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The frld of envizunmental cancer continues to huld out 
specin! 10 nise larzely because, here, we are dealing with 
wten soecre Jhee cad and physical Cgents which, it has 
Seen dean, aistr t=d, can praduce canver under cerrain cir- 
cumstances, s0d 4t speciic primary sites ot predilection. 
In v e ot how hietle 15 known of the etiolses of cancer, 
wm gene i this cannat tail to be impressive. Untortunazels, 
e ameier ot envirnamental carcinngens. so imlated, 18 
verv wnciis and hittle is Kown of the physologieal and 
bochomical mechanisms involved. Nevertheless, the mere 
tact ot the abwrption intu the body ot knuwn or suspected 
e sens, of exogenous origin, provides an unusual np- 
Loty o study these mechanisms: the processes of de- 

_onifdition and conjugation, for example, or of storage 
and ssorenon Ldennfication, furthermaore, leads to wider 
Live 'ed g uf envirunmental distribution the previse 
wnditions ot exposize This in turn providi « hope tor the 
Jevelopment ot efiective cuntrol measures, 

Lihuratury esperimentation has, thus far, brought to 
th: fure approvimately 200 chemical substances which ap- 
pear 1 bs capable of producing cancer in apprupriate ex- 
peennental aomals. Very few ot these, however. have heen 
shuwn o be carcinogenic for man. Species specificiry 2avs 
a prominent role in all animal research; and s, it is not 
s pssing that indings on an mals of certain <peces cannot 
be direntts eatoapolated to man The wateogen ¢ sarconas. 
1oz enamply, whichohave been produced in rahoity by bersl- 
Lium have found no counterpart in humans. Mue, which 
have been expased ta such chlonaarad hydnwarsong, as 
aartun terrachloride or chlorgiorm; ur to certan of the 
arwn tie azo-compounds; or who have been feld < lenium, 
have devcloped hepatomas never ubserved in man. When 
wne limits wne's inquiry sull furcher o the respiratory 
teeet and more specineally o the lungs, ae primaey cancer . 
Cres, ane comes up with a want few kneevn etiolagical © 
agents, Many substances ane suspect, but the data in nwest 
mstzey s are inconclusive. at the present time. wr hizhly 
iz sl ¥ y " i 

Whiatever the cause. the incidence of lung canver e 
wMoen i high, ar present. tu constit-te 3 major health 
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problemn ; pussibly a problem in nublic health or more spe- 
cincall, in industrial healthe Lung cancer has been in- 
creasing. especially during the last two ur three decades, 
at a rate apparently bzyond that of other cancer sites. 
There is no general agreement as to whether this increase 
is real and abwolute. or merely apparent and relative; and 
many inrerpretations have been offered. But it is quite 
striking thae this steady increase has occurred during a 
periud characterized by remarkable technnlogical advances 
in this eountry; a period in which increasing numbers of 
workers were being expined to a greater number and vari- 
ety of cheinical and physical agents in the industrial envi- 
roniment, than ever before. The fact thut inany of these 
chemical subscances are present in the air of the workroom 
in the form of nusious dusts, guses, fumes, mists and so 
forth, has also been duly noted. [t is natural enough, there- 
fure. to spiculate that perhaps the industrial envirominent 
has heen playing an etiological role in this increasing inci- 
dence of lung cancer. Indeed, inhalation of air contam- 
inates in general, including smog over cities, is receiving 
an unusual amount of serious attentiun at the present time. 

Ixpustriat Hycrexe CoNsivrrarioNs 
To those of us who specizlize in the field of industrial 

toxicology. and who are particularly concemed with the 
physiolugnical and merabolic mechanisms associated with 
the development ot the accupational diseases, industrial 
lung cancer presents a special challenge, us still another 
meupational diszase. Mang and diverse clinical entities 
are known to re<ult from the inhalation of industrial air 
contaminants, under certain citcumstances. Soine of these 
accupativnal diseases are characterized by pathology of the 
upper respiratory passages; others, by lung patholugy. [t 
might be useful, therefore, to briefly examine this exper- 
ience, tu sce what light it can shed upon the development . 

wL“' S 

" of lung cancer in industrial workers. 
Perhaps, one of the most striking observations is that 

the inhal.ation of these nuxions dusts, gases anl tumes fron 
the air of the workronm does nat necessarily, or even 
usially, result in injury to the respiratory trant, Tndeed, 
ther adverse efects upon the ivaly are wften *th In found 
elsewhere, Lenad, tor example, whether inluled as dust or 
fumes, reavhes che alveoli of the lungs. But it does et 
produve tung pathology, e is carried away in the blesl 
strean and causes lead poiconing. 2 systemic discae. Sinis 
laely all industrial solvents enter the bodv by inhalation, 
hut inwifar a¢ we now kaow, ther tovicalogical elects are 
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in atess remote from the respiratory tract. Carbon tetra- 
chlor Jle. for example, has a predilection for the liver and 
kidneys; carbon disulphide, for the central nervous system; 
and benzol for the hematopoetic system. Inhalation of 
betz naphthylamine may produce cancer of the bladder, 
but apparently never of the lungs. Arsenic is of special 
interest at present in connection with studies on smoking 
and lung cancer. However, there is no definite evidence, 
as yet. that inhalation of arsenic is capable of causing lung 
cancer. [t has always been more especially associated only 
with cancer of the skin and of the eyelids. 

The Pneumoconinses—Th's group of occupational dis- 
eases, as you well know, is characterized by the inhalation 
into the lungs of foreign dust particles, usually less than 5 
microns in size, and the development of characteristic 
luny parhology. The pneumoconioses are of interest to us 
here because the dusts involved tend to be irritating; the 
lung pathology produced is of the chronic type, taking 
many vears to develop; and a fair relationship has been 
extablished between pathology and dusage — dosage being 
measured in terms of numbsr and size of the dust particles 
in the air, and the duration of exposure. 

Silica and asbestos are of special importance among the 
dusts which fall into this category. The environmental 
conditions for their development are essentially similar, 
Nevertheless, silicnsis is not. 2 jated swith, 
or productive of lunc cancer. whereas sbestosis very 
e . Taincre @ chemeal dinerence which accounts 
T one being carcinogenic and not the other? Are 
Airierences in the phusical characteristics of silica and as- 
hestos Just, responsible? \We do not know. 

Jeute and Chranic Irritation—\Vorkers in industry are 
exposcd 10 air contaminants in the workroom which are 
fir mwre ieritating to the respiratory tract than is cither 
silive or shestos. Those which do not reach the lungs 
mav. nevertheless, be respausdle 1nr severe lacrimation or 
for +arving degrees of Incal irritation of the nuse and 
theait, Exposures may be wontiniung or intermiteent ; 
conce t-ations in the aie may he Righ or law, Swane air 

- 

contaminants are highly ieritating even in low concentra- 
rions, Others are irritating only when concentrations are 
extreimely high. Suine are sensitising agents. In any event, 
it is of interest that in industry, lurze numbers of workers 
have been exposed for 3 great many years to a variety of 
chemical air contaminants which are irritants. . 

In clectro-plating, for example. long-continued expos- 
wree i chromic acid mist may result in ulcerations not only 
of the nose, but of the skin. Perroration ot the nasal sep- 
tum is a typival finding. Nevertheless, even though large 
numbers of such workers have suffered from these condi- 
tiens fur a great nany years, there appears to be no evi- 
dence at present that such lesions ultimately develop into 
cancer of the nose or cancer of the lungs. 

When one goes on to an examination of industrial lung 
pathology cauied by cxposure to other highly irritating 
substances such as chlorine gas or nitrous [umes, one finds 
the same apparent lack of any carcinogenic inechanism at 
work. Continual (or intermittent) exposures to varying 
concentrations for long periods of time, have caused such 
conditions as chronic bronchiolitis. alveolits and bronchitis. 
Single intense exposures have produced acute bronchitis, 
pneumonia or even edema of the lungs. But reprated acute 
and chronic exposures over inany years do not seem to 
have resulted in the development of lung cancer, insofar 
as we now know. 

Industrial dusts and gases — such as flour or formalde- 
hyde—which act as sensitizing agents tend to cause asthma 
in allergic individuals. Repeated asthmatic attacks, n 
turn, produce sscondary chronic respiratory conditions 
such as chronic bronchitis, emphysema or bronchiectasis. 
But again, no relationship has, thus far, been demonstrated 
between lung cancer and any of these chronic conditions 
whether of industrial origin or not. 

The inhalation of non-toxic dusts, such as sugar dust or 
spices may be highly irritating to the nose and throat be- 
cause of their chemical reaction with mucous secretions. 
Even a physiologically “inert” dust, so~alled, such as 
wood dust, when continually deposited on the mucous 
membranes of the nose and throat, tedds to cause mechan- 
ical interference with ciliary action, and in other ways 
impairs normal physiological functioning of the upper res- 
piratory tract. And jet, there is no evidence, at present, 
to indicate that such prolonged exposure is associated with 
primary respiratory cancer. : 

‘'he data now availabie are vbviously too limited to 
warrant any final judgment. However, it would scem that 
respiratory cancer is not necessarily at any rate, associated 
with chronic irritation of the respiratory tract resulting 
from the inhalazion of air contaminants in industry. 

Synergistic dction of Chemicals ond Drugs—Both in 
industrial toxicology and in medical therapeutics, one en- 
counters the familiar phenomenon of synergism. Exposure 
to a single substance, in amounts w hich are completely in- 
nocuvus. may be toxic when this is combined with a dose 
of another toxic substance which, would have been equally 
safe, if given alone. This principle has heen well estab- - 
lished both for experimental animals and for man, as you 
well know, . 

And vet. as a practical matter, it is all tao often over- 
looked that workers in the course of a lung life, are ex: 
posed to inultiple physical and chemical agents in their 
cavironments both in and out of industry, The principle 
of svnergiun is operative here as chrevhere — however 
frustraving this may be to the research wurkers in the held 
of occupation:l cancer. 

Differinees in Susceptibitizy —DiRerences in individual 
aisceptihility to Jlisease pervades all of il nedivine 
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=1 mvestigation and icpurt by the Chiel Medical Tnspee- 
+ tor of Factories. In a review of the incilence of nose and 

lung-cancee between the years 1923 and 1948, inclusive, 
he found 47 cases oi vancer of the nose. and 82 cues of 

2 (“'.mcn of the lungs among these wurkers. The average 
uration of exposure hefore the development of vancer 
was 23 vears for the nose cases, and 23 years for the lung 
cases. T'he average length of time between diagnusis and 
death was short; and by the end of 1943, 46 of the nasal 
and 72 of the lung cases had died. The precise causative 
apent has not yet been identified and the macrer cuntinues 
to be uiiler active investigation. There is no counparable 
experience in this country. . 

The Chromates—The etiological role vi the chromates 
in the production of lung cancer has heen pretey well estab- 
lished in this country in the last few years; and these 
findings have confirmed previous European experience. 

o 1048, at the request of the chromium-producing in- 
dustry, Drs. Machle and Gregorius made a study of deaths 
from cancer ot the respiratory tract from 1937-1947, in 
five chromium-producing plants. Dr. Mancuso, the year 
following, examined the records of all employees who had 
wuiked one vear or more between 1931 and 1949 in a 
chromate-producing plant in Ohio. Dr. Baetjer then 
reviewed all of the European and American experience, 
and reported on a study of her own in which she analyzed 
the records of two hospirals in Baltimore located near a 
romate-producing plant. Tn each of these studies the 
incidence of lung cancer among the chrome workers was 
sisnincantly high. 

A il of 122 case reports, were thus collected, of can- 
cor ¢ the respiratory tract among workers exposed to 
chrome. OFf these, 109 worked in the chromate-producing 

\vindumin; 11 in the manufacture of chrome pigments; 2 
/in wther industries. Sixty-three of the cases occurred in 

Gerinany, 57 n the United States. and | each in Switzer- 
land and England. The chemical substances bzlieved to be 
responsible aie the hexavalent chromium compounds. par- 
teularly Na and K monochromate or dichromate: and 
2'nc Jhromate. inhaled as'dusu. 

While the mechanisms are not knuwn, certain observa- 
tins were made which are of interest: 

1) Most cases were found to be primary bronchiogenic 
carcinomas. 1n a few instances, the upper respiratory tract 
or the oral region wers involved. The incidence of cancer 
in other tissues was not high. 

2) ln sone cases. an exposure of four years appeared to 
be sufficient. In most cases, huwever. a great muny ycars 
of exposure were necessary. In some instances there was 
a latent periud of variaole duration between leaving the 
expusure and the development ot the cancer. 

3) “I'he intensity of exposure could not be evaluated in 
these canes. Presumably, however, in yvears gone by, this 
type of work was very dusty. 

4) Lunz cancer in these workers showed a somewhat 
younger age distribution than that for non-occupational 
lung cancer. 

5) There was no indication that persons exposed to 
chromates in other occupations were maore than nurmally 
liable to cancer of the respiratory fract. 

In New Yurk State there is exposure to chrome and its 
compuunds in a variety of indusiries: 1o the mining and 
extiaction of Jirome ore. which is ferrous chromize; in the 

‘( _ manut.cture oi chrome pigments, including zinc and lead 
chrnmstes: in chrome-plating operatons, where there is 
expocre to chromic acid and chromic acd mist; in the 
leather ndustry where chromium sulphate and sodium 
bich omate are used in tanning. Photo-engravers are ex- 

posed to mmnonizm bichromate and alwo to asphale Since 
Loth of these sutstances are under suspicion, the Division 
of lodustrial Hygene decided to make a special study of 
phuto-enzravers. 

In photu-engraving. the cpper plates are coated with 
a thin light-sensitive filin of gelatin and aminonium bi- 
chromate. and the plate is then exposed to light behind 2 
negative. The penetratiun of light through the transparent 
areas of the negative. causes the formation of 2 water in- 
suluable chromium-gelatin, film, which is resistant to acid. 
The parts ant exposed to light remain soluble and are 
washed off. Prior to etching all large surfaces,“which are 
gelatin-free and which would ordinarily have to be caten 
away, are coated with an asphalt paint, which is resistant 
t0 acid. After the plates have heen ctched in a ferric chlor- 
ide solution, these areas are reancd out with the aid of 
rotary electric cutting tools. 

An unselected series of 684 photo-engravers were X-ray- 
ed in couperation with the chest clinic of the New York 
City Department of Health. No pulinonary neoplasms 
were found. At the same time a preliminary examnination 
was made. under Dr. Hueper's direction, of the healch 
records of the Photoengraver's Union at its central head- 
quarters in St. Louis. The results are inconclusive, thus 
far, however, and further study is nccessary. 

3. Radiation 
Exposure to radiation is on the inctease not only in in- 

dustry but in hospitals and in research laboratories every- 
where. Radium dial painting is booming again as a re- 
sult of industrial expansion for defense. The examination 
of metal castings for Raws by the use of radiuin and X-ray 
has become routine in foundry operations. Radioactive co- 
balt is being ussd increasingly for this purpose at present 
The fuoroscope has not only made i way into retail shoe 
stores, but is nsed in many industries as an inspection de- 
vice — for the detection of misplaced nails in shoe manu- 
facture; for examination of metal inserts in plastis; for 
the detection of foreign bodies in packaged foods, and so 
on. Radioactive static climinators are utilized to prevent 
fires in duzens uf industries and opefations. These include 
publishing houses, plastic fabric manufacture, tcletype 
nachine installations. ere. Radioactive isotopes are step- 
ping vut of the expert hands of technical personnel, in 
rescarch laboratories, and are now finding their way into 
the hands of lay workers, not at all familiar with the po- 
tential hazards to health which are involved; or with the 
precautionary ineasures which are essential for safety. 

\Wherever there is radinactive dust in the workroom air 
—however invisible to the naked eye—one is presented 
with a known etiological agent in the production of lung 
cancer. There is, as vet, very little information as to what 
constitutes a “safe” dust count; or how much radioactive 
dust one might. in general. anticipate in specific operations. 

" Too few dust counts have, as yet, been made to provide 
this basic experience. However, standards for radon gas in 
the air of the wurkroom, emanating from radioactive ma- 
terials present there, have been established ; also for radon 
in the expired air of individual workers. Tuking of the air 
samples is nut two dificule. But these samples must be 
sent to highly specialized radiation laboratories for an- 
alysis, and this is tairly expensive. 3 

T such plants there is usually simultancous exposure to 
various types nt exiernal radiation. This type of expusure 
will not produce lung cancer ; but adequate lead shiclding 
and other control neasures are nevertheless essential for 
the prevention ni vancer elscwhere in the body. 

(Curtizued in the July, 1932 issce) 
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