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0 OCCUPATIONAL HAZARDS TO HEALTH
findine%s a history of exposure, and appropriate cardiorespiratory func-

As prevrously indicated, early and prolgressrved gnea at rest as well
as on exertron IS an_outstandi ng feature of ashestosis, and, as rn the
case of b%rlyllrosrs It js attrrbute prrmfnlsy to aIveoIar capillary block.
Cough, which s usually unproductive of wer anoxra Weakness
?n chest parns or parns betvveen the. shoul ers, ‘are characteristic
eatures of the clinical picture, On_physical examination one finds re-
duced chest expansron with diminished breath sounds and resonance.
Th ere] may. era es an( Bleural friction soundg
r? incidence of n?: cancer associated with ashestosis, reported
b%/ Merewether the Chief Factory Inspector of Great Britain in' 1955,
tracted considerable attention. Since then studies in New York, South
Atrica {12), Wales and elsewhere have clearly shown that a high risk of
hronch og%nrc carcrnoma Is not confined to persons suffenng from as-
nestosis, but that such tumors may alsp develop in the absénce of the
disease asbestosrs Mesotheliomata, which are rare tumors, have been
found rn the Ieura and lperrtoneum Smoking appears to increase sus-
cegtrbr r Iy of wor ers 0, bronchogenic carcinonta when expoTed to ashestos
s IS drscussed furt er In Chapter 24, under Medical Perspectives.
hborhoo cases ana agous gtose associated with beryllium
ex osue have been found associated with exposure to ashestos dust.
Here, also, host differences in response are striking.
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Occupational Cancer

In view og how little is known, at the Rresent time, v¥rth Leferenfe tg
th ecauseso cancer, It Is of some rnterestt at a ewsra/ec IcC femrc(a
gysrca a%ents In the occu Jrona environment have been foun
ble of pr ucr?g cagﬁer nder certarn clrcumstances, and at s ecrr
rimar s‘te(f A ectrrin These sites are E(rrmarrlrf the sk r
rinar der, te nasal sipuses, the Ia un
ones.”While the' biol ogrcal mechanisms, are by’ no means cl ar t emere
resence of knqwn, or sus ecte carcinogenic gents in the 'work en-
gnLent rovides an unusual opportuni to sttdy these mechanisms,
de no ncondrltr ns of exposure, Most of the cremical agents whic
R uce ancer In laborator a/ nrmals are not carcinog enrct man; a
Hsesew ere. Specles erences make It rmgoss e to extrapolate
uch' [aboratory data o map. In r%e eral, occupational cancers ﬁnnot
e distin urshed atholo?rca r?/fro simifar t pes of ?ancer which are
non-occupational 'In orign, and hrhdeveo at d;rmrar rimar srtes
Neverthelgss, occupational cancer ave a strnaur g harac-
teristics. They appear {0 evelg rove fataI at_an earlier age
than similar ftumors wt}rch are(r] rhocc ational In orjgin: they a Epe
to deve og %SEresuTJto re eateI O{z‘ not nece sarily contintiou
posUres ; an ten appear lon trthe rnrtra exposLire, even years
after 068 tton? osure Time-dos ereIatronsh re stifl obscure.
tis o vrous \% sentral 10) rdent otential crcrno enic éagents in
% particular work envrronment roses of control an greven
J However, it rs Iso Im ortatt otarn recise e idemiol grca
ata, Inso ar 2 \Possrbe as t the rstrrbutron 0 carcrnog nrc agen% In
occugatrona en rronments enera In order to obtain gecrs Infor-
mation & to the naturfe he ex osures Involved, preterably In time-
dosage relationships. Of vital importance also is the medical recognition
291
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e(cancerous Ie lons, such af earlgr signs of skrn atro h}r anpech
er e toses leukaderma, melanoderma, p aﬁr omata %es in {
ernarsc acteristic of radiodermatitis, adearyboo SCrasias
estive 0 eukemra These recancer?us esions. are H | neces-
% P/ occupational In_origin, Their earg recorIrnrtron there ore IS a
cI r%lneenrgfln t only to inustrial physicians, but Yo every medical prac-
In the fleld of occiupatronal cancey, the prac crn% physician is ?
unaware of the vrtﬁ contrrbu&rons he can rm) the course
reci ar .work, to the scant data now anle. The ?g ortunit
unique jn that much of the data require cannot be eveloped In re
search laooratory, or in a university. Itmust come rompysrcrans
actually see ca cer cases, or cases of susPected cancer, el her In ther
|va#e 1CeS, I cancer screenin clf]nrcs n the hosprtalo [Pant medI-
offices. 1" r actualy a res arc problem of extraordinary impor-
tance practica ty made”to order_ for the medical ractrtrone Who 1S
erIrng to devote the fgw extra rnutes necessarg to take a careful oc-
cugat onal hrstor report, Tor further Investigation, patients sus-
ected of avr%been ex osed 0 carcrrf]o enrcaents In ecourse of
elr work. Subsequent Investi atron of the wo envrronent of his
Patreg Hr v%/ rmarf] not, cor rs susrnrcrons Wh ep (ey are con-
iIrmed, however, he has contributed not o g/to control an Preventron
Ifrr]elg Saérltr,\clhrlaer plant or occupatron but alSo to basic research In the
In Iants ?ravrng weII organized medrcal departments, research data
with re erenc% to” known, “or Suspected, carcinogenic fatfents can
developed. In the course of re Iace ent and successrve Iowu mer
caI examrnatrons This rs ne in some ants at resent
rme wrth a View to rdentr eocc atron causes 0 ca Cer In
secr ic pant o eratr ns, o rpose contro and rﬁreventron In
the rna anal y% de rnrtrve d fa wrt reference not only to occ#r
tional cancer,” but all other. occupational diseases, must come fr
such studies of workers on the job.

EPIDEMIOLOGICAL STUDIES

In eprdemrolo ical studies of ?rseases which develop slowl 3/ such as
cancer or em ema, for examPe and wr are common £q the com-
munity as awhale, one enconntesunusua difficulties, in acqurrrnP ﬁcrse
environmenta ata artrcu arly in termso time- dosa% reIato?] (f
Account must be tak eno Persos e\r}se t0 carcinogenic agents w

ho do. Both the ?ccu ational an

Hgﬁdevelogtlga}]na}jer \?Isiowﬁltegs thr%S%nta reat numpber of variables wh
are (??'?ICB f 10 eaT WI'[H (?plﬂ iarge r(t]reasurenn ata are not surl
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crentar Iprecrie Moreover when one attemgts to drstrrbote the dat ob
tained from large numbers of nr]drvrduals mong the ferent arr(a
Qne tends to co eo%rt with too few cases In an ne catePorB/ ernr
tive. The numpers o casesmust always be lar eenou n 1o be statistically
sranfrcagt Otherwise, the conc usions; are necessarll vs noect

n stu 3/ fcu ational causes of cancer, one Js limited not only b
the technological ¢ molexrtres of occupational, environments, but aIsob
the Fearth 0 mforma lon.which can be obtained from the' records no
available Even ob classification ata o(rovrde Ina etiuate in ormatrona
to a worker’s precise  occupational exposures. .S i:a secv]nty ecor
are eguallrv uni formatrve even when made avarlabe Death certl |cates
rovide only the last occupation, vv]hr robably has no relatio tote
atient’s Rr VIOUS EXOSUrES over t ve rs,. Moreover, man o the
noses on death certificates are neve confrrmed autoo] nhospr
tal records, occupationa hrstorre éen to be casyal Oh nonexistent: aHd
manywor (@IS are ooi %sr le aborers without regard to t
Ev lant in which they ha nwor Ing. 'Such designations have
een found, even |n cancerh |tas on the” records of patients who
had been a {nrttd from ne| ortng ants which, on later investi-
gatro]n were fo ouse carc W% J“ ents.

Tha wor ers, W en Intervie provrde very little precise data

. totecemrca agents t whrchtey ave eene se |s not sur

rising. Information s to osaecan rever In this wa
tt%a lant, Ff?rtilae ec %vthe

ISl ears after the vent IS usual ause durin
long Interval w ich had elapsed, Ehe materials used and the processes
em oxed mav have cha ed com eteyfrom what they had been when
[)heca cer pat entwase ‘oe tere orteépantma no lo erbern
usiness. A 0prospectrve rat rthanaretroso ctive a ia refer-
able, terFf In eordemr%ogr al studies of occupationa cancel. This
Was amP emonstrate the research work carried out by the
New York State Occu atrona Cancer Committee (1).

As onervrews W0 kers ex osures to fact rsin their work environ-
ens re potentially inimical. to ea , One IS rmpressed with
ow se y.seem {0 be assocrate? wit cncer %reat many
substances hrgh |rr|tat|n(% tér the skin rexamﬁe whrch re cap able
0f Causing man I){pes of dermatoses, do not ecessarry cause s (n
ftncer Agreat se{tsrtrzrn gents are ot potentjall rt/ carcrnogenrc
though Some chernical carcifogéns are aso sensitizi ents. 'J
conta Inants carrr be of causin acute and chronic |r|ta lon, an

tet es of serious pathology Of the upper respjratory passages and
(h ryds Aare not necessarl yggarcrnogenrgp(#) h? e}sb%stosgr?ust 1S
carcinogenic, ‘ﬁ We have seen silica dust and many other fibro enrti dusts
are not. Beryllium causes lung cancer In' animals, but apparently not
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in man. Man¥ substances in the chemlcal and aye mdustrle which
are capable o pro ucing a hemorrhagic ¢ stltls or methemo 0 |nem|a
?o not cause hladder ca cher The .0¢ ILiatona diseases, with relativel

ew exceptions are not characteristically associated with occupationdl
cancer.

CHARACTERISTIC SITES FOR OCCUPATIONAL CANCER

Skin Canceb

Skin cancer is ba/ far the comm%nest tm)e of occwatlon can er: and
because [frecancerv sions on the skifl are readily visi ey are
susceptible of early detection, and effective removal. Soo (which
caused %he early scrotal cancers In chlmngg W eePI) coal tar, shale

pitch, creosote, asHha fuel oils, crudé mineral oil, and carbon

bI ck are all potentially carcinogenic to the skin. In the petroleu
{Inoanuss ry,tﬁvagl( Eressmenyand otH 9 workers exposecq {0 petrog fer
Wi

mhng Pomt above 700°F, can develop. scr?]tal can er
particularly when thelr trousers become’ saurated with the all (8),
Amon? other a?ents suspected of causing SKin cancer are arsenic, nd
ultraviolet light. Skin cancer is not uncommon among farmers with
heavy exposures to the sun. Workers ex%osed to extérnal radlatlon
mciludm X-ray and fluoroscopic eqmpmet can develop skin® cancer
unless - ddequate I protected 3/ rﬁper shie dmg and od; er control
gnne star%so r%t (cHgsSd eIsewhere ee Chapters 7 and 17, under Industry

Skin™ cancers are usu(w Squamaus ce]ll carcmomas which deveIoR
slowly and cannot be qifferentiated, O|O%IC&| hy from similar_ski
cancers, of . nn- occugatlonal orlgln A caretul History of significant
exposure 1 indispensable, thereforg, for a differential diagnosis.

Lung Canceb

The mmdence of Iung cancer is sufficiently great, in the general
P %u lation, to be a.matter of major concem, particularly becah]se
been steadil mcreasmg in thg last two or three decades. T
Increase has occurred durin Berlo of tremendous . technalogical de
velopment; when workers Were being exposed to an increasing variety
of chemical and physical agents, so e0 wh h are present, a5 irritant
and toxic air co tamlnants \ orm of uFts rc%ases fmes mlﬁtS
etc.; when community air qutlon as gradua IP/ crease andwen
sMo mg a% become a universal habit. 1t7Is natural enouigh fo speculate
hat thése actors have bee |m ortant i cP the Incre smg Incidence of
ung cancer. On the other It 15 difficult to dete m|ne the re-
spective conkrlbutlons of each of ese factors (43 Among the chemi %al
carcinogens known to be capable of causing lung cancer, aré certain of t
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chrﬂmates nickel carbonyl, asbestos and arsenf)c Wheneyve o]ne is dealin sg
with carcinogenic air. cortaminants, one mus ar in mind that the e
nose and upper resﬁrrator passages may also be involyed unde[)cer ain
circumstances. Occ patro al Tun cance arec aracterrstrca g/ roncho-
genh farcrnomas of th es ua ous cell type. Metapl Frsr oft bronchial
pithelium a ears to e the a earance 0 e tumor. These
tumors develo sowz/ not_ b monose for many years
after cessation of exposure to the trologrca carcinogenic agent.

Chromates

Both American ?nd EuroPean experience has confirmed the etrologrcal
role of certain of the chromates. In the production_of lung carcer
As a result of the independent studies of Machle and Gregorrus BS) and
Baetjer (62 the chemical compounds believed to be rsponsr le are
the hexavalent chromiym compounds, Na and K monoc hromate or
drchromate and zmc c romate, Iinhaled as dust. Most of these cases
were found to b onf? 0genic carcinoma. An exoosure of 4 years aP
peared to have been sufficiént n some Cases, nmos Cases, however the
wereaPreat mang xearso ex osure Ach aractenst ten eno

varying duration, hetween cessa lon Of exposure andt eve pmen
of the 1ung cancer has een observed.

Ashestos

Broncho genrc carcinoma, originally thought to he associated solely
with the lsease, asbestosis, has now_come to be accepted as due fo
the inhalation of asbeétos dust, even jn the absence of ashestosis. The
tumor is usually found In one oftelower Iobes where asbestos fibers
are mos nume ous ). In other tatﬂoeso roncoenrc carcrnoma the

per o agroe emore ch acterrstrca y involved (8). Tumors

ve also been found to develop elsewhere In” the body, ‘particularly
in the pleura and peritoneum. These pleural and Fr])errtoneal tumors are
mesotheliomata, a very rare type of cancer at the present time. The
fact that they develop at sites remote from the injtial sites of deoosr
tion of the ashestos fibers in the u Tgs has raised mterestrng questions
of transPort and migration. All of these tumors, found ‘In persons
exposed to ashestos dust usuaIIy develop after very Ionq latent periods
but they may apparentg also deveo following” a refatively 'Timjted
exposuré. Sore dre not diagnosed untr man}r yéars had eIaBsed since
the last exposure. The precrse type of asbestos fibier appears to be of some
|mﬁortance as an etrologrcal factor (see Chapter 4).

eviewing the can%mg medical picture over the years, resulting
from exposure to ashestos dust, Gilson (&) suggests that, in the early
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}J/S exposures were high and workers died young, erhap s from com-
TUmtions, such as. pnelimonia or Bv Imonary tuercyloss Irvrn%
lid working conditions Imp roved ho ever and tuberculosrs became les
revalentin thecommunrt workers [ved long enou hto develop progres-
ivo pulmonary fibrosis, and other features “of asestosis, oft n endrn
1¢or pulmonali. Under modern conditions of exposure, on the other hand;
workers develop only moderate degrees of ashestosts, and live long enough
adevelop bronchogenic carcingma. esuggests that, In the mesothelioma,
B are witnessing the very long-range &ffects of low-grade exposure
3 ashestos dyst” This s an interesting historical persRectrve Thg
athogenesis of this disease Is quite obscure at the present time, an
mny conjectural model constructs are under intensive rnvestrpatron

Erivironmental exposures tq asbestos dust are apparenty not con-
ned to the workers exposed Here we find so- ca ed ‘néighborhood
ases analogous to those found n relation to] erp lium éxp o(fure—
edeveo nt o the rsea]se In V\ﬁ]ersons who had riever worked with
lese substances; and even those who live within aconsrderable radius
f the plants, Contact with the dust.on workers’ cot Ing, wh en they
re brought home to be laundered, is belieyed to be a (po%sr le ex-
|anatron In some c ses, but not all. Tt has been sug gested that other
exrstrn? SOUICes o communrt air. pollution, which™go unrecognrze
t the Op fesent time, maYpa ontriby n roIes Th reare a parent
reat differences i individual susceptr not on amon wore
p]or%eu nIttrl)esasbestos dust, but among perso $ living rn the néighboring

lonizing Radiation

The Iunri cancers which develop in miners exposed to radioactive
%S areg leved to be caused prrngrlg/ téy the rg on gas rIrrven off and
IsI rolle]ggra ation daugnters. This has been discusse apter 14, uncer

Bladder Cancer

As in the case of | ni%cancer bladder gancer haﬁ been on the increase
rrou%hout the worl rrng recent gecades, and this has stimulated In-
nsive research as o the etio ogrcal factors involved. |n industry, the
ncrnoqenrc aromatic amines include beta-naphthylamine, para-amino
henyl, auramine %nd magenta. Benzidine Is strII controversial. Alpha-
hthylamine which had

np on ﬁ %epectedo hein carcrno enrc IS no
sect [t is now believe use it 1sa con %(pda beta-

Ine, it was rm‘oroBery rncue among the blader carcrno
maAnr Ing, vp]hrch hfadaso squs ect, rs ot carcrnorgerp tl)ere
number of chemica gentsw an pro uce cancer of the bl
animals, butnot in ma
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Beta- Naphthylanrine

Beta-naphthylamine is an intermediate in the manufacture ?f the
aniline dyes, to which workers have been exposed since the early de-
velopmertt of the dye mdustry, I Germany. Rrror to World War |.
ubsequent manufacture of these d es rn the' | rted States carrred thrs
potentral hazard wrth It In the early days, alpha- and beta-naphthyl-
amine, benzidine and aniline were all sus ect. Gehrmann (10) studied
the problem rntensrvel In both countries for Urposes ofﬁreventron _
Beta-naphthylaminé can be absorbed through the skin, the. respira-
tory and ‘the “gastrointestinal tracts. The meta oIrc mechanrsms In-
volved are not comoletel understood but 1S bel rev that It is not
the beta-naphthylam ne er s, which is responsible or ladder carcl-
nogenesis, but rath rth egres% ce of its metabolites in the urine Jll)
Experimentall ¥ as been shown that extracts made from the urine
of animals with beta-naphthylamine-induced bladder cancer, are carci-
nogenic. And certajn fractrons made from these extracts are individually
ca abIeo tProducrnrrgba er_ tumors Iy anrmas here 1§ great specres
pecificity here as elsewhere, in susceptinility to the induction of bladaer
cancer by beta -naphth yamrne Such™ cancers can be produced in dogs,

for example, butn tr annits.

Once anc?uc ?t rb[a er tomors pro% ess in the absence of further
gosure The;{ start as small, apparent enr n_ papll omata near

he trigone of e}bad er, or around its uretera orr rces and go on 10
eveo rnto e itheliomata. Bladder cancer has been known to"develop
arter only a few years of exposure, but mag/ not (eveop for 4% ears.
(%n an averae 1 or more e]ars have been foun to elapse Detween
ebegrnnrngo exposure, and'tne development of the bladde tumor

This™ time-lag creates serrous drffrcultres in differential diagnosis. A
hrstory of ex LPosure IS yital IH Important, because these bladder cancers
are In rstrno shable clinicafly, cystoscopically, and hrstoogrcaIIX rom
epitheliomata of the_ bladder which are non-occupational in orrP The
are similar, aIso in the fact that they metastasrze slowfy. Wh en
removed by fulguratjon the ten to Lemér and become progressrvel
more mall nant as time q der tumor seen.in a worker
In an aniline lant is dlways regarded as potentially maqunant

The entrre a der wall m be Involved. Submucosal télangiectases
make thelr ap g arance eary wrt dilatation of caprIIarres and small
ﬁrterres This, exp ;1ns the ea[ and s mtrrpef profuse eeihn ]rth
ematuria. The villous mata which tollow maY e [atent
many years. They are ore often multiple than srnoe and may
rarsed In appearance, or flat. They may or may not ulcerate or rn

fi
It[e clinical manifestations are essentially the same as those as-
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sociated with non-occupational bladder cancer: frequenc funnatron
ur%encl}/ éi ysuria, nocturia and hematuna Gehrmann who first
h oduced "routine cys%osconar/ dpntro measure, has shown that
emorrha?n: areas in the bladder, and early tumor formatron can e
?bserve N aqvance of blad er% tglns ora V\)r oth ercrnrca manl-
estat ons of t err presence. Pro eeding, With severﬁ ematurr)
owever, be a very early srﬁn On the other hand, there ma
e urine, and tests for occult. blood

a few red blood cells in
ma be re ured for the earl detectron of Pathology Hematuna can
eto N ncarcrno en che Ical agents to which workers in the
anr |ne gre industr also e ex ose Hematuria 15 also a
ommg R?m 0 or | aF ﬁystrtrs IA cannot, therefore, be solely
deBen ed or ur oseso dr erential |a8nosrs
revention is has

T upon the most n? 3 Ineering and medical
control measures. All mo aIrtres of contro revenér n assume un-
?ua Importance, tpartrcu arl com lete enclosure, and mechanization
all Brocesses uttlized |n P duction, or use, of this chemical
substane Frequent enodrc reeva uation of aII existin Pgrcontrol measures
IS essential to . chec onterr urren efficacy., Protec |on of each
worker, as an indjvi ua e& atron fan H stos%o[%rc
examinations odet ct ear der or%;g/ tou?
metabolic en pro ucts of beta- na are s%l obcre the
urine should be ‘examined, when ver e for such meta |tei
can be chemically Identified an tl rJ?reted 5}2 ). The Papanico iaou
smear tec n| ues have gen particu useful in reducing the
uenPr of o C Cystoscopic examinations IP workers™ who are
g ﬁo su mrt to stos 0£ Gehrmann believed t texPosures
|m|tdto as wwor IS is possible, and thatt?se eavin
gould he routrne 3/ fo Iowed UP Because of the lon
%o moreover, he has workers tB de(}urn at an
e for treatment, wrt out char should any bladaer symptons

nwi
shoud ne
l e Industr y

atency . pe
utureytnﬁ

develop.
OSTEOSARCOMA AND LEUKEMIA
ol T T M (R R A
8¥¥ 9er7 The reIatrveq high mcr&ence queu[@mra amon raBro?
|ste as. been discussed in Chapter 1 erXRa r%raones.

gu(e Pon as o wnether exposure to benzo can prgduce eukemia
has no gerinitive answer, as yet,
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