 fong—up 0
two yean—people are always loaking (or shorscuts. They want
a chemical test or an accelerated biological test that 'will give
them an answer in a few days or & few weeks. However
desimable this may be, 30 far none of theem have held up when
eamined closely. Thus it was found that some Carcinogens
would cause atroply of the sebacecus glands of the skin, and
thus was once proposed as 3 "quicki’”’ st However, n 2
study of 130 compounds, Bock & Mund! lound that some car-
cinogenic compounds did not cause ssbaceous gland atrophy,
whsie some non-Carcinagenic compounds did. Some chemical
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wsts may have limited application, but because of the wide
variety of chemical campounds that have been shown to have
carcinogemc activity it would be anticipated that no single
chemical lest would have universal apphicabibity. Suffice it 1o
say that an expert pinel convened 1o adwise the food & Drug
Administation concluded that there were no uu!! satislactory
shodt-term tests tat had been sufficiently proven thai they
could substitute for long-term cacinogeness tests,?

Some pwople have recommended that the materal i be
tesled simply be injected or implanied s hcutaneously inlo
At or mice. This has the advaniage of a known dase and
minimal handling of the animels.! But thes method so far
has been shown to produce malignant wumory {sarcomas)
in respomse lo cellophane, Dicron, palyethylene, polyvinyl
chiodide, siasuc, Phofilm, Nylon polymethyl meihacrylsie,
polystyrone, Seran, ivalun, Kei-t, Tellon, 3iKk,* 4nd giess cuver
shps.? In our hands, we tound that 3 complex oil shown to be
carcinogenic 1o the skin when painted caused a local abscess
when injected subcutaneously which subsequently stoughed
out without tumor formation Thus thes route of tesung may
have himited application, especially if tumors are produced at a
site distant from the site of injection, but J sarcomas at the site
of injecion ae the only tumors formed, inierpretation of thesr
significance becomes extremely difficult

Another suggesied test is that ol implanung the materiat in
the bladder of muce. Trus suggestion arose, | believe, from an
snbre misconception. Thus in the study of bladder wmon oc-
curing in workers in the dye industry, beta-naphihylamine,
when admunistered subcutaneously, was shown to produce
bladder tumors in dogs but not in mice In searching for the
reason for this discrepancy it was found that both man and
dogs excrete 2-amino-1-naphthol as a metabolite of beta-
maphthylamine in their wine, wheeas mice do not Dr.
Georgianna Bonses, in England, concluded that maybe bets-
naphthylamine was not the caranogen alter all but the
metabolite 2-amino-1-naphthol was. To iest out this theory she
impregnated small wax pellets with 2-amino-1-naphthol and
implanted them surgically into the bladders of muce. Sure %
enaugh, the mice developed bladder cancer. Huwever, sub-
sequently it has been shown that cholesterol, glass, swearnc
acid, magneswum stearate, hexadecanol, octadecanol, and
niphthalene® (the old-lashioned moth bail) all produced blad-
dev tumors and cancers when implanied 0o the mouse blad-
der. None of these ate suspecied of bang wrcinogenc. Thus
this st does not seem (o be a very sound one.

incidenially, these studes of the mewbolism of bews-
raphthylamine have led 10 exiensive metabolic studies and
bnsk scientific arguments about what truly n the carcinogenic
agent One schoct supports the 2-amino-1-naphthol metabolite
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d ey gt A W Feteds dnother Beleves that hydrany letsn
1 the ncaaten attun of the aming group borcalled N
Mdsaniation) i the carancgen, whele yul vifry bidreve dn
ferent mefahiadey die the true CarCinvgien These studiey hive
teen lascngting Hom & Diochemical slandpuint and have
seroet) 16 heeD mamy canest biochematy hatd at wark in the
Lboratun but probabhy do nat have much prachcal im-
piceion tor wdustiial Cancer preventinn

Hiomever 'twe studies <f the implentation of cholesterdl,
glass, steanc d¢id. and wther materals into the bladder.
presiausly menboned, may hive senous pRClcel  Cone
sideratiam (or other siuches Thus hettwieny Llycol and other
matenal> are clamed by some to be 3 carcinagen on the basss
that they have produced bladder cancers in mice. Huwever,
such tlumors and cancess never developed unless fint 3 hlad-
der sone Wiy produced. The question then ariser—is the
chemwal & carcinogen, of it the stane the carcinogent 1 1s in
teresting 0 note that the first experiments with Cyclamates
were underiaken with such bladder implantation technigques
and had to be discounted until {eading expesiinents waere com-
plated. Even now the cyclamate picture s not clesr because
there » some quaston that the experirmental animels may have
been infecred with bladdes parasives. it is well known thet
84harzia. a bladder infesation of humans by Schstosoma
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1eMuf mechanisims, asuience Ui Within the lung ey te
s b prolongeed, and it s s 106 reased reakbence tune wiek
the Caprrtitinenielnt bebiucve lidds 10 the preducton of fung
wncer Thy cxpenmental work on fung ¢ancer 1s 18 i ves,
oty stages, ared 11y 100 300N yet to draw dutimitive Con-
clumnm an ot
One very inlrealing lung cances vapenment in rals wes that
conducted by Lavian ef ol." These worken expuned rats 120 1
$ra o Lalublutmuthyll Liher six houn pes day, five days per g
week 1 3 Wil of 101 sposutes Nunetven et of 30 ety 313
exposed developed spuamans cell cancers of the lung or can-
<an of the naidl epidhelium OF interest in tus connaction
that subrequently in & chemical plamt i Caldornia where
bn(chioromethyl) ether was produced several cases of lunyg
Cancer were icpaned. | hive only seen newspaper-type reports
of these cancers in these chemical workers, so | am nat able 1o
comment intelligently further on them. If in fact the is so,
may represent the first time the detection of 3 carcinogen by
laboratory tests has whg_cg_____yi _been followed
ance cancers in humam. Usually epuhemological
& Tave plsence of cancers in humans, and
this in wm Ns led 1o an inlensive saarch in the laboratary for
the carancgen It is of inlerest that these workers have also
been able to produce fung cancers In experimental animaly

tematobium, i associated with bladdee cancer. In Egypt
where Bilharzia 13 endermic, bladder cancer incidence is quite
hugh. The Schustosomes enter the body through the sun from

with 2.3-dithloro-p-diaxane, ethyl bromoacetate, and r
epichiorhydon,* although these are weak carcinogens. Thek 24

demons'ration of weak pulmonary carcinogeness in animah it />

water in which the Egyphans are walking in caring for ther
fields From there they enler the bloodsteam and vlamately
end up in the bladder. Incidentally, the secondary resesvorr for
the Schwsiosnma hematobium is the snaif, and much work i
going on trying to find an agent that will kill the seail without
producing othwe undesiable scological etfects. The approach is
like uiling the mosquita to elminate malaria.

Anather approach that his been recommended to uy to
shorten the necessary test period for Carcinogems is the use of
newbaorn o very young (suckiing) mice.” it waes sugavind that
a0 increased inidence and earher appedrance of malignancies
could be cbmined trom a single injecuon of polent car-
cinoyens However. newboen rats did not respond in the same
wiay as newborn mice$ Rather, they responded like adult
mice. Further, more compiete studies have shown that this lest
methad peobibly has few true advantages.® It may be that the
use of newbomn of .2ry young mice was predicated oun the ab-
sence of detoxifying enzymes in the newbomn which sub
sequently appear as the animal ages. it is known that 3 bens-
pyrene hydron lase exists in the gastrointestinal tract, and 11 1s
further known that newbons are frequently lacking enzyme
systems that are present in adults. Even today, however, there
are those who strongly umge the newborn as a3 test animal
sysiem.

Tuming 10 expenmental lung carcinagenesis, it s now
beginning 1o appear that muliple Lctors ase probably
necessary 10 produce fung cancers in expetimental animals
Thus in rats 4 combination of repeiled influenzs virus in-
fections plus oronized gasdline'! or sullur dickide and
benzofa)pyrene’? or 7,12-dimethyi-benz(ajantivacens plus
ndia ink'? or, in haovsmes, hematite plus benzola) pyrene alt
have ied to lung cancer production The evidance indicales
that pure polyaromanc compounds Lke benzo(a)pyrene are
rapdly removed from the (ungs. However, when nlraduced
with particles or wath $O: which may impair the cilidry
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wiia these compoundy should alert everyone (o munimue
human expo arey to them and (0 (oliow workers exposed (0
them wvith extra vigilance.

For compieteness it should be mentioned that pulmoniry
carcinogenesis in animals has been demomtraled for
berytbum,'” nickel carbonyl,™ and radioactive materials. ™ in-
terestingly enough, inhalation pulmonary carcinogeneris hay
not yet bam demomtrated in expenmenial animals for

7 although the laeer bas_jueatuted{ n -
rally. g ay

nwwm 101,

and the latier has produced pulmonary fibrosrs {asbesions)
when admunisiered by inhalation® and maligrancy when
gven intrapleunlly? in animals. Finally, vanaus epoxides, lac-
lones, and peroxy compaunds have been shown to have a car-
Cinogenic polental.®

With this {(ar-from-compiete review of expgeimenial car-
onogenesss whnch has been given anly to emphasize the com-
plexity of the problem, | should now like to twm to some in-
eresting recent epidemiological work. 1 shall not try to cover
skin cancers in coal tir workers, mule spianers, cuming ol
users, wax pressmen, and the like, lung cancers in chvomate
workers, nickel refining, or asbesias workers (othee than in-
sulators), bladder cancers in the dye industry, nasal cancers in
nicked refining and 1sopropyl alcohol manufactume, or bone sar-
comas in sxxhium dd) paunters because these have bevn
covered in my book® of other works. Presumadly we are
discussing recent developments,

Much publicity his been gwven recendy o asbestos as @
puimonary carainogen and producer of pleunl or pentones!
mesathelioma. Actually puimonary cancer in 3sbestos workers
tas been recogmzed for 25 10 30 vears. ® The condition was
atpulnd nte prominence by the observation: of Wagnerd in
South Alrica among muners and processors of asbesios #nd
aspecsally by Seiikolf and his coworkers® smong wnyulanion
worken Whil hes mode Sehikoff and his dssaciates’ work
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ieustnad s hewn thew e of Umneon ree onds o study thes con

ditson  Bevgus insulatars urgatly don't work for gne syie
emplontr hut wher mone from job 10 job whirever work 15
avalalile 3rdd thus wink tor mulbiple employers, ot was very
diltiruls 10 obtain any kind af peture of what ther health ex-
parinace had been evcapt through umon recnedy When these
were esamened 1t was found that of 612 workers who enteeed
the trsde horate 1943 and were waced through 1962, 45 had
dwit o cancer ol the lyng or pleura Only 6 10 7 men would
have bron expected to die of lung of pleural cancer «f the nor-
raat wncidence had prevarled  Another interesting observation
has been that the inCidence of lung cancer among asbestos in-
sulation worken who smoke Cigateties is far greater than for
those who do not smoke. ™ It is to be hoped that the industrial
mgiene measures introduced among these workeny will soon
have thus yituation under control. ™ There s still some dispute
among workers in this field of whether the asbestos s 3 direct
carcinogen or whethes ity carcinogenicity is due to certain oils
that may he pement o the asheion naturally or theough con

. amimton.” ¥ Of perhaps more concern has been the ob-

wervalion that asbestos bodies can be found in the lungs of 4
very ngh peicentage ol people who come to autopsy and have
never been exposed to asbestos in their work. Y Although this
W of concern (O many peopie, no one it yet prepared o say
what its significance is. It 15 important Aol o jump to 3s-yct
unwarranted conclusions on ths dbrervation, as | have often
heard Dr. Selikoft say in talks on the subject.

As many people suspected, lung cancer incidence among
ursrium miners his been shown 10 be increased ¥ Again, the
nsk <aems to be much higher among smoking miners than
amang nomsmoking miners There have been 62 fung cancer
deaths among 1,414 wixte miners and two among 761 non-
whnte miners Th

raponve  rilay ig which ful it the
elimination of the disease in the future.

Recently an outbreak of bladder cancers occumed smong
workers in the slecthe cable wndustry.” This apparently
reulted from the (ormer use of beta-naphthwlamine as an an-
tomdant in the rubber sheathing used on the cables. Since this
matenal has not been used by the rubber industry as an an.
texidant since about 1945, o is antiapated that these tumors
will conn diappear However, it does point out the long latent
period that can occur, and that in searching for etiologic agents
n occupttional cancer it may be important historicatly to go
far back into the processes 1o find the responsible agent.

Among 8,047 workers in 3 metal smelter works, 147 res-
preatofy cancer deaths among 1,877 total deaths were report-
ed ¥ The causalwve agent in this case was belleved (o be ar-
seric tnovide exposures by inkalation, although some relation-
ship 10 SO exposures was alo demomtrated. This recails the
Hanciation hotween sylfur dioxide and benza(a) pyrene in
ammals demomirated by the NYU group and previously
drszusied ¥

A ted] surpnse has been the demomstiation in England’ of
an increaced rick of nasal ¢a n woodworkers in
the tumiture industry This seems to be associated with the use
of hard wonds To date, no one has come forward with a good
fums a¢ to what ihe causative sgent might be in ths situghon
Undauhtedly, this cbiervation will fead (o extensive laboratory
suches, both chemucal and biolomcal, 10 an attempt to un-
Connr tva crusative apent

The accumulatian 1n the titeratym of cases of leukermia

ng

foflrwig brosene reposum 48 huds 1o the inevilable can-
duskm 1hST Bimzene i 4 leukemopenic ageat, panculardy n
cases that have previnusly displiymd 3 panmyelopathy 44
Although ths had long been suspecind, she data reporied in
the lterature was nut sulficiently comvincing 1o eshlish the
leukemogenic nature of henzene, However, the maore mcent
observations seem (o establish thes associstion beynnd 2
dirght More wecent observatioms of chromosame changes in
workers expened 1o hencene®™ % jend funher weight 10 the
leukemogenic nitute of henzene. in any event, in our own
operations we ate proceeding 3% if benzene was 2
feuken.ogenic agent, eliminating expotures wheroves possible
and reducing them to the lowest possible level where com-
plete elimination cannot be accomplished.

It has been reported” @ that fung wancer incidence in fluar,
spay miners is 29 imes the axpacted mie U was found in this
Nhiation that edon and mdon daugiter Axposures are in ex-
cess of the maximum permissible concentrations and it is
believed that this is the cause. Jn this respect, these lung can-
cen are similar 1o those seen In uanlum miness and in the did
Joachimthai-Schoeeburg mines.

A study of fung cancer among coke oven waorkers in the
steel industry® thowed that they sultered a 2.1/2 mes in-
creased incldence of that disease. This increased o five times
among men who worked lopside on the ovens, and to ten
times if they worked five or more years fulitime topside. It is
likely that expasure 10 very high levels of benzo-3-pyrene and
similar polyeyclic aromatic compaunds occurmed, aithough it is
quite possible, due to the complex chemical nature of cos! tc,
ihat other promoting or ca-carcinagenic, such as phenols o
nitrogenous, compounds have contibuted (o the increased in
cidence. Undoubwdly, intensive chemvical and biological
studies of this situation will be undertaken which will in ime
elucidate the causative agents and their comparative
significance.

{ have tried to deveiop for you tonight some of the more
recent developments in experimental carcinogenesis as applied
to Industrial probilems, and some recent epidemiological
studies of indusinal cancers. | believe aur approaches \o oc-
cupationally indhuced cancer should not differ from the ap-
prouches we use in any polential occupational loxicity
problem. We should study and become intmately acquainied
with the processes involved, not simply by studying
engineering or flow diagrams, but by actually getting out into
the work place and observirg just what is done. This will give
us some idea of the personal hygiene of the workers involved
s well as possible industrial hygiene maasures that may be ap-
plicable. We should conduct appropriately designed
towicological ‘ests, in this case carcinogenic ltests, un-
dersanding fully the limitations and pitalls of any such tests
we conduct. We shouki carefully examine the workers in-
volved to detect early sigm of exposure or early pre-cancerous
changes. Thus appropriate unne o biood analyses foe micket ot
chromium, or {or phenols in the case of benrene exposures
shoukd be made. in some cases aarly biopsy or Papanicolaou
smears of appropnate secretioms should be undlertaken. At
every opportunity, we should stress the avoidance of un-
necessary exposure | ocan think of no ared where the
snopeeative ellons of industrial hygienists, indusinal nurses
and industrial physicians can have a2 more salutary effect than
in the control of industrial carcinogens and thus m the contro!
of occupational cancers

Recent Developments in industrial Carcinarees Eckacct
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