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"Do you realize thot within the lifetime
of men now living, within 3 hundred years
or ane-hundred and thirty years ot most,
ell the external conditions under which
pan lives his life on this esrth have.
been more completely revolutionized than
during all the ages of recorded history
which preceded.” ' '

R, i. Milliksan.

Occupational #nd Environmentz2l Pulmonary Cancer

¥ith Specizal Reference to Pneumoconiosis

V. C. Hueper

1. Increzse in Lung Cancer Freguency.

It is generzlly recognized that exposure to certzin exogénous physical _
—and chemical agents plays an important role in the causation of cancers of '
the sidn. Consi:iering ths fact that the respiratory tract my be looked upon
as an Inverted part of the outer sovering of ths body =nd that meny of the
¥known or _suSpected cutaneous carcinogens also are ir;haled, it is not surpris-
ing that observations made m:.nly during recent deczdes have brought to light
a rapidly in_creasing number of environmental and oecupetionzl agents which are
involved i.j the develomment of cancers of the nzsal cavity, pzrznasal sinuses,
larynx, and lung. The relative import.ancé of these discoveries is greatly
enhanced beczuse of the consistent a.ﬁd spectacular increasc in the frequency
of cancer of the lung noted during tha last 50 years in.zlmost 211 industrial-
'1zed_countries_ (Hueper). This rise in the number of deaths from pulmenary
cancers has reiched in several regions such ‘proportions, thzt cancer of the
lung hes replacéd cancer of the stomach as the most frequent cause of dezath

from cancer among mrles (Steiner, Butt and Edmondson; Halpert).




.

It has lately become a convenient expedient for some investigztors to

qxplain awzy mpleasmt things in vital stat:.stlcs, such as the rising ‘death

rate from bronchogenic cancer (Stocks) by changing fashions in cert:.flc‘.tlon

of causes of deaths, increased awereness of the mediczl profession of lung
cancer, progressive aging of the populzation and simila.r half énd part truths,

However, to the critical observer thecre eac:.sts little if any doubt that an

apprecishle part of this development is real 'I'he following grophs (fig. 1 =2nd

fig. 2) =2nd table (teble 1) giving statistical dat:. from this country and
abroad support this statement.

Fig. 1. Death PRates for Lung 2nd L2rynx Cancer
in the United States, 1925 - 1348.

Fig. 2. Lung Cencer Death Rates for Zngland
and Weles, 1900 = 1947.

These observotions mrde on official death certificste datz =re in ;Eé-
ment with the e_Vidence obtained by investigztors using cutopsy m=terial 3
Stejb%e'f, Butt end Edmendson féund at the Los ;.ngeles General ’r-iospﬁ'.t'!l thot
ear;:l;'n;; .of the lung w=s moted dur:.ng the per:.od 1923 - 1927 jin 0,6 percent
of all autopsies and cbnstituted b,.3 percent of 211 tumors, while in 1943 to
1946 correspdndin,g figures were 2.3 percent and 11,3 percent. 3imilarly,

Beeler and Iray observed at the Lottermzn Generzl Hospital in 5an Francisco

bronchogem.c carcinomas in 1.2 percant of 211 autopsies dar:.ng the decade

1920 - 1929, 'uhereas they occurred in 2.7 percent in the period 1940 - 1948, -
Corresponding observations were recorded by Ochsner and DeBakey; hoschn;
Gowan; Metropolitan Life Insurance Compeny, and other American investigztors
(Hueper; Steiner; Bruby and Sweany), 'I'he statistical data of .Dorn and Potter
show that this trend has been in enstence since 1914 and kzs shown a tendency

in l2te years to became less pronounced (table l)

Sehinz, Rosin and Sdpti reported from Zurich, Switzerland, that the male
mort.aiity due to carcinoma of the lung between 1936 and 1944 wes 9.8 per 100,Q00




Tnble 1,

Annual Age Adjusted Increase of Frequency of Lung Cancer Mortality

Dom ' 1914-1930 19311940 Potter 1933-1944
Males 10.5% _ 8. 5% 5.8%
Females 8,0% 2.5% 2.0%




Number of Deaths per 100,000 Population
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Lung Cancer Death Rates
for England and Wales
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whereas it was 2.7 per 100,000 from 1896 to 1%05. Brandt noted that in
Riga, La2tvia, the lung oancef incidence rosc from 1.5 pércent of éll cancers’
found at autopsy in 1901 - 1905 to 10.5 percent in 1921 - 1925, Simross'
analysis of the post-mortem ma_terial of Goettingen, Germany, yielded sihilar
information, sir;ce cancer of the lung'constituted 2.6 percent of 2il caneer
in 1906 to 1912, while they wers 9.8 percent in 1927 - 1931,

According to 2 repert of von Glinski in 1939, 6.82 percent of 211 cancers

" seen et autopsy in Stettin, Gc-rrﬁmy, involwd the lungs., Ciommesen evzluating

official Deanish mortality figures noted a2n ~ppzrent rise in lung cancer -mong
mal2s, whose attack rotc increascd frorm § per 10C,000 in 1931 in Copenh'ﬂ.gex_u
to about 25 per 100,000 living in 1945, whiie the corresponding figures for
females zmounted to 4 ond 7 per 100,000 respectively. The obszrvstions of
Husted and Biilman on Danish post-mcrtém pmaterizl confirmed this trenc. The
investiéations of Henschen on the autopsy m'.t.;erj_al of Stockhol:n hospitels
(Sweder)- also reve=led a progressive increase »f lung cancer during the periad -
1900 t~ 1946. During the period 1900 - 1909, 1.6 percent of 211 can-cers
affected the lungs, during 1910 to 191% the incidence figure stoad 2t 2.1
percent ané had risen to 5.85 percent for the period of 1920 to 1929, In the
autopsy motericl of the St. Erik's Hospital in Steckhelm, 9.9 percent of all
cancers observed during 1937 to 1946 were located in the lung, Uhile Casole
reported in 1927 that among 2,658 necropsies performed in Padun during 1914
a'nd_ 1925 there were two cancers of the lung (0,07 pez:cent) znd among 11,968
autopsies mrde during 1910 - 1925 in Milam, t}‘;ezﬂe were 15 pulmonary cancers
(0.13 pergént), Fabris noted in 1938, 150 lung caneers anong 10,000 necropsies
seen in ten years in Venice (1.5 .;percent).. : -

The statistical studies of Stocks have demonstrated that also in England

and “2les there has occurred a phenomenel increase in the frequency of lung
cancer during the last several decades (fig. 2). Cancer of the lung in
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- England and Wales had standardized death rates of 1.l for males and 0.7 for
females during 1901 - 1920 and 10.6 for males and 2.5 for females in 1936 - 1939
which are almost identical with those recorded by Schinz for Zurich. These
observations are in a generzl way confirmed for Greet Britain by the studies
of Kemnawey; Kennaizy and Kennaway; Heady and Kennawey; and Cheosemzn as well:
as by those of Bonser. This investigator ncted th:.t. there was a noticeable
increase in the incidence of Intrathcracic cancers at post-mortem at the Leeds
General Infirmary during 1928 to 1937, following a long period (1891 - 1927)
of relatively steady incidence, for which (1894 - 1928) 21s> Passey 2nd Hol;nesji,
using post-wortem material of varisus hospitals, did not observe any signifi-
cant changes. Hercdy 2nd Kennaway pointed out that there occurred a uinefﬁld
increnrse of cancer of the lung in men in Zngland ond “ales between 1928 c=nd

-

1947, a2ccording to data of death certificates,

The ev:{dence bzsed on death rates fro 1ung cancer and on cutopsy observe- .
ticns~was confirmed by the results of recent morbidity studies on csncer of

the respirntory trzct for eight metropclitan centers in the United States

X

(Dorn; Warren; Grodowitz; Cutler; Maz"cus)..' The surveys conducted Sirst in
\ 1937 and 'repeated.'in 1947, showed for =11 metropolitan centers z corsistent
and often considerable increase in the mortidity rates of both eencers of the
lung and, tr~ a lesser extent, of the larynx (table 2). The rise iz larynx
cancer morbidity in the urban areas in the United States demonstrated bty the ~
surveys between-1937 and 1947 appears to be definitely more pronounced than
the increzse of crude larynx cancer death mﬁes per 100,000 in the United
States (1930: males, 1l.42; feln.*zies, 9.22; 1937: m2les, 1,705 femzles, 0.25)
(Jackson and Jackson). These ogs_emtiom on the trend of death retes of
lorynx cancer in the United States are in relzatively close agreament with -
those made in England and ‘zx’aies (Kernawzey end Kennaway) which stood in 1932
at 4.4 per 100,000 males and at 1,1 for 100,000 femrles, while they were in



Table 2.

Incidence of Respiratory Canocer, 1937 and 1947

Morbidity Rntes for Eight Metropolitan Centers, by Sex

! per 100,000 population®
' M=les Femeles Totzal
Primary 5i84‘andn Percent Percent Percent
. City 1937 1947 Increage 1937 1947 Increase 1937 1947 Increage
/ . .
Bronchus and ILung
Atlanta 5.0 13.4 168 1,0 8.0 400 2,9 8.9 207
New Qrleans 13.1 39.1 158 2,8 4,2 50 7.6 20,8 174
Dz211as ' 5.9 29.0 392 0.5 6.4 1180 3.1 172 455
Denver 9.1 21.9 141 4.2 8.1 93 6.6 4.8 134
San Franciseo 15.6 34.3 120 3.9 8.1 108 9.8 20,8 112
Chicago 13.3 29.5 122 4,3 7.0 63 - 8.8 18,0 E‘i _
Pittsburch 9,7 26,1 169 4.9 5.5 12 7.3 15.6 _
Detroit 12,6 32.0 154 2.3 5.7 148 7.5 1%.0 159
Im T : . - ’ .
ftlante 1.4 4.0 186 0.3 0.3 .9 2.0 122
New Orleans 1.3 14.9 32 0.4 1.0 150 5.6 7.6 36
Dallas 3.2 5.3 66 1,5 0.4 73 2,3 2,7 17
Bi rmingham 1.4 4.0 186 0.0 1.3 0.7 2,6 271
Denver 2, 4.1 105 .0 '¢.0 0.9 &.,0 122
o San Francisco 1&05 8.8 96 C.2 0.‘3 Bm 2016 l&.6 92
P!.ttsbu!‘gh Loh 8.0 82 0.‘& 0.8 100 20‘& l&o‘& 83
Detroit 3.5 6.4 e3 0.4 0,3 =25 . 2,0 3.4 70

%Biometrics Section
National Cancer Institute
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1949, 4.1 for meles and 1.3 for femzles,
I_t is apparent from these data that yhatever factors may be rc-sponsible
for the..rer.arkable rise in the frejuency :ﬁ‘ lung cancer, they have not - or to
a much lesser degree - affccted the incidence of cancer of the larynx.

If a1 due ~nd liber=al allowonce is made for the progressive aging of

. the popuiation since 1900, for an increased =wareness of the medical pro-

fessicn of pulmonary cancer, for improved diagnostic facilities, for better
recording systems, and for decreas=d deaths from other diseases thrn cancer,
therc still remains = considerehle Balp.nce »f lung cancers which cannct
plzusibly be acccunted for by thes;e factors. Surely, improvemcnt in thz
nmedical proficiency of the pathologic dizgnosis of lung cencer can sce.rcelj
bc advenced as 2 factor of icp-riance, since thé histologic éingnnsis of lung

-—

cancer is in gener=l not a difficult tcosk and hes bean practiced with effi=
ciency.?nd cappctence for meny- dec.*.cies in the well-~rgonized pathnl-_;g.i-t.::-.l )
instigxgtfs of Europc, which serviced the large public hospitals- with thzir
sociologicelly ond economic2lly relctively stable patient populnticas. The
numerous objections voiced by Machlin on statistical grounds ~gninst the clainm
of an incre:_‘.se of lung conecersg, pertain to only ~ mincr degree t> these .insti-

tutcs, Since fundamental chsanges in the biolosgic cmposition znd constitutiosn

of the pcoulation 'groups involved did not tnke ploce within a few dscades

during which the increase in lung cancer freguency sccurred, there remtin only”

rlterations in envircomental factors rel-ted to m~dern industri-clization and

-1iving conditions which plausihly right have provided the main ciusttion of

this devcl-prent (Roycott).

2+ Gezgr-phic~l Distributizn,

The concept thet exogencus faetors, entering the humen envircnzent some
75 to 50 rears ago ond 2cting inm incressing intensity, cre rssponsibl: for the

recent increzse in lung cazncers is suprortud by adcditional epidemiolcgic
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observations, related to tﬁe_geogmphical distribution cf pulmonery eancers.
The dszta on the incidence of respiratory ‘cancer, 1937 and 1947, m eight
metropolitan centers (table 2) rsveal stri]d.pg differences in the lung cancer
morbidity rai_:es of different centérs, the extremes being 39.1 per 100,000
population, mrles, 1947, in New Orleans and 13.4 per 100,000 in ‘tlanta,
The percentages of increzse in frequency-for these cormnities zlso were |

far from uniform. Since the most marked discrepancies cn these two points

oeccur among metropolitan zreas (New Orlczns and Atlants) loccted in the same

pért cf the country (Southern St-tes), it is most unlikely thnt diiferences in
the genetic-biologic campnosition of the pormiztioas or fund=mentzl variations
in the smoking habit between these populations ean be responsible for ther.

It is, therefore, much rmore p;:'cbr.ble that cccupttionz2l, industri~l or »thzr

envirommm tnl factors rcl-ted to living conditions account for these regicnal
’ = -7
variations,

Similar vnristicns appear if crnecer oortzlity data for differunt aress of

States are annlyzed, When Colcré.do, for instance, is divided ints ;c.hree regimns
according to predominating tymes of occupational zctivities (ezsterr. part with .
agriculture, central pert dth industry, westem p*.rt'with mining ~nd renching;
(fig. 3), it appears that the highest lung cencer desth rote exists in the
centrs1, industriclized portion (50 per 10C,000 rale deiths) while the lowest |
is found in the agricultur}'l ares (30l per 100,004), with the western nining -

regions nccurying an intermedirry positicn (32). 3eelig »nd Benignus also

demonstr~ted thot lung cnncer denth rates for 1930 to 1934 were higher in the

_urban ~rcas thon in the rural ones of the forty-eight States,

Simil~r state~wide discrepsncies in the distribution of pulmonnry cancer
appear, if th: lung cancer dezath rates cf the for“tyteight Stztes 2re compared :

(table 3).
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Teble 3,

Luns Cancer Dcath Rates in the 25 States of the United States
in 1946 and 1948
Crude Death '
Rates per 100,000

Industrianlized Statcs

Stote _ 1946 1348
Connetticut 8.5 1,1
INlincis 8,1 8.2
Maryland 6.5 8.4
Massachusetts 0.4 10,2
Michigan 5.7 7.1
New Hampshire 7.4 AC.1
_ New Jersey 9.7 9.7
/ New York 10.2 1.9
) Ohio 6.0 7.8
Pennsylvania €7 e.L
Rhode Islard 8.7 7.4
States with Regional
Industrinlization
State 1648 - _1648
Florida . s.8 = Tk
Louisinana 6.5 . 8,5
Missourdi ' 7.3 ' 9.4
: Monﬁgm lC.ﬁ N 8.8
Nebraska 5.7 80 _
Lrpricultural Stotes
State 19i% 1918
- Alabama 4.9 501
\ Arkansas 3.6 5.4
New Mexico 2.6 3,0
North Cerslina 3.1 4.0
North Dzkota 5.6 4.1
Géregon 4.1 R A
South Carolina 3.6 3.7
Washington 5.1 4,2
¥Wyoming 4,9 3,9

The dezth rates for the ysar 1946 wer: teken from "The .American
Cancer Society, Inc., 1949, Cancer Death hates for each Statc in the
United States by Site"; those for the year 1948 were produced by the
National Office of Vital Statistics (Rigdon and Kirchoff), -

—
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The extremes in deviations of lung cancer death rates between éifferent
Stotes were presented by New York with 11.9 per 100,000 deaths as the highest
rate and Idaho with 2.9 in 1948. Althaugh the differences are in part ex-
plainable by variations in medical care, recording, etc., they are too m~rked
not to be in part at least, real and to represent =ctual trends,

It is remarkable, moreover, that rotes above 7.1 2re meinly met in in-
dustrisl St~tes (Massachusetts, Comecticut, ‘Rhode Island, New Yerk, New
Jersey, Pennsylveania, Ohio, minois, Missouri and Michignn) cr in States
having known cancer-producing industries in some industrialized p-rts (Montana,
Louisiann, Maryland), while the mrjority of the predominantly agricultural
States having relatively low lung cancer rates.

Simil=rly, Springestt reported thnt the mortality from lung concer was
five times higher in Englamd nnd “ales than in Norwey, while thc mortalit¥y
from larynx cancer in Nerwsy was only one quarter thst in England. Fischer,

likewise, remarked on the considerable variations of the lunz concer frequency

-—

in"diifferent parts of Germony, where the highest incidence figures were re-
ported from the denscly populated and highly urbanized and industriclized |
districts of Saxony and the Ruhr Valley. (Dissnann).

Stocks; Kennoway; Kennawey and Kemnawey; and Fulton also noted in their
more recent studies that there wes a prevalence of cancers of the lung and
larynx in urban areas over rural ones. In urban populctions there was, oore-.
over, a lack of influence of social class upon the lizbility to lung cancer.
If the coefficient »f number of perscns producing one ca.ncér death was set
arbitrerily et one hundred for the administrative coumty of Londoﬁ during
1946 to 1949 , it was 233 for rural distr.i.c‘t;. (Ketnaway). For cancer cf the

larynx the coefficients were 100 and 170, respectively. Stocks' statistical

‘analyses of the lung and larynx cancer incidence for different age groups

during the periods 1921 to 1930 =nd 1940 to 1944 revealed thnt cancer of the
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respiratory organs wes the certilied cause of much h;lghcr death rates in
urban than in rural areas. In fact, it was shown in 1936 th-t for cancer of
the luné; in males there was a steep dowmé.rd gradient from London through |
large and sm21] tcwns to rural areas, While the standardized anrt-lity r:‘;ti:s.
for cancer of the larynx at ages 35 - 64 for socizl clesscs in Englend and
Wales, 1930 - 1932 showed a definite increczse toward the lowcst socisi clzss,
cancer of the lung rcve-led only sm2ll and i.;'x.sigrlifics.nt ccrrelctions with the
enviromental and soci~l indices cos expressed by thc five social clz2sses used
in the ev2luation, From studies of tihe records of the Meteorological Office,
( however, it a2ppeared that there existed 2 positive correlatizn between the
1ung cancer death rate and sunshine hours for 20 towns investigsted. Stocks
suggesfs thot the only explanctions of these results which seex adequate were

that either smokiness of atmosphere is an importsnt factor in itself in pro-

ducing eancer of the lung, or sunshine is an’ importent factor in preventing
its“incidence. _ - |

“In 2 recent stucy of ¥ills on the distribution of respiratcry trzct
coneers in relaticn to etmospheric pollutiza im Cincinnetl, this author come
to the conclusion that in general the clezner subu:ﬁs of the city hod low
respirztcry cancer rates, while the more industriaiized, low lying districts
had higher rotes, end that-the rotes of respirntcry cancer deaths per 10,000
m=les for a fivé-year pericd compared with the average c2rbon deposit per
month in different parts of the city.

3. ‘tmsoheric Pellution,

The topographical éistribution prttern cdisplazed by respi:at';ry cancers
clearly _sﬁggests the action of 2n en"v'imnne.“ntai-»&gent vhich is present or
operztive to 2 highcr degree in ufban and iMustiignZed regions than in
rurzl areas, Aiir pollution from efflusnts of domestic fireplaces, incinerntors,

industrial establishments, and carbcn ‘black plants, exhaust fumes from gasoline
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end diesel engines and coal »r oil-fired railroad locamotives, dust from
asphalted, tarred and oiled rosds and from abrasion of rubber tires (Sherreh),
would perhaps best conform with this pattem. The possible causal signifi- |
cance of same or 2ll of the menticned sources of air polluti-n has been pre-
posed previcusly by severzl investigztors (Duguid; HcCrce, Funk cnd Jackscn;
Klotz; Matz; Kotz Wegelin; Roffo; Seelig and Eznignus; Kling, Samssonov and
Heros; Oldofredi; Smith, “m.; lorentz). Others, however, discloim=c feor
various reasons, the existence of such connections (Husted an< B3iiizann;
Lehmann; Brandt; Fischer; Jaffe; Konr2d and rrankes; Kennawny 2nd Kcnnaway; -
Stocks; Syrek) with lung cancer incidence in England; Fronce; Germony, PSland,
Latvia, Pussiz and Sweden. R

The three m2in sources of potentizlly corcinogenic air pcllutisn zre re-

presented by (2) the specific hydrocrrbons which zre c:ntained in the ccmbustion

.and distill~tion products of czrhonacesus matter; (b) arscniccls released as

PRI

and po.;er plants or ns dust following their use a2s pesticiies; (c) radisnctive
matte; present as goses and fumes in the effluents from industricl ~nd pilitery
radioactive operntions, and rcdisactive recction and decay pfsducts of ~tcmie
enercy nlpnts (Saith; Lowry). .

e. Lorestic soct, which may consist of up to 40 percent of t::.rry
metter (Cohen and Rustor) and which is the chlv.f atnospk;eric cont.-ﬂ_v.-.i..mt, |
cont~ins, ;according to Gsulden and TMpler, 3,L-benzpyrene (370 mg./kg. in 2
mixed sarmple) representing one of the corcinogenic zgents present in ccnal tar
and sh_a_J:e_ 2il (Berenblum ?nd_ Schoental), _The scme carcinorgenic chemieal has
mcmﬂf been demonstrated in carbon bl%.ck%futic}} fom 2 majer constituent of
autamobile tires (Falk ~nd Stéiner). It- hos bet_a_r;éstimated that a single
automobile tire durn.ng its .li.fe, produces by fric;t—.i;.m with the surfcce upori

vwhich it travels, 750 billi-ns »f cart_:on black containing rubber porticles
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Benignus)., Similar results were obtzined by McDon2ld and Woochouse as well as

3 - 10 -
(Sharrsh)., This does not irciude the dust created from tarred, asphalted and
oiled road surfaces on which the tire was worn. It has been established. elso
thzt the exhaust of gasoline 2nd diesel én.gines contains benzpyrene (Woller)
and wzs denonstrated in automobile lubricating oil. It is noteworthy that
whilst the particles of coal smok;e e.fe distributed over a large range of sizes,
Waller found those in the cxhaust of intemal combustion engines caoncentrnted
in a limited range of small sizes, Dust particles of sm2ll size are known to
undergo meximun retention in the lung.

Recent studies of Waller showed that samples of smoke drmwn from the air
at eight different towns in England eontained benzpyrerne. The concentration of
benzpy‘réne rose sherply during the winter, and thecre wes a tendency for the-
mean annuzl values to increase with thc size of the town, The averzge benzpy-
rene cocncentrations during smog deys increased fourfold (from 7.2 mg. per. -
100 2 to 32.8 rg.). :'; lorge poart seems to ccme, in the opinicn cf ¥zller,
fror-domestic fires. Since it has been detected zlso in the ehaust of"co_'-'t—_ '
Bustiggﬂz"éngines, some benzpyrene in the atiSsphere rust come from this s::urce;

While the humzn evidence concerning the existence of a2 causzl relation
between the inhalation of atmospheric carcincgens from scot, rubber tires ond
engine exhtusts and cancer.of the lunz is suggestive (Schnurer), there exists -
adequate =2nd valid proof of the carcinogenic properties of soot or carbon black
or their benzolic extractives when n~pplied ts the skin of mice or inhsled into
the lungs of experimental animels. Extracts of cust from the air of x;ight la;-ge
industrialized American cities when injected subcutcnecusly into mice procuced
sarcomas at the site of intr:ﬁdu_ction (Leiter and Shear; Leiter, Shimkin and
Shear). - . ' . -

Mice exposed to the inhzﬂ.ation of soot obtained from a hospital flue stack

developed an excessive number of pulncnery adenomas and earcinomas (Seelig and
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Campbell, when mice repeatecly inheled clouds of soot collected from en
English city or swept from tarred English roads. Squamcus ce.li cancer of the
bronchi wes obtzined by Muller in six (6) out of 24 rats painted on the skin
with tar over prolonged pericds, yhile Pessrno rerorted simil-r results in rots
exposed to the inhelation of the exhrust of cambustion products of petroleum.

b, Extensive pollution of the air with crseniecal effluents from metal
ore smelters was especially in past décades,'é well-recognized fzet giving
riée to damzge to crops aﬁd wild and comesticated 2nimels (Hofmonn; Prell;
Nieberle), It wz2s an un~voidable while usually circumscribec ccmplication of
large scale dusting and spreying opermtions with arsenicsl pesticides, The
contaminztion of the 2ir of eities with arsenical impurities from the combusti-:
of oozl doubtlessly is in general of » much lswer order, Goulden, Kemnaway and
Urquhert recently deterrined the arsenic content of the 2ir obtzined from .- |
eight (8) English cities. It was found that there were in one cim, of air,
0.0553xfi§rogr°_ms of arsenious ax:ide_. This polluticn inereased- during November
to Jéﬁ’ﬁ—ai-'y to 0,104 micrograms, These amou-;xts when inhzled by men cver 2 perios
of yezrs zre considerzbly below those introduced into the lungs from smoking
cigrrettes or entering the body whed Fowle:'s soiution is taken. Goulden et al;
believe, thereforz, that the arsenic esntainad in the =2ir of large cities may
have at best a swmation effect, )

The human epidemislezic evidenc_e on.pulmonary cancer cousud by an environ-
mental arsenicnl air pollution is practically non-cxistent, unless the ob-
servations mnde during recent yenrs in severzl c-unties in Montsnz having |
eopper ore seelters provide vhat might be considered suggestive evidence
(table &),

c. Contaminatisn of the atnosphere with rfdicactive meterizl or 2

regionsl level near atonic energy pl::nﬁs or occurring at times on z wider scale

. as the result of mnssive discharges of radicaetive matter following atomic



Table l.".

Lung Cancer Mortality in Several Counties

of Montana, 1947 - 1948

Number .
County amd Aonuel Lung
Total Lung Cancers % Lung Cancer Death
Population Major Total Cancer Cancer Ratc[lO0,000
1940 Incdustry Mnle Fanele Total Deaths Male Female Mrle Female
( Deer lodre Copper 2 0 A 98 30.8 0.0 145.7
13,627  Smclting _ . | .
Silver Bow Copper 27 2 29 259 22,6 1,5 48,6 3,9
53,207 Mining h _
Cascade Copper 22 5 25 299 12,7 3.5 46,3 12,3
- Smeltinp, .
Gallatin rgriculture 1 0 1l 81 3.0. 0,0 5.2
18,269 '

»
2~

-—

The estimated erude death rate for lung cancer among white males in the
entire United States in 1947 is 10.9 per 10,000 population.
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bomb explosions represents a spscial proble:n which still needs a great deal

of criticzl investigation for properly assessing the possible creation of.

- eancer hazards to the lung and other orgaris from prelonged exposures and

cumlative effects., The ordinary radioactivity of the =2ir, on the other hand,
stems fi-:m the gaseous decry procucts of the small amounts of urmnium ond
thoriun distributed throushout the ecrth'!s crust. Dzwson recently determined
the degree of radioaetivitj of the susperded in_attar in the 2ir of urban and
rural arezs in IEngland, The amounts fcund were small (1/10th to 1/3000th of
the lowest amounts considered harmful to men), It 2ppears, therefore, that -
these commcn radioactive conteamirants af the air d- not play any significent
role in the producticn of the orcincry f.ype cf humen lung cancer, There is
thus 2 certain amount sf evidence suggestingz the exdstence of 2 causal relatiog
between soce atmospheric pollutants' with the relative distribution of respira-

tory eancer upcn large groups of the generzl population,

Tab~eeo

Dec

— .

Smokineg Habit,

be tional an2 Professional Distributisn, Dusty Trades anc

Munmerous attempts have been made clso tc estabklish cvidence incdicating
an excessive lung czncer liability for specicl an? restricted population

groups related to occupestions, trades, professions and hzbits,

a. Occupetional ‘spects, .. ccnsiderable number of investigators

recorded frilure in attempts to find specific occupeticn?l relatiors tc lung
cancer incidence (Breckbank; Hollingsworth; Simmross; Haintz; Husted znd

Biilmamm; Jaffe; Pice; Rogers; Shemnon; Bonser; anc others), Others coacluded

-that workers exposed to road dust or nonspecific incustrial dusts and fures

d;splayed éi_n excessive frecquency ol lung cancer zne/or concer of the larymx
(Campbell; Duruid; Fferenczy and }Matolcsy; Kennaway*-':nd Xennoway; Perrone and
Levinson; Rosedale and McXay; Schachter; Singer; aske-Upmark; Singzer; Horpeln;

Harvey; Seyfarth; Hudson; Rostoski; Szupe 2nd Schumerl; Schmorl). Silica dust
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in particul~r was menticned by Weigl; Schmorl anc Singer. The basic concept
-mderlyjng these clzinms is a'ppérently the still rather wide-spread, e.lthéugh
erronecus belief, that cancer may develoé on the basis cf any ncnspecific
chronie irritation., Since _6ccup~:tional and experiment2]l cencer rescarch has

rather dcfinitely estzblished the fact that carciriogenic properties ere

possessed by only specific agents of which only & part have also an appreciasble

irritztive cction, the above-mentioned assertions as to an alleged ccrcincgenic

action of all and any kdnds of dust seem to be conclusions dr"wr' fror pre-
conceived ideas; ard, tl{eréfore, are of re-ll.::;.-tively little scientific vp.'l.ﬁe._
Street dust does not possess oany earcinogenic properties in the opinion of

Kikuth; Berblinger, Schmidtmann and Probst. The latter cited in suppert t.he

relative infreouency of lung cancer among pclicemen, trolleymen, téamsters,

T T e -

chauffeurs, street workers, and street vendors.

Of distinctly areater significonce, on the o‘_t.hér hend, are the observa-
tions—mde in regeord to the increased or décreascd frequency c.f lung concer -
among :in;éi:bera of certain occupationcl graups, especially as these dota reveal
a definite degree of wniformity with which éertain worker groups a2re cited
for their excessive 1linbility a2lthoush the dnta =2re enning fram different
iﬁvestigators and obtained from different motericl, The informaticn on this
subject 1.5 sumarized in table 5. |

In addition to these occupationnl gr-ups for which = certain amownt of

agreement exists, there were mentioned by some investigators s cther gﬁups

which do not have general support, Versluys noted diamond cutters; Dublin 2nd '

Grehem, engravers; Wynder and Greham as well as BECC 1952, cabinet makers and
ca.r;ﬁen":.ers; YWnder and Gmham, smelter workérs; an:i Yersluys, butchers and
barmen, .. low frequency of lung cancer is reccrd;d"for agricultural workers
(Kennawey and Kennawey; Versluys) and cocl miners (Kemaway and Kennaway;

Meson; Versluys; Feil; Schulte; Schulz; ;llen),
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Table 5.

Qocupational Groups with an Excessive Lung Cancer Incicdecnee

fQecupational Group . Investizator
Metal workers, welders, metal Borst; Kennawey and Kennaway; Turner and
srinders ~nd poilshers, wire Grace: Mueller; Dubl:n and Van:z; Wynder
! makors, tooi end die ankars, and Grznam; McLaughlin
N frecdry wickors, metnl moulders,
lathe werkers, ete,
Cigar mhnufacturers and Seyfarth; Borst; Kermaway and Komnnaway;
tobacconists ' Enger; Versliys; Boinkmann :
Enfineers; mzchanics; mnchinists, HECC#* QL) and 1952: Gillespie; Turner and
plumers, etc, Grnce; . Muelier; Wyncer ~nd Groham
Painters, decorators BECC 1Y44; Mucller; Dublin and Vane; Fulton
TTEERTL ‘¥ynder and Grahem
Tar workers, road workers, Kennaw~ry and Kennawsy; Futon; BECC 1952
asphrliters, poviouess, stolkers, Registrar~General (1938), lcLaughlin
patent fucl workers, furncce :
‘ - men, frun-iry laborors,
\ rollers, ctc,

#Report of British Empire Cancer Campaizn,
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Recent cpidemiologic studies on the frequency of cancers of varisus sites
ameng the members of different industrizl groups in Ohiz, cecnducted by Moncuso,
provided -;'Elcther i ustrz=tion of the a;dsfing varictisns in liability o5 -
mON2ry cincer among various large occupational groups (table 6),

These rather crude rztes zre in generzl agreecment vith the observetions
of other investigators, since they shotr an elevated l.m:z cancer frequeney for
workers exrloyed in the ferrous 'and non-ferrous metel industries snd in trans-
portction, 2nd a low lung cancer rate for e.gr.iculturist.s.

idditional evidence suggesting =~ possible axcessive liability cof photo--

( engravers to cancer of the lung was discovered durinz a recent annlysis of the
cancer nortality reconds kept by the Intern~tioncl Photo-Engravers! Union -
a2 r=ther stable occup~tionzl group, Jrong = totzl of 1520 deaths observed
during 194C tc 1949 there were 165 cdecths from cancer of -11 sites, includiag

45 pulmonary cancers. There ware, thus, 2,9 lung ccacers per 100 deaths and

P

28 lung czncers per 100 cancer dezths, The estimnted cecth rete from czncer

of _.71}:;tes for tne prpulaticn of the Unitad States (having the soue age
compcsition)_. curing 1945 tc 1950 was 133, while the acturl nusber of denths
smong merbers of tize In'.tern".tionél Fhoto-Ingravers' Union f<r the scme period
stood ot 9L. However, there were 27 lung cancer cecths in this zroup (29%)
instead of the estirated 20 (153). While thesc cbservetions are in genercl
agreement witi those made on photsensrovers holding pclicies with the Metro-
politan Life Insurance C.ampény, 2 recent survey of 684 living photoengravers
by chest x-ray exsmin-ticn failed to yield any pulronary neoplaéms (Mcyers,
Dankmarm).

Lnother possible. exarple of -2n increased frezuency =f lung concer among
members of a speci~l occup~tionzl group. became .:;:pr_?ént when the lung eaneer

freguency ~mong operztin: ~nd non-opernting employees of tw: mnjor roilroad

was determined (tzble 7).
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Tabls 6

Lung Cancer Death Rate per 1,000 Deaths of All Causes for Seven (7)

Industrial Groups in Ohio, 1947 Among 5,309 Male Cancer Deaths

Induntrv % Respiratorv Cancer

Iron and Steel 2,18

Transportation 2,9

( Agriculture o 0.82
Rubber and Plastics . 2.34

Stone, ~"ay, Glass 0.66

Mon-Ferrous Metal 3.22

Mining and Quarrying 1,53

Total . 1.76

‘_ Table 7

Lung Cancer Frecuency Among Operating and Nen-~Operating Railroad VWorkers

Lung Cancer Lung Cancers

(- Total Ho, Operating RR Non-Cperating Lung Cancers Unde-
Railroad Feriod Lung Cancers Workers RR %erkers termined KRR Viorkers
- Ny, g Mo, % No, _Z
A 1940-~1950 29 24 83 5 17 _
B 1939-19.9 o, 59 % 15 15 30 08
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The erzloyment ratio of operating railroad wrkers to non-operating
railroad workers of one of the two companies was l:4. From this ratio it
appears -'-bhat about 75 percent of the lungl' cancers listed for roailre-d ar.ployees'
of these two campanies occurred among the operating grcup vhich represents only
25 percent of the totzl number of employees, Oparetin: roilroad workers in-
clucded engineers, firemen, conductors, men in the rcunchouses =ncd switchmen.

It ==y be mentioned finally that Bourne and Pushin demonstratesc the
presence of not inconsiderable 2mounts of chromiuz (chromite ore and chromates)
in the atzospheric 2ir in the irmediate emvircnment of 2 large chremote planmt
and thet Davis receéntly reported that the use of scluble chromates zs corrosion
ané rust inhibitors in\automobiles had led to 2 yellow discoloration of the
snow in ‘kron, Ohio. In viéw of the established high lung caneer liability of '
chrom=te wcrkers, serious attention must be given during the coming years 257
possible c~rcinozenic e€ffects resulting from such atmospheric pollution of
the air ._t-:'ith chromium containing carcinogenga_ (Hucper). 3Such obserﬁ.tions should
not be liphtly passed off with the unfounded ~ssurance that it is irnconceiv=ble
thzt any hoazardous conc@tm.tions of chromiun or =rsenic or sther c:;r-cinag_enic
agents micht enter the air in the environs of plonts (Foulger). Therough ond |

eriticnl surveys rust establish the harmlessness of such contzminctions as

“definite facts befcre they can be dismissed as potenti~l nubiic hexlth h:.\z:-:.rds.'

The accurrence of z not inconsiderzble number of "neighborhood cases" of
berylliésis caused by plant cnntamination of the envircrmental air znd assoei-
ated with 2t leest a patential lung and bone cancer hazard for the victims
should represent a very impressive warming against' undue complacenéy_..

In V.;Lew of tae demonstrztion of atmosph;n'.c carcinogens (Editcrial ,Lancet)
the serious problem of the possible imﬁbrt;nt role gf'in-;’.ustrial air pollution
in the rise of lung eancers should not be characterized as a subject for_' |

"loose ang injudicious statements”., It is poor scientific judgment if persons
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having seribus and competent concern with a public health hzzard of rapidly
growing irportance are suspected of "misusing statistics for propa ganda
purposes® (Lanza),

It is obvious from the evidence availgbie that the incidence of lung
cancer prior to 1900, in relatian to the frequencj of czncer in general, stood
at approxirm~tely one percent of all cazncer, _.ifter this pericd there wes at
first a2 graduzl increase in the frequency of these neoplasms, followed in many
loczlities studied by a sudden and mubh more ra.pid in_crease, the gr-dient |
becoming constantly steeper during the last three decades of this century.

One of the characteristic features of this phenomenor is thct the development
did not start in different cities, countries and continents -=:t. the seme t.i.ﬁe
but that there were marked differences in the time of onsect not only Setueen
cifferent countries, but also between different regicns and citics of t.he ”s;me
country. The develepment, morcover, was not un:Lfom in degree and mte:xsity in :
dii‘fex;eut localities, but evidently affected urben, industrialized 2reas to 2 .
highér*é:tent than rural ocnes and certain occupctional groups more than others
(Hueper; Steiner). If the action of envirommentzl carcimogens should meinly
account for the striking increase of lung cencer frequency and for its irreg-
ular course in different regions and conditions, industrial and industrizlly
relzted caréinogens would well f£it this pattem, since the growth of ‘indust-
rizl estzblishments and the use of their procducts in the economic life of
different countries and communities have greatly lacked uniformity in tme ’
type and extent (Hueper). |

b. Tobacco Smoking Habit, Rether far-rocching, if mot extrevecent,

claims recently have been advanced as to the impor't.a.nt if not predominant
role vwhich cigerette smoking is alleged to have pleyed in the production of
lung cancer and its pregressive rise in frequency during the past 50 years,

A oritiez]l and sober analysis »f the evidence offered in support of these

LY
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assertions is in order not only for reasons of scientific accuracy btut a2lso
for medicclegzl ressons and especially for determining the direction of
future épiﬁa:.iologic research and of contmi activities in the fidld of Iung cancer, .

A few years after there developed a growing appreciation of the rapid
increasz of cancer of the lung, smoking of tobacco, particularly, cigarettes,
w2s suspected by some investigators zs one of the eauses, or the main cause-
of this phenomenon (Perret; ..der; Wassink, '.rk:Ln and Viagner; McCord; Bogen
and Loofnisg Gracs; Thys; Syrek; McNally; Strned; Joanncﬁc; Berblinger;
Hochstaetter; Schoenherr), although such connections were denied by Staehelin--
anc Hintze,

Lickint in 1930, howaver, was the first to make definite clcims in this
respect, for which he sought support in the obscrvations of Seyfarth and of
Young, Russcll, Brownlee and Collis cor'xceming the excessive frequency of ltﬁg
cancer cmcng restaurant owners. and waiters professicnelly exposed to taobacco

smoke. These sssertions were repcated by Hoffman; Ferrari; Brckbank; Roffo;

- .
oA

Jackson 2and Jackson as tc the larmx, Muller did the first statistical study '

on the relation of tobacco smoking to lunz canecer by comparing the relative
intensity »f the smoking habit (cigarettes, cigors, pipe) among the members of

2 series of 86 lung cancer patients with the intensity distribution among a

normal control group (table 8).
Jccording to the o.ccupational datz given, there were in the cancer series

19 mzle ir?ividuals occupationally exposed to metal dusts and fumes, lubri-
czting oil mist and soct; 12 expnsed to sot ond automobile exhaust; 11 ex=
posed to. i;xgredietxts of peints; ene (1) e;xpos“ed to chromates; while of the

10 ferale cancer cases, three (3) had worked in an ammunition plant and one (1)
in .a cigerette factory.- 4. possibly significant occupaticnal exposﬁre history
thus existed in 43 of the 76 mele cases and in perhaps four (4) of the 10
female cases, |
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Table 8

Degree of Tobacco Consumption imong 86 Lung Cancer Cases and 86 Normal Ccntrols

Degree of Tobacco Highly

Consumption Excessive Very Heavy Heavy Moderate Non-Smokers
No, of No, of oo 0Of No, of . No, of
Cases Cases Cases Cases _ Cases
% of Degrees Among ’ :
Lung Cancer Series 29 (25) 2o (18) 15 (13) 31 (27) & (3)

€ of Degrees Amcng
Normzl Controls 5 (4) 6 (5 25 (22) 48 (41) 16 ()
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sn anzlvsis of the tcbaceo smoking nistery of 93 'lung czncer patients
of Schairer =nd Schfniger revealed similar statistical corrclaticns, since
29 were hit_ﬂmly excessive zmokers; 19 very 'heavy ones; 31 heavy cnes; and
11 moderzte ones, while three (3) were non-amokers.

wWhile fhese discussions of_'a possible causzl relation between cizzrette
smoking and lung cancer first amuced .little attention beyond the norr:w circle
of research wverkers, the probler started to et:t—.mct wide attention from ths
redical profession, public press, industry, and laity cfter the publication of
the papers »i Schrek, Eaker, Ballard and Dolgoff and of Wynder znd Greham in’
1950, There followed in rarid succession 2 mumber of stztistical investiza-
tions of this problem from this country end abroad (Levin, Goldstcin and ™
Gerhardt; Breslow; Ochsner, DeComp and DeBakey; Grzhom; Viynder; iills and
Porter; Durz~ll; Dcll and Hill; Daff and Kennaway; Deff, Doll and Kennawzy;>—-
Gsell), From the results of these studies thes following conclusions were

drawn by the different investig~tors:

-—

¥ynder and Graham: Excessive znd prolonged uée of tobacco, especie.liy eizor-
ettes, seems to be an important factor in the incduciion of bronchicgenic
carcinom2. .mong 605 men with bronchiosgenic czrcinonz, oth.er than zdenocar-
cinoma, 96.5 percent were moderately hezvy to ch:-.i‘;'n smokers for many years,
compared with 73,7 percent among the gener:zl zele hospital populaticn withéut

cancer,

Schrek et 21,: The correiation between smoking znd cancer is probably not
due to fortuitous or secondary factors., It seems plausible, ;hemfére, to
forrmlate the hypothesis that there is 2 direEt relationship between cigerette
smoking and exnecer of the respiratory tract and thn.t“cigarette 'sz:.old.ng mny be a
carcinogenic agent, This relatively low percentage of dezths by cancer of the

respiratory tract compared to the high percentage of smokers indicates that

smold.ng is, at most, only a weak carcinogenie agent,
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Ochsner, DeCamp and DePakey: There is a distinct parallelism between the
sale of ecigarettes and the incidence of bronchogenie carcinoma.' Because. the
carcincgenic effect of cigarette smoking does not become evident until after
many years of smoking (app:'oxhﬁately 2), it is frightering te speculzte on
the possible number of bronchogenic cancers that may develop as the result of
the tremendous numbers of cigarettes consumed in the two decacdes from 1930

to 1950, If there is a causal relatlonship between cigzrette smoking end
bronchogenic carcinoma the cdeaths per _100,000 population from this cause may

be expected t> increase from 11.3 to 29,4 by 1970.

Levin, Gonldstein and Gerhaxdt: These data support the canciusicn that lung
cancer occurs approximately 65 percent more frequently among males who have
amoked cigarettes for 25 years or more thzn 2mong msles who have smoked cigars -
or pipes for a comparzble period, or non-smokers, The data indicate also that
pipe and cigar smokers have no higher incidence _of“lung czncer than non-smokers. .
The findings suggest, although they do not éstablish,'a ceusal felation between

cigarette 2nd pipe smoking and, respectively, lung 2nd lip concer,

Mills and Porter: . mong cancers of the respiratory tract from the la.i-ym:
downward, an abnormally high percentage of cigarette smoiers, as well as cf
pipe andfor cigar 'user-s, is found, This group of cs=ncer victims exhibits

significantly increased percentages in all forms of smoking,

Doll and Hill: /Among the smokers a relatively high proportion of the patients
with carcinama of the lthg fell in the heavier smoking categorics. Se king is
a factor,_and an impertant factor, in the praducticn of carcinome qf the lung.
The risk of developing carcinoma of the lung incrézscs steadily as the amount
smoked increazses, If the risk among ncnesmokers is taken\as unity and the

resulting ratios in the three a2se groups in which 2 large number of petients

were interviewed (ages 45 - 74) are averaged, the relative risks becone
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6, 19, 26, 49, and 65 when the number of cigarettes smoked a day are, 3, 10,
20, 35, and say 60 - - that is, the mic-points of eacﬁ snoking group. Cig-
arette_s_mk:‘.ng was more closely related to carcinama of the lung than pipé
smoking, ‘No distinct association was founﬁ with inhaling.

It appears.fmm the speculations of Doll and Yill that among the popula-
tion of Greater London over the aée 61‘ 45, those who smok:e 35 or more ciga-
rettes 2 dey, had a chance of developing cancer of the lung which was fifty (50)
times greaster than that 51‘ non-smokers of siriler age., Assuming that these
conclusions are essentially correct, it may then justly be argued thet an
effective control of cigarette amoldng offers the ‘means for a far-reaching
prevention of cancer of the lung and, possibly, the lerynx. The ctatisticzl
data which form the basis of these conclusions are summarized in table .
Brunner found among 127 lung cancer patients 75 percent heavy smokers and.9.5

-

percent non-smokers.

While some of the .not inconsiderable—d;fferenées in the relative percent-
ages af.:smokers of various degrees are doubtlessly due to the u-se of di.ffere.nﬁ
standards in the classification usecl.; this explanation, however, does not hold
for the propbrtion ‘of non-smokers listed by the different investigztors. The
perceniage range for non-smokers is from 1.3 to 1l4.6 percent for th: various
lung cancer groups and from 8,8 to 30.5 percent for the control groups. These
discrepancies suggest the existence of differences in the basic composition of
the human material evaluated, The valjdity of this concéét also is supported -
by the fact that the various investigztors noted rather widely varying pro-
portions of adenocarcinomzs in males and females in their respectiv_e geries,
The histologic type of pulmonary cancer is rredominantly of the epidermoid
va.-ﬁety among mzles, while a considerable proportion of these tmm among
women are of the adenocarcinomatous kind (36.4% in females; 4.5% in males

(Gsell); 52% in females; 18% in males (Proc, First Nat. Cancer Conf,); 13.7%

in females; 6.7% in males (M2son); 52% in females; 0.6% in males (Wynder end
Grzham). It was noted also that a history of heavy smoking was less often
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Table

9.

Statistical Correlations Between Tobacco Smoking and Lung Cancer

‘Degree of Smoking Habit Among Lung Cancer Patients (Males)

Highly Very

Autliors Excessive Heavy Heavy Mcoderate Non-Smokers

Schrek, et al, 18,3 50.0 12,2 14.6 Cigarettes
only,
balance:
pipe &

cigars.

Wy‘nder & Graham 20.3 30.9 35.2 12,4 1.3

Doll & Hill 5.0 21.0 30,3 38.6 5.1

Breslow 15.3 50,7 19.5 345 9.0 o

Gsell 30.0 370 21.0 10.5 2,0

Corzt_ro}s H

Wynder & Graham 7.6 11,5  35.6 30,5 Lk

Doll & Hill 2.1 114 30.5 47.1 8.8

Breslow 3.5 34.8 18.8 11.1 30,5




elicited from patients with édmoc;rc%n;ma than in those with epidemoid
cercinoma (Gsell; Wyndef and Graham), < - ‘

mé'- apparent lack of uniformity in the human materizl ana]:yzéd by the
different authors is further demonstroted by the appreciable differences in
the sex distribution of lung cancers reported at different times, from dif-
ferent regions 2nd by different investigators. The mzle to female sex ratio
fluctuates between 2:1 to 20:1 (Hueper). It is noteworthy, however, thzt the
uniformly observed prevalence of lung cancer among males has,in generzl, becoze
in recent yeéirs even more pronounced than in former decades. This observztion
strongly militates agzinst a predominant czusal role of cigarctte smoking in
the production of lung cancer, because all previous expericnce in the field of
eccupational cancer indicates that given the same type of carcinogenic exposure
for both sexes and at the same time an increasing equalization of the intcnsity
of exposure, there occurs 2 narrowing of the gap in incidence rates of the twpo
sexes and not a widening, which actually exists, This interpretation of the
divergi@,».sex related frequency trends is not fundamentally zffected by the
stataneﬁﬁf;_ﬁat the interval betweén the start ‘of tobacco smokirg and. the
appearance of a lung cancer is between 20 and 40 years (Wynder and Gmham;
Ochsner, LDeCzmp and DeBakey; Schrek, Baker and Ballard). Ever if women moy not
have induiged on a large scele in tobccco smoking soue thirty years 2go, there
can be little doubt that the cigarette smoking habit hzs made during this
period much grezter strides emong women than among men. - |

The purel; statistical épproach lzading to the assumption of the cxistence
of causzl relations between two cvincidentnl cvents znd trends is thus in
urgent need of supporting biologic evidence. It is for this reason that the
negétive statistical correlastion between pulmonary cancer freguency znd ciga=
rette gaoking-recently reported by'D;ng*;l fr&n .‘_[cels.er haé 2dded relctively
little_ to the bzsic issues. Dungzl pointad out that th;:re were 2mong »1939
autopsies p.:rfomeci during 1939 - 1948 with 417 canccrs of all sites only

12 pulmonsry cancers (2.9% instezd of 10 to 20% in the Unitzd States and 123
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in Switzerland), that tobacco, especially of cigarettes was not particulsrly
popular in Iceland until 1939 and that tarring of the roads which had ex-~
tensivelﬁ been done since 1920, had not exerted any influence on lung cahcer

frecuency,

Experimental Tobacco Cancer:

Attempts to procduce cancers with tobaceo tar in exper.i.mmtﬁ snir-ls
began many years before even any relation bet;\'t—een tobaceco smoking ~nd lung
cancer was suspected - that is at a2 time when the claims of a cr_-usai relation- |
ship between czncer and tobacco smoling wes still limited to cancers of the lip,
tongue, mouth, and larynx (Martin, Friedell and Rosentkzl).

2, Sidn Applications of Tobacco Tar:- Kacker and Scl;nincke as well

2s Helwig using tobacco tar extrzcts which they applied to the ears of rabbits
and the skin of mice, respectively, produced only ulcers with spithelial pr35--

liferations, but not cancers. 3imilarly negotive were experiments of Hoffmann,

- Schreus ond Zurhelle who applizd denicoti_niz_’ed tobzceo tar for 80 dsys to the

skin of mice; and by.Cooper, La=b, Sanders and Hirsf. who used the samc tcech-
nique for 23 months and observed a single sikin cancer. ‘Roffo and Chikzmatsu
reportad the production of cancroids in the ears ol a few rabhits a2fter pro- |
longed painting with tobacco tar, These claims were coniirmed by experizents
of Lﬂ-}'\x-hua'but cancers of x‘abbif.s' ears were seen enly when he used simul-
tzneously intravenous cholesterol :jm:jections as well as péihted the other car
with conl tar. Thesge obsemtions-'o'f i.{i-Fu-hua on cholester:i;nizéd and ecoal
tar treated rabbits were successfully repcated by Schlirch and Winterstein who
in turn fzilsd to produce s}d.n. czncers in mice recciving skin appliéation of
tobacco tgr and various tobacco tar "fractions; havirig different boiling points.
Sugiurz subsegquently succeeded in producing & ';olit:-ry squzmous cell

carcinoma in a mouse painted with tobacco tnr distilled at 2 tomperaiure

between 500°-900° C. Tobacco tor distilled betwean 100° - 500° C. proved to
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- be noncrreincgenic for mice when apolied to the skin, . Both distillstes wer:

administered in 2n oily mixture to the e:rs of rats and rabbits for 52 to

95 weeks without tumor formation., Flory repeated the 2pplicntion of tobzcco
tar distillates of different boiling points (130-350°C);350-700CC)cos well as of
mmmtomM of rzbbits nd obtcined in a considercble proportion
of the animsls, pepilloncs and corcinomntoid twmors, but not carcirom-s.
Severcl squamous cell carcinomss were found in mice after the npplic~tion of
these tars,

b, Inhaleztion of TqbaCCo Ter Pﬁmes:-‘ The first atterrts to produce
cancer of the lung in expeiizcnial animals by the innhtlztion of toLacco smore -
were made by Mertens using mice which were exposed in glass jars to tobeoceo
smoke injected into these vesscls, Among the first set of 125 mice, two (2)

develoned "lung concer', but in both instances thuv mest likel7 were of o
“spont.’meous" origin. Vher tkis expement was re}.eated ro luag LULOTS Were
obtzined, Likewise, negat:.ve were similar expsrinments of Lorznz et al, when .
mice J.r-b.aled tobzcco smoke introduced into 2 closed contoiner. The sr.r::ir: A
mice exposed to tobacco fures showed the scme incidenze of spcatancous uns bears
as control znimnls, In Ceompbellts experiments in which =2 sicii»r technicue
of inhnling tobacco smoke wos used, there followed 2 nminor increcse of lung
tumors in th° test series over that of the controls,

A more d:x.rect and dr"st:l.c rmethod for irtroducing tab‘.cco tar into the
lungs of experiment~l 2ninzls wos chcsen by Poffo who injected this mcteri-l
directly into the lungs of rats snd obtained in one (1) rat, four (&) s=ell
squamous cell carcinorrs,

A cntlc._l evaluetion of the tot_l experimentel evidence permits the
conclpsion thot tobacco tar obtained at verious dlstﬂ_lr:tion renges is of very

wea2k if not deubtful carcinogenicity to the skin »f mice and nroduces 2przreatly .

only carcinomatoid tumors in the ears of rabbits, when 2pplied over long periods
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of time, The inhalation of tobacco smoke, releascd into the atmosphere.by -
mice failed to prcduce lung ca.hcers. 'I_'he gnconfimed pesitive clzims of
Roffo have been disregarded in reaching these conciusinns,
¢, Damcnstration of Known Carcinogens in Tobacco Smoke and Tar, |

Anong the known crrcinogenic chemicels which mey occur in tobneco sr:-ﬁ':cc or
tar carcinogenic crometic hydrocarbons‘and arsenicnls have to be considered,
The carcinogenic aromctic hydrocarbors might by formed during the combusiion
of the tobacco while arsenicals might accur in only those todaccce f.ars and
fumes which are generatcd fron tobaces containing crscnical insecticide
residues,

Mlthough Poffo asserted to have demonstratad 3,4-benzprrene in tooacco
tar by spectroscopic methods, this claim has remnined unconfimmed by scveral

-

very relizble investigaters (Schirch ané "nterstcin; Cooper, Lomb, 3onders

and Hurst; i'n1ler),

‘;L'}ii_l_e.the f22lure tc demonsirate 3,4-benzryrene in tobzcco tzr does not
exclude the possible presence of other carcincegeric cnaricals ix t‘r.is'z'-:w.‘v:.eri-.“l,
it névertheless is an observztion which is noteworthy becmusc 3,L4-venzriTensz
seems to be one of the common carcincgenic combustizn rroducts of carbenaceous
m-otter of =any kinds.

In view of these negative firxiings for earcinogenic hydroeurbons in
tobaccs tar soxe invest;lgators recently have favored the concept izt the

2lieged czrcincgenic effect of tobzceo smoke upon the resvirntory tract de-

pends =t lerst in part upon the inhnlation of arsenic nresent in the tobaceo

es an insecticide residue and volatilized during the smoking process (Doll and

;

Goulden, Kennawzy and Umuh—*;-x't). In fact, rother apprecichle azounts of ‘
arsenic can be demonstrated in tobaces cnd in tobaccs smoke, especinlly of the
American variety. Gross =nd Nelson found th:t the arscnic content cf cigearette

tobacco of five {5) hrands ranged from 9.7 to 36.3 T.p.m., that of cigars from
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8.3 to 48.4 p.p.m., and thaf. of pipe tobzcco from 26,0 to 50.0 p.p.m. Thomas
and Collier noted that the range of the arsenic content of cigarette tobaceo
vas from 35.4 to 114 p.p.m., while that ofcigars was 13.2 to 29.5 and that
of pipe tobacco 22,7 to 42,8 p.p.m. The reason for the marked variations in
different samples and various types- of tobacco is undetermined. However,
different climatic conditions and methods of cultivation and processing of
tobacco in various parts of the United States and the differeni use to which
the various types of tobacco are subsequently put in tne production of tobzcco
goods may have.a decided influence in tnis respect.

Ir more recent stucdies of cigarette tobzzco by Daff and :elson, three (3)
American brands gave an arseniocus oxide content rangzing frar 25 ts 47 micro-
grams; two (2) Eaglish brands had one ranging from 50 to 55 microgrezs: eight
(8) Turkish brends had one ranging from O to 4.1 micrograme; oze (1) French
brand r:u;géd from 0.5 to 1.5 microgrcms; and from a Rhodesian brznd, the renge
was 1.8 to 4.1 microerems, Popp found that Pa;latinate tovecco contezined 5.1
p.p.m. Of a-senic; Mzcedon‘an cigarstte tobzseo 0,7; Jeva tobacco 0,33; =nd
Brazilian tobaceo L.6. Oliver reported thot English pipe tobacco contained
32 p.p.m. of arsenic (as metal); cigarettes 68 p.p.um.; Jamaicz cigzsrs, 30 p.p.m.;
and Hzvana cigars, 170 p.p.m.

The obsgmtions_ show that tne _concentmt_ion of arszenic in cigarettes,
cigars and.pipe tobacc§ is ve.Il'y fa.riable deperding upon the brand as well as
upon the couﬁtry of origin., The tobacéo of Armericzn derivation, and snoked
in the U.5.4., Canada, Horway and England has by far the highest arsenic content.
(24 to 106 micrograms As0; per gram of tobacco), while tobaccos grown in the
eastern Eurcpecn countries and Turkey heve, as a rﬁle, 2 lew arsenic content
(0.0 to 4.2 xr:‘.crégr:ms hsy05 per graw of tobacco), This type of tobacco is
used in cigerettes mnde in Austria, Frznce, Poland and Bulgari-z.

In adjudging the degrec of arsenic hg:ard- which mey result fram the smoking

of arsenic contzining tobacco, Daff and Kennaway, Thames end Collier, and Gross
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and Nelson ascertained\ that between 7.0 and 26 percent ‘'of the :rsernic present
in the tobacco is volatilized and may be inhaled during the smoﬁaag process,
Remington, however, placed this portion as‘ high as 50 percent, D-ff znd
Kennawzy expressed the degree of potential hazard by the folloving ezlcula-
tion:= "If 2 persoﬁ smokes 50 cigarettes with a mean arsenic cornternt of 50
micrograms and 15 percent of this escapes, he has Vplatilized 0.375 mg. AsyCa,
which is the armount contained in 0.0375 cc. of Fowler's solution {officizl dose
0.125 to 0.5 cc.)."

In z recent, very illlm:i.nat;'-.ng study of the relation of carcer of the lung
to tobaceo zs grown and smoired in diffcrent countries, Doff, Dcll and Kermawey
have unezrthed irportant observations which strikingly demonstrate the com- -
plexity of the problem and show "that the arsenié content of tobzcco has not
p!_*ovz'.ded zny simple and cxclusive explonntion of ths e.ssocir..tiﬁn between v
cigarette smoiing and this form of cancer." Anslyzing first the dats providad
by Segl&z, Schwrrtz and Yenermen from Istanbul, Turkey, vhere for over five (5)
decades é.c‘;.a_r;cco wes eonsumed almost wholly in the form of cigarettes and wheres
there hzve been many heavy smokers cmong woren, they found th-t there had been
a considerable ris2 in lung cancer frequeney dun';.g the past 50 ye-rs, sccord-
ing to clinica2l and anatomic-pathologic statistics (ircreass in clinical
meterial, 12 times, in pathologic patericl, 4,1 times), FKowever, thc msle:
femz;‘..e rotio ch-:néed from 6:1 during 1935 to 1539 to 8:1 during 1549 - 1950,

though cigzrette sméki::—g .las becn a habit induiged in by-’I\J.r}d.sh wozer. for
many decades, The tobzcco consumption expressed in pounds per head increased
from 1.21 in 1925 to 1.9 in 1949. Since the ﬁobacco consumption stood in 1935
et only 1.55 1bs. per head, and in view of the long lzg period in the develop-
ment of lung cancer, it is most unlikely that the inc;érxse'in lung cancer
frequéncy in Istanbul has any rei:ztion either to tobecco consu:ﬁption or to its

erscnic content., This view is supported by the sex ratio whick is, like in
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many other countries, merkedly and inc_m.asingly in fovor of rpoles, despite the
long established smoking habit among Turkish wemen, Sngizc clso, thercfore,
rcjected cigarette smoking as z factor in the incidence of bronchial carcinome, .
.‘uﬂother illustration of the appnrent lack of sigrificznce of arsenic in o
tobacco in ralation to the czusation of lung cancer and its recent increase |

seems to be provided br the a2utopsr date from Ljubljane, ¥ugosleviz, providad

- by Kosir, During the period 1925 to 1939 lung cancer represented 7 percent of

211 mrles coming to a2utopsy with c.n.ncer. of a1l sites, and 1.5 percent of a1l
females of the s me type, while during 1940 to 1949 these figures stood at
15 percent and 2 percent, reépect.ively. Tooacco is smokzd »rinecipally in -
cigareites of oriental type with 2 low arsenic contesi., The incrense :Lnlung |
cancer frecuency thus wz=s disproportionziely larges for mnlos,

The dat~ provicded to DJzff, Doli and Xemeaway orn Switzerland by v. Meyeaburg
}gave bcen cozplemented by thiose recatly given by Gsell. -

According to Gsell, there haxs taken nce in recant ars = markec incresse
b}

in the consumpiion of cigarsttzs (10-fold betweem 1924 and 1949) but thc m-in
tobzecco product_?éizstmed in Switzerland had rem.inec; the "Stumpen”, ¢ mediure
sized ciger without ~ tip. There were 40 Stumper and cignr smokers and ealy

30 cigorette smokers among Gseil's 87 cases, The ebsolute number of lung concer
cases rosc in mrles from 68 in 1905 - 1909 to 2058 in 1945 - 1949 (20,7 times),
while the corresponding increase in female cancer deat.hs', was from 59 cases in
1905 ~ 1909 to 421 cases in 1945 - 1949 (7.1 times), During the samec period
there occurred & shift of thé mele: female séx ratio from 2:1 in 1905 - 1909

to 4,9:1 ir 1945 - 1949, The lung cancer death rate per million stood in 1931-
at 66 for mzles and at 1k for femeles, while in 1947 it was 183 for meles and

34 for femzles, The arsenic content of tobacco of Swiss.cigarettes—wzs of inter-
mediste order (3.1 to 12.0 micrpirans of AsgDy per gran). Since curing the
eritical period of lung c~ncer increzse for wnich Swiss tobzcco eonsumption
Tirures sre availatle (1924 5 1935) thé main use of tobseeo was irrthe form of
cigsrs, Stumpen and Tosconi, one rmst assume that the mnjority of the lun-g.
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cencers observed during the years 1940 to 1949 cannot _be attributed to thc
smokdng of cigarettes, if smoldng at 21l had any causal connection with their
development, That the existence of such a relation is not likely is 2gzin
attested by thc divergent trends in the sex .distribution of lung cancer, which
according to past experience on thié- point from the fiecld of occupntionsl concer
would display ~ tendency towzrd equalization whenever members of both sexss =re
exposed to the seme environmental carcinogenic agent. Thet this principle nlss
applies to fobacco smok:mg is evident from the ;'ecent statistical studies c.;f

Doll »nd Eill who ascertained that the risk of develcping concer of ih:s lung

L]
Jis the sume in both men and women, apart from the influence of smoking,

The irportance of this argument is strikingly illustrated by the- informa-
tion supplied to Daff, Doll and Kennaw~y by Kreyberg corcerning the lung esncer
incidence in Norway during the past 20 years. Apert _from the fact thzi deaths
from lung cr-:ncer' were higher in urban thon in rurel Qistricts of Norwsy, there |
occurred during the two decades = def;nite rise in pulmonary concer frecusney
from abOL:‘._'T-_ 20 in 1930 to =pproximctely 157_ in-.J'.9L8. The rise wv.é mox;.- r-.rked
in urb:n arezs than in rurzl ones »nd a'ffected nales to 2 highc—r dugree than
ferzles, While thus the Norwegi~nn expsrience followed in this respcet the -

usuzl pattermn, it differed fund=amentally from it in its sex distribution,

During the first six years of the survey period, lung concers wure 2ppzrontly

as frequent in females zs in mnles and t_hene:.fter the risc of the rzies in
females fell somswhat below that of meles. This observatio_h peraits cnly one
interprctztion when anclyzed in the light cf the =dsting facts, that the
epidemiologic behaviour of lung cancer ns to sex distribution was influvenced
in Norway b7 probably environment:l factor;" which were not active at. 21l or
to the same ciegree in the other countries in'\;é;tigafed.- Since the population
of Norwny hzs smoked predominsntly American madc tobocco, this devietion from

the common epidemiologic pattem does not support the view that tobacco smoking
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in Norwoy or in any of the other countries wes = deciding and important fector
in determining lung cancer epidemiology during the past 50 years; |
In the various arguments advanced purportedly favoring the cigarette
smoking role in the causation and rise of lung cancers much is made of the
existing parzllelism between the increzse of lung ozncer frequency z2nd the in-
creased consumption of smoid.ng tobzecc, particulerly cigarettes, during the l-ist

25 to 50 years. In the graphic presentation of these two developrents thé rele-

tive evenis of annual rise of lung cancor rates and of tobncco consumption are
invariab];r- synchranized,' vhile in fact these events have a distinct hetero- -.
chronicity beczuse of the long latent period of lung concer which has been esti-
mated for smckers to range between 20 and 40 years. The lung cancer czases
observed in 1950. for instance, therefore have no czuszl cormection with the
tobzcco consumption of the same year but more likely, if at 211, with that reg
corded for 1920 to'1935. It is évident from this considerztion that the so-
called "parzllelism" as presented by synchronized graph lines gives 2 definitely
distor;.-edo;éicpression of any possible hypothetil_cel relation between lung concer
and tobaceonism (fiza. 4 ard 5).

Distinetly di: '-m'mrt:u‘g in this respect is zlso the obvious diszgrecment
of different inveztigaters as to the relative mle wiich cigarette smoking, on
the one hand, and the smoking of pipe tobacco and cig-:.rs, on the othaer hand,
allezedly 1=y in .t-ho auzation ani rise of 1wy can-er, '-.’."le Levin et al,
sonsended that only cige.re‘:.t.e gaokng but not pipe an? cigar smukiﬁg reveals
a positive statisticsl correlation, Mills et 2l. emphnsized th-t 211 three
forms of smolcing are equally guilty, while ¥Wynder and Grehar; Gesell; and to
scme degrec a*so, Doll and Hill, assess the mdlvz.dwﬂ. smok‘.ng khabit by in-
cluding. all types of smoldng, While Do].l and Hill conte.."@l"ted tre possibility
that pipe smoking may be less lung cancer inducive th_n cigerette soking

because in their opinion pipe smokers smoke less tobacco than cigarette smokers,

.

.




7

Fig.L.
Comparative Trends in Respiratery Cancer
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it may be well to consider the fact that many cig-rette smokers-diacand their
cigarettes after a few puffs end that, t.he}efore, the assessment of the degree
ef cigerette amoking may more easily become exaggerated, while that of the |
pipe ard cigar smoker may become underestimated, Gage indeed statcd that one
study strongly indicated that the avei-age cigarette smoker consumes less tobaeceo
per day or year thanm n ciger smoker or chewer.

Of undoubted importance seems to be another statement of Doll and Hill in
which they note that inhnling of cigarette smoke did not convey any increased-
lung cancer lisbility, This is an observation which cannot be reconciled with
facts established for detemmining occupational cancer incidence. Vhenever the
intensity and duration of exposure to an occupation~l careinogen increases,
there rises the cancer incidénce rate armong the exposed populzation group., -—-
There is no plausible reason to assume that the inhalation of allegedly car-
cinoge__rii.c tobact:.o smoke would bé exerpted from this rule, The complete lack
of eva;hg;nor increase of laryngeanl cancer ciuring the past five decades,
although the larynx forms a part of the smoke tract, also militates z2g-inst
the tobacco smoking theory of lung cancer,

It may be concluded that the eadsting evidence neither proves nor strongly
indicates that tobacco smoking and e:_apecia].ly cigorette smoking, represent a-
major or even predominating causel factor in the productidsn of cencers of. the
respirato;y tract and are the main reascn for the_ thenomenal increase of pul-
monary tumors during recent decades, If excessive smoking actua.‘.lly pl~ys a
role in the production of lung cancer, it seems to be a mincr one if judged
from the ;vide':_ice on hand, However, it may be well to remember in this con-
nection, the concluding statement of Doll and Kema;ay; that "the study of the
relation between the nztional eansumption of tobacco and the national ineidence

of cancer of the lung has scarcely begun,”
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" 8§, Cencer of the Lung znd Its Relatjon to Specific Agents.

It should be apparent from the preceding discussion that evidence related
to large population groups with exposures -'to diverse envirormentzl agents with
32inly unkmown carcinogenic propcrties gives at best information of only
circumstantial volue, which may sefve as a lead for more specific znd detajled
'subséquent survey studies.' The establisnment of fimm causal connections be-
tween envimnmeutai influences and the develeopment of cancers of the respirs-
tory system therefore, depends upon tﬁe- demonstration of definite ond signifi-
cant statistical and caussl relations bstween exposures to specific envirommental
or occupation~l agents and/or working conditions and the subsequent zppearance
of cancers of the respiratory system. It is for this reason that at present

the only conclusive evidence on the causal relationship between exogenous

- factors ~md cancer of the lung is of occupationzl origin, In fzct, the great

-majoﬁty of the occupationnl cancers discovered during _f.he present century .
?_ffeci': __j,_he lung and/or other pai'ts of the resbi:atory tract (naszl cavity,
paranasﬁ sinuses, larynx), While exposure to the so far known rcspiratory
carcinogens occurred ir all instances by inhal~tion, the successful production
of lung turors in experimental anmals receiving various carcinogenic chemicals
(urethane derivatives, acetylahiﬁoﬂuome, etc.) thzﬁugh other routes suggests
that respiratory carcinogenesis may not be limited 2lso in man to contact with
environment2l carcinogens by inhnlation, - '

The respiratory caminogens 8o far recognized differ greatly in their
chemiczl and physiczl properties as well as in the physicochemical status in
uh:.ch thgy come in contact with the respiratory tissue, Some are chemical
agents such: 28 various metals or metal compourds (arsenic, chromium, nickel)

or minerals (asbestos) or =sliphatic organic (isopropyl 0il) or aromtic organic

compounds (chemical carcinogens in coal tar, pitch, soot, petroleum derivatives),

Others exert a carcinogenic,effect through physical forces (ionizing radiation),
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such as the various radioactive chemicals, They entef the respiratory tract
in the _fom of dust, fﬁmes, mists, vapors and g:-‘ses. Depending upon the h
particle --size of the dispersed carcinogenié matericl they mny benetrr'.t.e into
different parts of the respiratory tract. If the particles are rnther lorge,
they produce mainly cancers in the.upp_er parts (naszl cavity, larynx). They
mey enter, on the other hand, the deeper port.io_ns, such s the bronchi and
lung or paranassl sinuses, if they are of very smrll particle size o.r toke the
form of vepors or gases. '
| Thé depth of penetration of atmospheric contaminants into the respimtoryﬂ
tract depends moreover on the intensity of exposure ~nd on a possible destruc-
tive action of the eiliated epithelial lining and its mucus producing glands
of the upper respixﬁtqry tract (nose 2nd trachez)., Whenever under the in- 4
fluence of an overwhelming or eaﬁceaéively prolonged exposure to pollutants 3“3;
the air the limit.of the protective saturation of the nasz‘i and trachezl muco'sa
is re;ch.e_d, dispersed particles will penetrafe therezfter in inc-reased amounts |
into t—ixre;'deﬂeper portions of the respiratory conduits, l.

ﬁe relative degree of carcinogenic property of the various respiratory |
ca_rcinogens depend not only upon their intrinsic carcinogenic potency, but
also on the degree of dispersion, their solubility in water' and fats, and their
direct cytotoxdic qualities, 211 of which influence the actioﬁ of a particular
carcinogen by contralling its penetraf.ion into cellular eléﬁents and its time
of retention and pos:sible permanent deposition in the lung tissues. | Since

under occupetional conditions, exposure to respiratory carcinogens is not in-

"frequently compliczted by contact with various noncarcinogenic types of dust,

solvent vapers, acid fumes and alkzli and o:i.lj mists, the primary =nd direct.
action of the carcinogens' may be modified by an interacticn with these con-

comitant agents or with the anatomic reactions set up by these agents in the

lung,
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Recent studies of Falk and Steiner and of von Hacm, Titus, Shinowars and
Caplan, have shown that carcinogepic hydrocarbons (3,4-benzpyrene, pyrene,
20-nethylcholanthrene) ,. when adsorbed to the. surface of éarbon particles, such
2s those farming the bulk of various eerbon blacks (commercial soots), are
released only with diffucinlty by elution with solvents snd show within a given
time' limit 2 lowered carecinogenic potencf when pgsted in their adsorbed form
on mice, It mcy be assumed that similor eonditions prevail when carcinogenic
hydrocarbons are adsorbed to the carbon particles of ordinary scot or to
particles of silice present in road dust or released as waste catalyst from
catalytic cracking towers of oil refineries, Counterbalancing this slowed
release, however, is the longer retention of the cercinogenic hydrocarbons when
introduced into the lung tissues on the surfaces of chemically rather inert,
noncarcinogenic particles. | -

Similar modified conditions of exposure are"apt-to prevail if radicactive
gases adsorbed to the surfaces of noncamirrogénic mine dust entgf the lung,
and are bound to stay in this adsorbed form over a longer pericd in the lung
and, thereby, exert a more pronounced carcinogenic effect upon the lung tissues
than when entering these orgens as free radioactive gases (radon, thoron).
While a few of the respiratory carcinogens cause the develomment of pulmonary
fibrosis and pneumoconiosis (radioactive dust and gaées, ‘asbestos, chromium
compounds, beryllium, soot and tar fumes), such effects do fnot accompany the
carcinogenic action of others (nickel, arsenic, isopropyl oil, petroleum
products), _

Consider=tion also must be given to the pciasibﬂ.ity that the simultaneous
action of pulmonary fibrosis produéing dusts or chaniﬁcal vapors, gaséa and
fumes associated with, preceding or following the action of specific respira-
tory carcinogens might interfere with the removzl from the lungs of inhaled

carcinogenic material due to the obliterations of lymphatics and blood vessels
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and the formntion of fibrous barriers. Such anctomical campl:.canons present.
in the lung Qain would most likely tend to. pmlong the action of inhcled
carcinogenic 2gents, and thereby irtensify their specific cffcect on the lung
tissues, On the other hand, there exists adequate evidence for the view thot
established pulmonary fibrosis would hindef to some extent for similcr reasons
the spread cf a cancersus growth within the lung 2s well as to other tissues.
- Fibrogenic me\nnoconiosis. thus may exert a definitz effect ~n the productive
and developmental phases >f pulmonsry céncer, as well 2s n its subsequent |
praliferative phase, )

Consider=tion rmust further be given to the eoncept thot carcinogenesis by
specific agents may be accelerated.by the simultanecus action of nonspecific.
chronic inflammatory processes, Some investigetors have propcsed that bronciial -
cancers originate in scars or mucosal pigment perforations prcduced by the T
depcsitisn of inhaled dust (Schmorl). | _

Finally, pneumoconiotic and fibrotic lesions zre clinically mport.ant from |
a differentizl-diagnostic viewpoint, eince some of these changes may resemble
neoplastic lesions in their symptomatclogy or they may obscure the presence of
such conditicns, From the generzl evidence available on lung cancer it appears,

however, that the greet majnrity of these neoplasms are n=t 2ssocicted with

pneumcomotic conditions,

Probst pointed out that pneumoconiosis usuzlly is absent in lung cancer,
Baver stzted thot the inhaletion of stone dust as such certainly does not
elicit the developner;t of a pulmonary cancer since there .adst many i.ndustrj.al
operations with definite pneumsconiotic hazerds without an increased liability
tc; lung cancer, In the report of .-the British Empire Cancer Campa:.g,n of 1952
the statement appears that pneumoconiosis was presézit in only one (0.1%) of
325 cases of pulmonary cancer. Olson reported that in a series of 69 cases

seen in Boston, pneumoconiosis was present in only 2,9 percent. However, such
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observations obviously disregard the rather frequent occurrence of anthracotic
and bituminotic pmeumoconiotic deposits in the lungs of persons living in -
industrialized regions. There exists, mcreover, the possibility that benign
pneunoconiotic conditions elicited by dust of black metallic compounds such
as iren axide or chremite may be n'z:—l.s‘l".aken' at sutopsy for anthracosis. The
differentirtion between éarbon pigments amd those of metallic nature requires
the use of spodograms or ashed sections. This-procedure, however, is not
routinely applied, |

" A. Relation of Inhalation of Metsl Dusts snd Fumes and of Metsl

Pneumoconiosis to Respirntory Canccr.

« 'The chronic dust disease cf the ltmg' (pneumoconiosis) caused by the occupa-
tional inhalation of dusts znd fumes of metz2l, metal compounds and metol 21loys -
only exceptionzlly assumes a progressive, fibrogenic character (bery]lium):”:_ |
As 2 rule, métal pneunoconioses are of the so-éalled benign type; i.e., they .
cause- ncn=cisabling reactions sorﬁetimes asso_ciated ﬁth minor fibrecsis around
dust .paFticles (sﬁbpleuml , peribronchirl and perimsdular tissues). Such
"benign" lesions when severe may tﬂ.tinmtelyl lezé tc = narrowing of the lumens
af bronchi and blood vess:zls a.nd; theréby, in the long run interfere with the
proper blood eirculztion in 'the lung causing an cmbarrzssment of the right
cardiac function, Mzssive accumulations of so=called inert dusts, mereover,
may cause tissue neéméis and the_ formztion of cavities. The pulmohary re-
actions occurring after inhzlation of dusts, fumes or vapors of some metals

are mainly of inflammatory =nd possihly =2llergic nzture (met2l fume fever)
(manganese, cadmium, ginc, selenium, copper, brass). Beth acute inflammatory
and chromic fibrosing reactions m~y be observed with.gt.hers (beryllium), The -
metals and metal compounds which deserve consideration in this respect are
aluminum, megnesium, beryllium, czdmium, calcium, ét;bper and copper 2llcys,

vanadium, chromium, manganese, nickel, ginc, tin, eantimony, mercury, molybdenum,
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-lead, iron, tellurium, tungsten, titznium, barium, selenium, thallius,
arsenic and silver (Greenburg; Homlin; S'ilson;' Elkins), '

Inhalation exposure to t.hese mc\etals may be rclated to various occupational
activities (mining, smelting, casting, polishing, grinding, drilling, powder-
ing, bargging, elloy making and prbéessing, metalizing, electroplating, solder-
ing, weldins, metal catalyst production ané use, pigment procuction and éon—
sumption (paints, inks, glazes, flass coloring, textile, pzper, rubber, plastic
and linoleur dyes), sprcying, .chemical_anc‘. metallurgical processing, etc.).

The number of workers who are sxposed to the various metzllic dusts Ie.nd
fumes in American industries is considerable, Hlocmfield, Trasko, Sayers,
Page and Peyton produced the faollowing estimz-.te.s (1940) bascd on the survey cf
all industries of 10 states and a total of 1,503,204 workers exposed: Lead:

76,743 workers; antimony: 9,735 workers; chromium: 7,976; arsenic: 3,356;

mercury: 3,220; cadmijum: 3,031; mang=nese: 2,287; other metals: 220,929; total: .

327,277-(22% cf worker populaticn surveyed), From additional estimstes mede

-—

by these investigators it can be assumed that approximately the smme percentege .

of industri=lly employecd workers in the rest of the United States hzs some form
of occupationel metal dust exposure. | |

The epideminlogic infcrmation on hand indicates that respiratory cancer
hezards definitely exdst f§r only a few of the metal dust and fime exposures,
that they zre potentially presant or controversizl for others anl that for
most of then they do not exdst, For many, adequaté epicdemiclogic information
is not avzilable. Some metals, however, have procuced cancers in organs other
than the respiratory ones (liver, bone) of experimental animals, Very defcctive
is the informaticn as t-» the existence or nonexistence of occupationel lung
cancer hazards for the varicus metals, netal cbmpcmds, types of exposures and
incustrizl operztions in which metals with established respiratory cancer

hazards are used and produced,
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8. Aluminum,

With encrmous growth of the aluminum industry, exposure to aluminum dust
hes becoxe rather widespread duﬁng recent decades for various types of in- |
dustrial workers. During the past decades, it has been propcsed a2nd used on
a limited basis as an alleged preventive and thérapeutic of silicosis (Brown
and van Vinkle; Berry; Jephcott and Johnston).

thile merienn investigators are, in general, rather skepticzl 2s to the
actual existence of an 2luminosis (Crombie, Hlzisdell and McPherson; Hunter,
Millon, Perry and Thompson; Folicard; Ehrismenn; Ecitorial, Lancet), European
investigators have described roentgenslogic and pathologic changes of diffuse
MAam fibrosis occurring in workers occupationally exposed to the inhala-
tion of aluminun dust (propeller grinders, reduction furnace workers, e.'l.min&n

powder workers, sluminum 21loy manufacturers (Goralewski; Goralewski znd Jaeger; -

_Koelsch; Jzeger and Jaeger; ¥odder ~nd Schmitt; Schwallnus ond Kleinsorg; Feil;

Perry; Filipo;' Gerstel; Doesc; Kahlau). Th; ;-ééent observations of lWyatt and
Riddell 3m.the diffuse pulmonary fibrosis occurrings in bawdite wa-rkers (Shaver |
and Biddeﬁ ; Shaver), tentatively places the bicme on the inhnolnticn of
amorphous 2lumins dust or fumes generated during the jro.uction of 2luminz
abrésives. It thus may be concluded that n massive ~nd prclonged inholetion

of bauxite »nd possibly also of aluminum oxide dust or fumes may procuce

fibrotic pulaonary changes (~luninosis). i
As to zn alleged. coreinogenic action of ingested aluminum, first proposed
by Odier, it ezn be statad that such claims have not been e nfimel by subse-
quent investi -._ators' (Doese; Bordas; Marie-Amero; Ichok; 'Bertr?.pd zncd Serbescue:
Humenthal; Editoricl, J.h.M.A.). Thié'neg;t;ya evidence does not favor the
concept of a carcinogenic action of inh:ied aluminum dust on thf—: lung tissue,
2lthough = f£in2l decision of this question must awnit the resuit of comrre-
hensive and competent epidemiologic surveys of exposed worker groups for the

ineidence of respiratory ecancers,
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gives rise to disse:nin?ted-foci of peribronchitis and interstitial pneumonia
(Teleky). Causal relat:ioxis to pulmonary-cancer from occupationil expcsures
to lime dust are unknown, |

f. Cobzlt,

Exposure to cobalt dust especiélly by cobalt ore miners has figured’-for
neny years 2s an alleged czuse of cancer of the lung among the Schneeberg
riners (Carozzi; Schinz). The increasing use of cobalt in alloys of steel,
as a catalyst in the Fischer-Tropsch process of oil production from cozl and

in the manufacture of icm free magnets and carbide tcols and dies h2s brought

a consider-ble number of workers in contact with cobalt dust (Fzirh2ll, Keenan

and Brintan), Grenular or conglomerate markings were found in the lungs of
such workers upon radiologic examinotion {Fairhall, Castterg, Carozzi and

Brinton), /lthough Schinz reported the development of 2 spindle ccll sarcome

-—

of the fezur in a rabbit _which received an intrazosseous immlantation of -
powdered ezbalt mcre then three (3) years previcusly, the survey conducted in
1925 byz special committee of the Labour Office of the League of Mations

emong workers employed in cobalt mines in sther parts of the world (Cenada:

Cobzlt City; Congo: Katange; Norwey: Skuterud; France: Allemont; Czechoslovekiac:
Dobschina) failed to show any excessive iiabiJ:‘.ty of ccbalt miners to lung
cancer, German investigators, moreover, noted that the hizh lung cancer fre-
quency in Schneeberg was liﬁited to miners smd wes 2bsent arong the orkers
employed in the cobalt pigment factory? It mry be mentioned, moreover, that
the chemiezl mmolysis of the lung of a Schneeberg miner who died with lung

cancer di¢ not reveal any cobalt (Beyrcuther). The evidence on hand supports

‘ the view that a carcinogenic action of cobzlt upon the lung tissues has not

been established and that cleims to that effect are.nct supported by valid

evidence,.
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g Titanium,

Since the extensive use of titonium and its compoﬁxds_in paints, stecl
alloys, cemented carbides, screening smoke ‘and in protective ointments agé.inst '
flash burns is of rather recent date, rel'atively little information is availe
able as to the existence and type of p'ulmonary effects produced by the inhale

_ ation of dust of metallic titaniuﬁ end its compounds, mainly titanium oxide,
Carozzi thourht titanium oxide to be nontoxic _pfzcmzse af its chemical inertia,.
Hina did not observe any pulmonary reactions amcng workers eﬁcposed to
titanium oxicde dust, However, guinea pigs exposed ts this chemicnl showed
after two (2) months an increase of connective tissu~ of t}{c lung. and abtmdani
exudate in thc large and medium sized bronchi, Similar observations were mode
by Lenz (1936) in guinea pigs exposed to the inhelation of clouds of pure
titanium axide, according to Teleky. It seems that under the circumstances,

long range epidemiologic studies are imdicated for determining whether or not

the inhalation of titanium and its compounds may be essociated with—an-f lmg
cancq__@zard. _ - '
h. Antimony. _ |
intimony and its comf)éunds arc used in considerable quantities in alloys
v (lead), type metal, bullct cores, pigmenﬁs in rubber, enamels, paints and

textile dyes, bronzing powders and medieinal agents, ..n appreciable porticn
of the workers using antimony Iand its -iarijus compocunés are exposed to antimom
dust and fumes (type setters, metallurgicel workers, mbbAe:r workers).. Irri-
tative symptoms of the upper respiratory traot including perforation of the
nasnl septum have been reported to oecur among these workers (Feil; »Shirley;
Schwartz and Tulipan). Fairhall and Hyslop stated that antimony metal dust
appears to be much more toxic than the dust of other insoluble antimony com-
pounds of industrial importance,. Tﬁey noted, moreover, in connection with /

industrial exposure tc the various antimony dusts, that finely divided antimony
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dust can remain suspended in the air longer than would be anticipated with
2 heavy metnl,

None of the few existing studies of antimony dust hazards in industry |
apparently paid any attention to the possiﬁility of a lung canccr hazard for
workers exbosed to these chémicals.' |

i; Beryllium,

Beryllium is a metal which has found sign.‘l.tf;lcant industrial use only since
about 1920, It was not until about 1940 that beryllium and its compounds were
extensively employed for numerous purposes and products (berylliumw-copper, |
beryllitm-altmimﬁn and beryllium-nickel alloys, glass, phosphors in fluorescé;xi
lamps and neon tubes, atomic energy products, ceramics, refractories, x-ray
tube w:l.ndows, vitreous enamel; radio tubes, textile fibres, gas mantles)

(Galman; Gardner; Vorwald; Brealin; Hardy; Hyslop, Palmers, Alford, Monaco znd

»—

Fairhall), It is evidently for this reason that untoward effects in persons

exposed. to the inhalation of dusts and fumes of beryllium and its various
campours’ ( beryllium sulphate, beryllium chloride, berylliun} oxide, beryllium -
fluoride, beryllium carbonate; beryllium mangznese silisate, beryllium oxy-
fluoride, beryllium ailicrte, beryllium hydrédde, zine manganese beryllium
silicate) have been recognized only during the last decade, Theée manifesta-
tions were of both acute and chronic neture as far as the respiratory organs
were concerned (acute _bery]limn pneumonitis, chronie pneumnconiotic granulo-
matosis (berylliosis), Some investigstors used the term a"arcoic‘. in describing -
the histoloricelly pesculiar, pulmonary mani_festatibns (Gercéner; Hardy, Vérwa.}d;
Eisenbud, Wanta, Dustan, Steadmen, Harris and Vblf; Eisenbwd, Berghgut and
Steacman;-Corcoran; Sterner snd Eisenbud; Machle, Beyer anc Tedbroek; Laskin,
Turner and Stoclclr;ger; Johnstone, '-Bmoe, Lovejoy, Brothers end Veléquez;

Higpgins; Vigliani; Wilson; Van Ordstrand, Hughes, DéNardi and Carmoqy;. Aub and °
Grier; Shilen, Mellor, Koppenhaver, Cleland, Gallowzy and Lutz; Hasterlik;

Jetter; Ginabat; Van Ordstrand, DeNardi and Schreider; Sander; Kline, Inkley
and Tritchard; Fenn; Silson, Benjamin and Wilson; Williams; :
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Martland, Brodidn and Martland; iﬁlson; Machle; Dutra; Morgis end Forbes;
Reynolds; Hardy, Bertter and Jaffin; Cass; Pomeranz and Brocdkin; Klemperer;
Pascueci; Pyre and Ostway),

Hardy noted as a conservative estimate there occurred up to September 19451
betweén 300 ~ 400 cases of acute beryllium poisoning amd at least 200 cascs of
the chronic variety in the Ihxited States which resulted in the fluorescent-
lamp industry in a mortality of about 25 percent among the ill workers, It
is remn~rkable, moreover, that chronic berylliosis has appeared not only among
exposed workers, but also emong persons living in the neighborhood of fluores-.
cent lamp factories and inhaling their beryllium contzining effluents (Eisenbud,
Berghout and Steadmnn; Eisenbud, Wantz, Dustan, Steadmen, Harris and Wolf),
Similar observations on occupational berylliosis were reported from Germany,
Italy, England, Russia and Canada (Hardy; Gerrie, Kennedy and Richerdson; -
Kennedy). Not inffequently similar granulomatous lesions have been observed
in other part.s of the body after the usually traumatic intmductn.on of beryllium
dust, especlally of beryllium phosphors from broken fluwrescent tubes. The
skin of the fingers and hands was the most fregquent extrapulmonary locntion cof
these reactions (Nash, Grier and Preiman; Helwig; Davis ond Grimes; Curtis;
Large and Stumpe; Gerrie, Kemedy and Richardson; Dutre; Silvermen and Erickson;
Stokes, Beermon and Ingraham). Beryllium gronulomas have 2lso been found in
the nose (Kazanjian and Joseph) and in the anterior oculer -structure (Rizzuti),

It is notoworthy that beryllium apparently oﬁce inhaled is retained over .
a long period of time in the human body, since beryllium was detected in the
urine up to 10 years after cessation of exposure (Klemperer, Mortin and Van
Riper) and ‘has been demonstrated in the lungs ‘of rats ome year after the in-
halation of beryllium oxide (Dutra, Largent, Cholak, “Hubbard and Roth) as well
as in their bones (Stokinger, Steadman and Root; Barnes) where it may replace
caleium, The skeleton retains the bulk of the beryllium in thi body (50-80%)
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if the inhaled aerosols are laoluble compounds, such as beryllium sulfate and
beryllium fluoride; the lungs retein the bulk of beryllium if the compounds
are insoluble, such as beryllium axide, . Experiments of .'Jdridgé, Barnes and
Denz, moreover, have shown that beryllium ions resct rapidly with certain
tissue proteins and form complexes ﬂf.h plasma proteins when introduced into
the blood, These complexes protect the beryllium from being precipitated by
phospl_zate ions, .

The metabolic peculiai’ities of beryllium compounds obtzin special impor-
tance in view o.f the fact that Gardner :Ln 1946 reported thcl production of
osteogenic sarcomas in robbits injected intravenously with insoluble beryllium
containing powders (beryllium phosphate, zinc beryllium silicate), Other
investigators subsequently confirmed these results with the seme znd other
beryllium compounds (Beryllim axide, beryllium silicate; metallie beryll‘imz__
introduced into rabbits by the intravenous or respiratory routes (3isscns;
Barnes, Denz and Sissons; Hoegland, Grier and }-l;)od, Nash; Hoagland and Hood;

Dutrz, Lirgent end Roth; Barnes), The preparatory period for the sarcomas wes

from 11 - 24 months, Commenting on the successful produqtion of osteo;enic
sarcomas in rabbits after inhalation of beryllium oxide, Dutra, Lerrent and
Roth noted the fact also that the bones of persons dying with berylllosis
contained not inconsiderable cmounts of beryllium, -They came to the fcllowing
conclusions: "Dl_u_'ing thc last 20 years, considerable numbers of persons have
been exposed t(-) dusts- of pdorly'solublé campounds of beryllium in various in-
dustries throughout the United States, Despi:te the fact that cases of cancer
of this type have_ not been reported, it is possible that the inhalation of poorly
aoipble caapounds of beryllium may eventuate in osteb;:;enic sarcoma in man,
Presinnably, th'e incubation period c;f such tumors woulld- be eonsiderably longer in
man than in rebbits, and observations may be required ow.rer 2 period of yeers

before it will be known whether persons who have been expnsed to beryllium - v. |
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are prone to hesve such tumors," Barnard also suggested that osteozenic sarsoma
from compounds of beryilium “might possibly be another industrisl hezard," So
. far,only rabbits have responded with the development of ostcogenic sarcomas
following the administration of beryllium compounds, The cdirect introduction |
of powderad beryllium metal into the femor#l cavity of rets, into their pleursl
cavity and into the paranasal sinuses failed to elicit 2 sinsle neoplastic res
sponse at the site ~f injection in any one of the 85 ~nimals used within an -
observation ncriod of tuwn (2) yeors (Hueper), |
When in 1948 Hueper proposed that thc sarcoid pulmonary manifestations of

berylliosis might be follcwed by outright malignant lesions in the lungs, this

N ’-\_

sugeestion was received with a zreat deal of sce'pticism. The recently rcporf.ed

successful productiocn of bronchogenic earcinomzs in the lungs of rats which

inh2led over periods of morc then one year, dust of soluble and inscluble

berylliur compounds (Vorwald), howsver, makes the appearance of such dt_:layed
malignunt sequelze in man a distinct pessibility, |
In view of the established occupotion2l as well 2s general enviromnental
occurrence of humen berylliosis, it may be pointed out thet the disccvery and
. identification of this pneumoconiossis wes definitely facilitated by the dis-
tinctive an? definitive histologic features of the 'isezse, If thcse manifesta-
tions shoull be followc.d By the 'dcve-lopment of cancers of the bones end lungs,
:.he establishment of czusal relatiscns betwean a2 previous exposure to beryllium .
| and the subsequently apbearing eancerous reaction would appear to be a rather
- easy propositiﬁn. The studies on the toxicity and ecarcinogenicity of beryllium
eompounds incicate that the toxic énd cancerous x;xa.nifestations arec to be eon-
sidered as responses to the action of beryllium itsalf and not &s the result of
| ‘t;he associztei anions of its acidic salts.{S€okinrer, Sprague, Hzll et al.),
In considering possible future carcinomaztous develcpments in persons with

previous exposure to beryllium, some considerction also may bec given to the
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toxie effect exerted by berylliim on the liver leading to the developmont of
cirrhosis and to an impaiment of the metabolic and deto:d.catim; function of
this organ (4ldridge, Barnes anc Denz; Hoagland, Grier anc Hood),
ko Selenium

Seleniun and its compounds have inereasingly ql;eon employed by industry
during the past two (2)- to three (3) decades for varisus purposes (plase
decolorizer, produetion of ruby glass, glazes, peints, pigments, inks, coloring
of plastics, steel and copper alloys, rubber accelerztors and anticxidants,
photoelectric apparatus, fireproofing of elcctric cables, insecticide chemicals).
(Buehan; Manville), Workers engzged in primary and sceondary industries
handling selenium contdining ores (copper, lead, zinc, pyritcs, lime and cement)
and selenium produets moy become coposed %o the inhalaticn of dust and fimes
eontaining mctallic selenium, selenium oxide and hytirogen selenide {Smith, M.I,;
Dudley and filler; Dudley; Buchax;; Maxon end Rhian),

There may occur an environmental expcsiue to 'sel enium containing dust in
those parts of the United States in whieb selenium fumes arv released frenm
metal ores smelters (Muntans, Celifornia, Tennessce) (Byers) or where a
geliniferous soil exdsts (Wyoming; South Dakota) (Smith, Fronks and Westfall),
In addition to taxic manifestations in other organs, e_s;wci_aliy the liver
(Lilli€ and Smith; C.amemn; Smith, Stchlman and Lillie; Fitzhugh, Nclson end
Bliss) -and nervous syster, the inhalaticn of selonium causes recpiratory irri-
tation, with cough, sore throat, and pulmonary e«leme (Greenburg; Motlcey, Ellis
and Ell1is), o

There is no reeorded evir.‘.cl"._c-?; ::L-'zdicating that industrial and enviroﬁmc-x;tél
chronic sclenosis produces an ';-‘L;n-;;eased.liabﬂity té lun; eancer in man znd |
enimals, although a prolongad orei; a’ministration of selenium to rets resulted
in the development of liver adenom3 and carcinomas (Nclson, iitzhugh and

Calvery) as well as thyroid adenomas (Scifter, Ehrlich, Hudyme and Mueller),
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.manganese workers,
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1. Mangonese
Manganese is used ehiefly in the stcsel industry, but »lso in the chemical,
ceramic, glass, dye and varnish industries and in electrotcchnics, Cases of

poisoxiinrz may occur whenever manganese is handled and particularly when monga-

ncse dust is i:roduced. Monganese .enters the organism mzinly throush the respira=

. tory passages, While the sjmptoms of chronic mengrnism ax"e_ caused by changcs

in the central nervous system, pneuronia is a rather frequent reaction among

mengnnese workers and has a high mortslity rate (Girtner; Bacder; Voss;' Joetten

- and Reploh; Kzhlstorf; Gundel and Heine; Joettsn, Reploh and Hegemann; Zanetti;

Blttner; Elstad; Blittner and Lenz; Davies; Ehrismenn; Vigliani; Peirhall and
Neal), Large 2nd numerous deposits of mrngrnese orc dust were found in the
lunzs (Schopper; Bauer; Boemke) of manganese workers,

Therc do not seem to exist any data on the lung cancer incidcnco aiong

n, Copper

The industrizl use of copper, colppcr compounds and eopper 2lloys (brass,
bronze, ete,) has been very cxtensive for mz'.njr years and a great nunber cof
workcrs, therefore, are exponsed to the inhalation of copper dust and fumes
(mines, smelters, foundrics, bronze powder operations, parasite rcpellent appli-
czsticns on hulls »f ships, fungicide and insecticides production and u;e, plating
opere.f.ions , paint production and use, ink manufacture, etc.). |

While inhaled copper dust and fumes moy elicit irritative syrptoms of the
respiratory tract, cuprosis is infrequently mentioned as a cause of benign
pneumoconiosis (Qﬁery; Schiotz). Ulcerations of nasal membranes ond perforation
of the nasel septem have excepti'.on'zlly bcér} obscrved among workers of copper
plating operations (Barsky). ‘ 3‘1 is notewofmy, however, that copper and brass
workers have an hiphly excessive mortality from pulmonary “tuberculosis®

(Hoyhurst), Since occup:-.tional'cahcers of the lung as well as crvptogenetic
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cangers of thie org=n not infrequently have masqueraded in the past ns
tubereulosis of the lung, a thorough and competent clinical and epidomiologie
investigation of copper, brasé and bronze workers .of all types 1is urgently_
needed for determining lung cancer morbidity and mortality amon; members of
fhia oceupational group. The recent study of Snegireff and Lombard on thc
cancer incidence among copper smeltur workers is too inadequate and methodologi-
cally defective to be of any real value,

n, Tin

Tin is extensively used in alloys, bronze, brass, fcil, plate and solder,
While tin ores are not mined in the United States, there exist one (1) tin
smelter (Texas) and seversl tin oxide recovery plants,

The inhalation nf dust and fumes of tin and tin oxdde, especiclly by
furnace tenders, may glve rise to the development of a pneumoconiosis (stannosis)
which roentgenologically resembles in appearance ailicosis and beritosis
(Pendergrass and Pryde; Cutter, Paller, Stocklen and Vilson), although anatom-
icali.\y there is an absence of fibrosis (Bartak and Tomecke; Dundon and Hughes),
The lungs show 2 fine netﬁork of black lines, which on histolo;ic «xzmination
is represcnted by particulate dark brown and blaock pirment loceted in inter-
alveolar septa and peribronchical and perivascular t:l.ssue_. . ;

There 1s no :Lnf_omation as to the incidence of lung cancer among tin
workers. None of the so far reported eases of stanncsis had such ~ neoplasia,
although oné died from cancer of the prostate.

6. Lead ' - |

Lead 18 used é.s » metal as well as in the form of various compounds for
various industrial purpoﬁgs (pigmez:ﬁ in patdes, inks,‘g].azaa, and anamefé, in
the manufacture of storape bafte;*.sé , antiknock agents (tetrmethyl lead), insec~
ticides, glass, coble ocoverings, -armmunition, sheet lead, pipes, etc.). During

the mining and.melting of lead _ores' and during the menufaeture, processing and
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use of the various products workers become exposcd to the inhzalation of lead
dust, fumes and vapors. Chronic lead poisoning is, in fact, one of thc most
common occupetional diseases,

While chronic plumbism as a rule is not characterized by the depsysition
of lead in the lung nor byl the development of fibrosing pulmonary reactions,
Black commented on the fact that cancer of the lung had been obscrved in workers
exposed to the inhalotion of lcad or lead compounds., In support of a possible
causal relation between exposure to lead dust and fume.s and eancer of the lung,
he cited the occurrence of pulmonary cancer in glass workers (Boyd; Gutzeit;

. Klotz) and type setters =nd printcrs (Seyfarth). Rosedale and McKay noted that .

~~

ninc (9) out of 43 persons with lung cancer had been working morc or less with
lezd in one form or another, Black added two (2) cases of lung cencer (linotype
woﬂcer, metal polisher) to the previously published number of 15 cases of pul-

mbnary cancer in lead workers, He found a chronic fibrous pneumonic in both

of his cases,

’

Because of the close chemical felation betwcen lead and redium and in view
of the occurrence of radioactivity in some lots of commercial lead (dué to the
presence of radium D) he believes that the pulmona.ry.reactions reported repre-

. sent results of thc inhalation of mdioéctive lead_. These allegatiuni have 350
far remained unconfirmed., Although it may be advisablc; to ascertain throuch
epideﬁiologic surveys of various types 61‘ leed workers, Qhet.her or nct there
‘exists an excessive liebility to pulmonery nenplasiz, it is not likely thet
such complications of chrom'.c_pl\mbism exist because of the thorough and pro~ .
longed study which chronic lead poisoning has been subjected tou by investigators
of many countriég_. The reﬁgrtezifaxcessive frequency of lung cancer -:mgng
painters who ere known to be a':-t_’iected not infrequently with plumbism probzbly

has no causzl relation to lead exrosure because painters, especially spray

painters, inhale also other paint 'constituents, some of which have known carci.x_xof
genic properties (zinc chromate, earbon black, ete,). '
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Pe Zinc |

Zihc metal and zinc cnmpounds (zinc chloride, sulfide, oxide) arc uscd
industrially on » large scale for ge.lv;:nizing, brass production, n~lloys,
paint pigments, mt-proofing compounds and sheeting,

Inh.".latioh of zinc dust and fumes occur.s-d\n-ing spelting, g?.'l.v"niz;i:n?:f o
spraying, brass founding, brazing a2nd wslding of galvanized iron operaticns,
Su§h exposures giive rise to ;ttacks of metal fume fever. L<chmann sﬁr.ted th.-:_t
volatilized zinc upon cooling forms zinc oxide which in turn is tr-nsformed

into zinc carhonyl., This is hydroscopiec and when inhaled spre~ds over the

surf~ces of thc respir-tory structures, producing a necrotizing cffect on

the _exposed cells, Exprosure to fumes of zinc chloride, which is 2 known
corrosive and occasionally still used in the chemosurgical treatment of skin
eancers, hns resultcd in injury to the i.mcosa of the nasopharynx and respiras-
tory tract (Evans, E. H.).

Whether or not there exists a chronic type zinec poisoning (duBray; HcCord
end Friedlander), however, is still controversi=l (Drinker =mnd Foirhell;
Hegsted, H_cKibbi.n and Drinker; Nuck, Remy ~nd Holtzmannj Gocher), slthough
the experiments of Nuck et al, on dogs exposcd to the inhalation of zinc dust
showed that the zine contont of the lung, liver 2nd kidney decre;-sed rpidly
after cessation of exposure, the conclusion thnat such a rapid removal of
.zirfc fram the érg:mism precluded the development of a chronic tyne of zine .
poisén:ing is scarcely acceptable, since many éxamples of chronic ]_)oisgmi.ng
sen be cited which deronstrate that = prolonged retention of a toxic agent
is not s prerequisite for the cauwsation of chronic poisoning provided f.here
were cantacts with the orfend_i'n;: :agent over long periods of time, .t-any

rete, it is o well-establishe? fact that under such conditions of exposure

e

a rapid removal of the environmsntal agent from the site of contact would

not preclude the subsequent devclopment of a cancer,
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While there does not eJd.s£ any evidence indicating thet an occupational
exposure to zinc dust and fumes creates an inereased lisbility to cancer of
the respiratory organs, Cristol reported that zinc is prusent in incrfiﬁd
quahtities in all malignant growths and that, therefore, a decision :s:i;ould
be reéched whether this metal might be a cucinoéenic agent, In fact, there
exists a fair nunber of observations on the successful production of testicu-
lar teratomas in fowl following the intratesticuler injection of zinc chloride
(Falin and Gromzewz; Falin; .nissimova; Bagg; Bertrand and Vladesce; Falin
and Anissimova; Falin and Gromtscva; Ljvrags; Micholowsky). In view of these .
findings it seemé to be desirable to study population groups o'écupationally
exposed to zinc dust 2nd fumes in regard to lung cancer frequency.

Q. Vaznadium

Vanadiunm is one of the group of metals which have obtained repidly in-
creasing'importance'during the past one (1) to two (2) decades in metallurgi-
oel operations, It is mainly used as an alloy in steel and as a catalyst in
the production of diamond black, sulfuric acid, phthalic anhydride_md
benzoic acid, ‘

Exposure to vanadium dust.exists in the mining and smilting of vanacdium
ores, The smeltir_xg process is accompanied by the production of dust of
van—adimn pentoxide (Symanski). The inhalation of this dust has caused among
exprsed workers pulmonary dust reticulation as well as chronic rhinitis, and ~
bronchitis (Wyers; Balestra and Molfino), | -

Apart fron the fact that vanadium dust apparently is retained in the lung,
thereby caus-i_ng a chronic mefal zffect upon the lung tissues, its possible
carcinogenic relation is cdmpiicé.ted by the fact that v.ane.dit;m ores in this
country contain uranium and other radioactive substances, It ié for this
reason that venadium ore miners and smelter workers are not suitable subjects

for a study of possihle carcinogenic van.e;ii\nn hazards connected with the
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inhalation of vanadium dust and funes., S;xch future investi;ations should
be conducted on worker groups whose members are not in contact with any
known and recognized énvimnméntal carcinogen, .t present nothing is imown
concerning any carcinogenic'pmpe_rties of vané.dium and its compomds.-’_h N
ro Iron .

The extensive production and use of various types of iron and of diverse..
iron products offers frequent opportunities for the inhalation of dust ~nd
fumss of iron and its various alloys and compounds (iron orc miners, are
welders, grinders, polishers silver finishers, metal workers),

The resulting red or black siderosis caused by pu]monary retention of
F3263 or of Fe30hH20, respectively, is considergd an irert form of pneu-
moconiosis which does not cause disability and which at least in part seums.

to be reversible (Greenburg; Pendergrass and Leopold; Jones and Lockhart;

Pendergrass, Lame and Ostrum; Doig and McLaughl_in; Bohrod; Barrie and Harding;
D'Onofrio and Passeri; Sander; Dreéssén, Brinton, Keenan, Thomas and Plase;
Teleky and Gilbert; Humperdinck; Buckell, Garraud, Jupe, McLaurhlin and
Perry; Balsac and Feil; Lanza; Stewﬁrt and Faulds; Boamkc; Koelsch; Hamlin;

Silson; Teleky). Thé deposition of iron oxide perticles doeﬁ not elicit ig
the lungs a progressivc and marked fibrosing reaction (Harding, Grou;. and
Devies), unless the inhaled dust contains alsc silice, ipmducing then e
's,iggi_v;smcosia (Teleky).

The coexistence of siderosis and cancer of the lung has occasionally bean
observed (Stewart and Faulds, one (1) case; Dreyfus, three (3) cascs in watch
makers; Vorwald and Karr, three (3) cascs in hematite miners; Simons, one (1)
case in a blaster of iron cé;sfg.).,'v It may be mentionec'i, moreover, that Kennaway
and Kennawzy reported a 2,25 fold incidence of pulmonary cancer among metal
grinders and that Turner and Grace s well as Campbell noted an cxeessive

frequency of lung cancer among metal workers,
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Experimental studies on animals exposed to iron oxide and hematite,
respectively, pave contradictory results as to the production of lung tumorse

While Vorwald and Karr, using guinea pigs end rats feiled to obtain lung

cencers with hematite dust, Campbell reported an increase in the nmnbgio_f_ o

lung tumors in mice exposed to iron oxide over tfhat of the control series,
When the available evidence is viewed critically, it is not likely that
exposure to iron dust conveys an abnormal 1liability to the development of

lung cancer, The excessive frequency of this melignent neoplasm among metal

workers in general may well be due to e:éposure to dusts, fumes and vopors of

specific carcinogenic metals, such as chromium, nickel, arsenic, and perhaps .

beryllium, or to mists of lwricating and cutting oils, It may be noted,
however, thaf Warren and Drake when discussing the causaticn of primary
hepatic carcinoma in livers with hemochromatosls stated "qucther, primary -
progressive parenchymal damage to the liver and subsequent deposition ot
iron in hepatic gells seem to provide a setting -for carcinogenesis more
effective than simple portal cin'l;xosis." Whether similar eonsiderations

‘might be appliceble to siderosis and oancer of the lung seeme to be doubtful

in view of the few cases reported so far, in which the two conditions co-
existed, However, thorough and comprehensive epideniologic data om the
incidence of lung cancer in workers exposed to iron dust are not availahlé
and a definite conclusion on this problem, therefore, must be withheld, The
aG’inability of conclusive infbmation on this point appears to be urgent, '
since damages have been allowed in the past by court action in at least one
case of sancer of the lung in'-the p:;aduction or aggravation of which the in-

halation of steel dust was ﬁieged to have played a significant role -

(Medicolegal iAbstracts),

8, Nickel -
Nickel, one of the most industrially important metals, and prineipally

mined in the Sudbury distriot of Ontario, Canada, finds many uses (hlloys
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_(imn; copper, chromium, aim:lnm, cobalt), molybdenum) employ:d in the
menufacture of stainless steel, heat resisting steels, forgings, casts,
wires, sheets, structurel shapes, tubing, rods, bars, strips, etec.),
electropl&ting, catalysts, ceramic enamels and colors, pigments in pazints
and inks, storage batteries, etc. (International Nickel Cn,; Friend; Davis),

Exposure to nickel fumes and nickel dust of metallic nickel and its
compounds or to nickel carbonyl vapors is, therefore, frequent for industrinl
workers of mony types and in many operations (Sappington; Fischer), Whi_le” .
skin contact to nickel and nickel. salts n_ot infrequently results in the
development of an apparently allergic type of dermatitis (Burckhardt;
Wedroff; Weber; Schittenhelm and Stockinger; H{J'Jlschitzky; Kolzoff; Cormia
and Stewart; etc.),.inhalation of the volatile nickel oarbonyl has been re-
sponsible for an appreciable number of acute and often fatal poiscnings (Armit;
Amor; Mott; Brezina; KGtzing; Brandeis; Bayer; Krafft; Goldblott end Wagstaff;
Drinker, Fzirhall, Ray and Drinker; Hamilton; Royer). The pulmonary manim _
festations (congestion, desquamztion of alveolar epithclium, fibrinous acellulzr
exudaticn into alveolar spaces, bronchizl mucosal hcmorrhages) are apparently
attributable to the toxic action of finely dispersed nickel formed from the
disintegration of nickel carbonyl upon the pulmonary structures (Henderson
and Haggard). Krafft suggested that these reactions are the result of a.
nickel allerqy hav_'ing: the lun as its shock organ,

‘The first repor£ concerning the occurrence of 2n excessive number of
cancers of the nasal passagés (nasal cavity and paranasal ‘sinuses) and of
the lungs among workers on the Clydach plant of the Internstional Nickel
Company located at South wWales, Encland, wes made by Grenfell in 1932, although
the first appearance of these-_;qeophsn;ﬁ among; the nickel refinery mrk;rs wag
noticed in 1924 (Baader), S;ub;eqhmt reports dealing with these cancers were
made by Stephens; Amor; Cooper; Carozzi; Bridge; end Merewethér. .Frcm 1923

to 1948 inclusive, there were ‘notificd with the Chief Inspector of Factories

- - v
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a total of 47 cases of cnﬁcer of the nosc and 82 cases of cancer of the lung
from the nickel works, By thc end of 1948, 46 of the nasal cancer and 72 of
the lung cases had dicd, MNone of the nasal ceses and only two (2) of the

lun; cases had commenced work in the nickel refinery after 1924 when =z re-
construction of the plant had been c;zrried sut, The averzye exposure peri-d
for thc nzsal cancers was 23 years (range, 3-26 years), and for the lung
cancers 25 yeers (range, 1-33 years). Nc cases of cancer of the larynx have
occurred, and only one (1) cancer of the nascpharynx was observed af. Clydach,

The nasal cancers involved the turbinates, naszl septum 2nd perenzsal
sinuses (ethmoids), Of these the mejority were of the undifferentiated cell
type (6), some showed a squumous cell character (3), while columnar cell
carcincmas were uncommon (1). Of the lung ecancers, of which histologic studies
were available in only four (4) cases, three (3) were of the small cell,
plecmorphic ‘type, while one (1) wns a squamous cell carcinomz,

Similar observations were recently recorded from a Norwegian miockel
refinery, wherc three (3) cascs of.l\mg. cancer were seen (Lgken), In one of
these cases » squamous cell carcinoms wes asséciated with sarcoid lesions,

Goidblatt znd VWacstaff mentioned thet so far eancers of the respirztory
trzct have not been noted =2monr t.hga workers employed at the German nickel
refinery 2ot Ludwig_shafen, nor hes there be-cn observed ~n urusual frequency
of respiratory canc;ars among the uoricers of the S&ibury nickel ore mines and
smelters in Canada,

Amor psinted out that the mejority of individucls cmployed at Clydach
who developed respiratory cancers were not exposad to the inhalation of niekel
carbonyl but to that of nickel mattc dust or dust from the nickel matte
roaster (1fkan), More recel;xt.—.dat:i comnunicated by Morgan' confirmed this ob-

servation, although exposure to nickel earbonyl vapors had occurred more fre-

quently =among the affected workers than apparent from the data previously
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- given by i:;mor. The relativdly hich inclidence .of cancer of the naszl cevity
indeed suyrests thet a rather coarsé particulete aust readily arrestad at
the region of the turbinates may hove been active in the production of cen- |
cers at this particular site, uhiic nickel containing vepors or a very jgm
p;zrticulate dust most likely account for the cancers of the lung and nosal
ainuses,

As to the cnusative agent, vorious theories hnve been 2dvanced, .umor
favored the concept that the inhelation of mist from arsenic containing |
sulfuric acid used in the refining process was the active enrcinogenic z=gent,
It is mcet unlikely thnt this is correct because the nickel refinery workers
do not suffer from perforated nasal septa and displzy no evidence of chronic
arscnicism such ns dermstosis and cutaneous cancers, which zlmost zlwrys have
accompenied the occurrence of lunz cancer amon; workers exposed to arsenigal
rusts or fumes (Hueper). _

Amor stated that the refined nickel-copper ores =re free from radioactive
mctter, The respiratory cancers observed amons; nickel refinery workers thus
sre not identidézl in etiology with those seen in miners employed in the radioe
active mines of Schnecherg and Joachimsthel,

Workers cmployed nt the roasters, in the nickel carbonyl operation ~nd
at other parts of the plant, on the other hand, bccome exposed to the inhala~
tion of dust, fumes, or vapors contzining nickel. Nickel is the camon
denominmator for n1l of them, It thus is most probable that the réspirﬂ.tory
carcinomzs observed among nickél refinery workers zre rezciicn products to> more
or less finely dispersec_l nickel particles or vapors, Thcre is no evidence
evailnble, howevcr, which irid}&it;e's that the iah22ation »f nickdl in';jarticu-

late or vep-riged form is ecccmprnied by pulmonury chercs of ~ premoconiotic

neture, SRR
The concept of.a nickel_etiblagy of respirntory csncers wns tested in
animals by Campbell, who exposed mice to the inhalation of powdered nickel
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matte and observed that these animals had a lung tumor incidence siynifi-
cant.‘L# higher than that of the uhexposed eontrol mice; The recent experi-
Mu of Hueper seem to demonstrate more eonclusively the carcinogenic

properties of metallie nickel. When pure metallic nickel powdcr whs implanted

into the femoral and plcural cavities of rats, eaznecers devcloped at thu site .
of injection within six (6) to 24 months in sbout LD percent of the surviving
rats, Among 14 tumors thus produced, 13 were sarco.maé and one (1) was a
squamous eell caréinoma. |

Whether or not nickel assumes a carcinogenic role for eancers of other
organs and following exposures by other routes is \mknown. It mey be mentioped.
however, that Araki and Mure demonstrated by spectrographic methods, nickel
in hmen and animnl cancers of various types and sdtes, The niekul cnntent
ranged from 6,273 mg, per kg. of fresh tumor tissue toc 0.2 mg./ke.

No asscssment of the degree of oeccupztional nickel cancer hazerd can be o
made from_the data available, sinee the number of workers at risk is unknown,
Likewise, no dcfinite opinion can be expressed as to the possiblc exdistence
and extent of respiratory cancer hagzards for persons having for cther reasons
contact with dust, fumes and. faéors contain;'mg nickel or its ecompounds,

t. Chromium _

Chromium as a mctal, alloy or compound is used for many purposes in ine

dustry. It is for this renson that 2 large number ond varicty of workers have - |

contact with chromium and chromium eampounds and that even restricted groups: - i

of the generzl population may possibly become mosed to these agents in the
form of dust, vepor, fumes, mist, liquid and solid (Boume and Rnskm).

Workers most likely to be e;q:osed to chromium and its compounds are zcetylene

workers, m:i.hne workers, bl:.a_chers, blue printers, chrcme workers, chromium

platers, chromate mrnufacturers, chromite miners, crayon makers, dyc¢ workers,

electroplz=ters, enamel workers, glass and pottery frosters, glass colorers,
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pottery slazers, ~rtifici=l flower makers, battery makers, linolesum workers,
peint mskers, ink mnkers, painters, photogropnie workers, phetcengravers,
polishers, printcrs, rubber workers, steel workers, tannery workers, vual-
cenisers, waterproofers of textiles and peper, welders, uscrs of chro'.Tnat;M
anti-rust agents (locomotive attendants and enéineers), bitumen and oil
refinery workers (U, S. Department of Lator; Sappingtﬁn_: fLraham).

An environmental atmospheric econtemination with chromium compounds may
result fron the release of chromium contoining industrinl westes of echromate
plants and¢ of oil refineries using a2 chromium contzining silicn extrlyst for

_( the estalytic crackdng of oils, An environmentel spread of enromnbes aay
also follow the use of such compounds zs anti-rusting as.nts in automobilss,
Since many of the industrizlly used chromium compounds exert a corrosivze

&c}ign on tissucs, skin contact and/or inhalation of such agents r(:sults in

the development of ehrome uleers of the skin and nasal scptum, which in turn
provide definite proof of an e:dstin,g health hazard, Commcnting on the
appearance of suqh manifestations among workers of new in—;ll.xstries using
chramiun compounds, the Chief Inspector of Feactories of Englond ond lizles

( rerrrked in his repaort of 1944 that "the contrcl of old hnzerds in new m-ﬁus-
tries 1s of intcrest to others as wcll as to the student cf industhrd.:l ne=lth,
for it wuld se.em that in many cases the hagerd is not recognized until demege
to tissuec hes been done, when old principles have to be releamt and adapted

to new usecs,"

This rcflective observrtion seems to be gquite appropriate whin contenm-

employed "in the mmemus'ir;dustxial operations in whict chromium 2nd itse
compourris arc hondled and for which no pertinent vublished dcta of any kina?
exist =t the present time I(Chi'ef Inspuctor of Faetories , 1947, 1948; Regional
and Field Letter OFS; Engelhardt nnd Meyer; Mayers; Schwartz :nd Dunnj
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Leroux-Robert; Hloomficld and Hlum; Fcil; Galloro; ikatsuka and Fairhall;
Schrapf; O'Dondvan; Deribure; Vacceroj; Goldman and Karotidn; Mancuso;
}Lﬂ_néioli; Bucss; Winston and Welsh; Harrold, Meek, Collins and Markell;
Edmmndson; Lieberman; Dixon; Carter; Peroni; Gzlloro). -

The observetion of ,apj:nrently mcupétion—céhﬁectcd eancers of the respira-
tory organs, especially the lung, hes been limited so far to two typus of
operstiorns, the production of chromatecs from &xramite orc and the mrnufacture
of cortzin chromium pigments (zinc chromate, barium chromztc, lead chromate).
In these operations both water soluble and inscluble chrmium compounds are
inhrled by the ecposed workers, | The chemie~l neture of the zctusl ecrcino-
genic agent which is rusponsible for the excessive li=zbility of chromate and

chromium color workers to cancer of the lung is still contrversial, . lthoug

~all Investigators bclieve that somo chromium enmpound or compounds are causally

Anvolved, it has remcined uncertain whether the compounds suspected are
hexavnlent or trivalent, weter soluble or insoluble, monochromntes or di-
chram=tes, Water soluble chromlun compounds (monochromates, dichronates, and
zinc chromste) 2re most often incriminsted, Mancuso ond Hueper recently
pointed out that it moy be mors likely that carcinogenic effects are elicited
by chromium compounds which 2re cither not s_olublu in water or onlyu' slightly
80; becaﬁse such chemicnls Nhen- inhrled as dust would be retained and deposited
in -the lung »nd thus exert a prolonged effect upon the pulmonary tissues, Suck
chrorium compounds present in 2 chromate plent would be represented by chroe-
mite ore and its early conversion products preceding the forzation of mono-
chromates. These ldittle watar-soluble trivalent chromium eompounds teeur in
the mtorinl present in mixers =nd roasters and are contained in the slag
vwhich usu-lly is stored for future use in the yard area cf the plants,
Supporting this concept as to the chemical mature of ths exrcincgenic

ohmmimn compounds is the fact that workers s well as animals exposed to the
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inhalation of chremite ore dust have not only a high chromium content of the
lungs but e2lso an excessive blood chromium lcwvel (Mencuso and Urone). Recent
experiments on rats which inhaled finely powdered chromite ore dust showed
that after 18 months a chromium level of 13.0 and 17,0 gams, respectively,
in 100 tc of blood was found in two (2) rats studied, This finding, moreover;

definitely establishes the fact that a fracticn of the chromium contained in

chromite ore is solubilized in the pulmonary tissues and discharged into the

blocd,
Additinn~l support of 2 c~usal role of trivalent c;,ompounds mey be derived

from the observeticn that 10 workers of the 20 chrem-~te workers with lung
cancer reported on by Alwens and Jonas in 1938, were not employed within the
manufacturing buildings or were repeir men cr maintcnence workers (blacksmith,
glagier, drivers, welder, or manufacturers of sulfuric and hydrochloric acid,
produced in a nearby building), Vhile all of ther probably hed some exposure
to chromates, it is mcé_ly that their contact with chromite orc dust or with
dust from the sleg h;:aps cont2inins more or less "insoluble"” chromium com~—
pounds was much more pronounced (Mzncuso; Urone, Druschel and /nders; Bourne

end Yee; Buchell and Harvey).

-

As the result of the retention of "insoluble" chromium compounds in the
lung' tissues, thefe develops a hlackish spotty pigmentation and a spotty
fibrous thickening of the peribronchial and interstitial tissue where the
chromium dust particles are deposited. This pneumoconiotie condition called
chromitosis was described by Andrievskaya and Mislavskayz in chromite ore
miners and by Lukanin; Letterer,:Neidhardt and Klett; and by Mancuso ‘and
Hueper in chromate monufacturers. It was produced experimentally in rabbits
by Lukanin, Letterer reported:a:chrome-silicosis in & polisher of an iron
fourdry who inhaled silica a.r_ld chromium oxide dust,
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While the attempts of Gross and Koelsch; and Cempbell to produce lung
cancer in mice by their exposure to chromate dust were unsuccessful, Schinz
and Vollmenn, who implanted powdered chromium metal into the femeral cavity
of rebbits observed after more than three (3) years, one (1) animal with
cancer of the lmig and one with cencer of the fémm'. In = series of pilot
experiments recently conducted_, guinea pigs, rats and mice werc exposed to -
the inhalation of chromite ore dust at a concentration of 155 srmmz per liter
of air for five (5) to six. (6) hours per day, four (4) days per weck, for 2
total of 18 months, three (3) of the six (6) Wistar rats showed tumsrs in-
volving reapirztory orpans, One (1) rat had a squamous cell carcincme
originating in the paranaszl sinuses and invading and dislocating the eyeball,
two (2) additional rats showed at autopsy, sarcomatous growths involvinz the
mediastinal’ lymph~nodes and lungs, There wns much black pigment within the
thickened interstitisl tissue. The lungs of three (3) guinea pigs reveeled
on histalogic examination a marked proliferation of the bronchioler epithelium
which often occluded the bronchiolar lumina by the formaticn of cellular plugs.
consisting of ovol and spindle shaped, hyperchromatic opithclial oells, These
cellular masses extended in places into the the adjacent alveolar lumens
forming polyps, qoatings or solid casts, These changes were widely distributed
in the lungs which showed, moreover, 2 scattering of dark brown to black
amo¥phous pigment located especially in the subpleural zone 2nd within 2
fibrous and thickened interstitizl tissue, : -

These multicentric proliferative lesions of the bronehiolar epithelium
resemble in many respocts thosc recently deserdbed by Spaiti and Parsonnet in
a woman and termed by them"-“'n’idinute bronchiolargenic carcinom-s,” f.lthough
the earcinomatous a2s well as ‘sarcomstous reactions observed in rats and the .
hyperplastic bronchiolar lesions found in guinea pigs provide suggestive
evidence that a prolonged inhalation and pulmonary retention of chramite

{5

~
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dust may have a cancerigenic effect upon pulmonary tissues, this cvidence is
at preseant far from being conclusive,

It 1s definitely surprising that an excessive linbility to lun; caneer

hes been established so far only for chromate workers in Germony (Pfeil;

Mlwens and Jonxs; Tcleky; Carozzi; Gross and Kéélsch; :lwens, Bauke and

Jonas; Lehmenn; Martineck; Gross; Koelsch; aAlwens, Bauke 2nd .,lwcns; | :
Goldtlatt and Warstaff) and United States (Machle and Gresorius; Gregorius;
Bzetjer; Huepcr, Mancuso and Hucpef; Imprescia) and in chmx_ne ﬁig,ment workers
in Germany (Baader; Gross and Koelsch; Letterer, Neidhardt and Klctt), |
Bidstrup found a single casec of lung cancer upon x-ray examination of the
chcst of 321 chromate menufacturers employed for more than 10 years in
English plants, while no data exist on this point in regerd to chromate

- producing or consuuaing plants in other countries, such ns Switzerland, Italy

- and Frence (Wackman; Szita; Lecocur),

apart from the excessive fréquency of lung cencers amons chromzte workers
which aceording to American observations range from 13 to 31 tires the normnl,
an occupational origin of these concers is strongly suggested by the shift of

{ the age distribution toward younger age groups. This is particulerly striking

for the lung cancers present among Germon chrome pigment workers, since 50
peroent of the cancers z2ffected individuels before the ace of 4 years when
lung oancers of wnknown etiolozy are relatively inffequent{ (T~blc 10),

The quantitative dat~ on the chromium content of various orgcns and
blood of persons with chromium lung cancer have been reported by severczl
investigators (Alwens and Jonzsy- Jonas; Letterer, Neidhardt and Kleft;
Mancuso and Hueper), Spaﬁaég_hrecently notcd 2 peculiar l;eh-:Viour of the
chromium content of the blood-and urine in chromate workers before ~nd ?.fter.
the dcvelopment of luns: canecer, It was found thrt the nermel urinary ex-

cretion of chromium ceases in workers with the develorment of lung cancer
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. Table 10,

Age Distribution of Chromium Cancers »f the Lung

Yenrs 2130 340 4150 5160 61-70  T1-80  Totel
Cases: American : .
Chromate 0 -8 16 19 10 3 LIA
German
Chromate 1l 3 7 14 12 1 38
' German
Chrome

Pigmeat 5 3 1l 1
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while sirultaneously the blood chmmium level becomes elevated, If con-
firmed, this observation mey have distinct importance in cmuszl, metebolie
and diagnostic respects,

With the exception of two (2) cases (one (1) cencer of the nores.
(Newman); one (1) cancer'of the maxdllery sinus (Goldhlatt snd Wegsteff),
the lung wrs thc exclusive site of respiratory czncers observed among chromste
workers. The totol number of these cancers is at present ~roud 1_25 cases R
from all sources, None has been recported as origin-~ting from nasal septum
ulcers, .

Chromium pneumcooniosis thus seems to z2ccompnny the develorment of czneer
of the lung in chrom.te and chromc pigment mrnufacturers, It is ungertzin,
howcver, whether the pneurmoconintic process plays ~n cssentizl or modifying
role in the spceific cencerization process or whether it is merely 2
phenomenon of coincidental coexistex;ce._

w. ZArsenic o

Arsenicals represent a by-praduct or t;;zste product of the smelting of
meny ores (copper, zinc, silver, cobalt, sntimony, iron, bisruth, nickel,
tin and lend), .-'\rsenic_:als are present in the smelter fumes end slag hezps,
They are extensivcly nroduced and used, cspccizlly during past decades, 2
insccticides, fungicides znd vermicides (qheep ani cattle dip, grasshopper
bzit, rat poison) as well as 2 herbicide, especially for clearing reilroad
right s=of-way, .rscnicals are *pplied as sprays to orchards and vineyards end
are dusted frrm airplanes upon cotton, corn, soybcan and potato fields, They

are employed =2s wood preservatives, in the monufacture of glass, lead-bose

‘alloys, dyestuffs, bronzing =nd paint pigments, and medieinrl and eosmetic

preparatisns (Mote), Arscnic and its compomids constitute, according to
"Envirorment 2nd Health", a hezlth hazard for 35,251 workers emplcyed in

‘mericsn industries, This definitely is a very eonservntive estimate of the
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number of exposed workers cdnsidering the long although incomplete, list
of different occupations entailing cantaet with arsenicals given by
Chamberlein, The estimate, moreover, does not inelule the rather consider-
ahle mmber qf persons who are exposed to arsenisals for purely envi’foTxmental.'
reasons by either ingesting arsenieals with foodstuffs contaminzted with

arsenicel insecticide residues or consuming drinking water polluted with
arsenieals leached into drinking water supplies from mine and smelter dumps
or inhaling arsenicals released into the air from industrial establishments

.or by small or lorge seale dusting operations of ersenical pesticides,

Fron the published evidenee on hand, it appears that environmenta;l and .
non-occupational contaets with arseniccls have been responsible in reeent
deczdes for the majority .of cases of chronic arsenieism and cutenecus arsenical
canecers (Neubauer; Hueper; Arguello, Tello, Macola and Manzano; Btrtzengeig-er;
Baader; Nieberle; Hofmann; Prell; Holmquist; Montgomery and Waismen; Cannon; ~ )
Arheiger and Kremen; Straube; Bohnenkamp; Hanser and Simon; Gonnet; and
ma.ny. others),

While the czusal role which arsenic plays in the production of caneers
of the skin on the bnsis of chronic arsenicism of occupational, medieinal
or environmental origin has 1ohg since beecn fimly.established, it"is of
rether recent date thet exposure to arsenicals has seriously been considered
as a principal eausel agent of cancers of the mucous membranes, such as those. .
of the bronechi, stomach end bladder., Indeed, tod?y‘ there exists as yet only
highly suggestive but not eonclusive evidenece linking cancer of the lung with
an oceupaticnal exposure tc é}s;enica.l dust, However, in almost 211 _cases of
lung caneer for which such claims wore made, there existed stigmata of chronis
ersenieism in the form of a}s:é;iic dermmrtosis with or without skin cencers,

?ince the inhelation of arsexxiqgl dust and fumes produces rather frequently —

\

the development of perforat'eci;im.sal septa as well as chronde irritative




- bl -
~conditions of the bmnchi, thercby creating a symptomztic esncerigenic
pattern similer to that seen in ohromate workers, the existence of = csuscl
relati;aﬁship between cancer of the lung and chrenic arscnicisn 2prears under

such eircumstances to be o reascnable conclusion, Chest and x-rey -examina-

" tions of forty (40 workers employed in an arsenic smelter revesled a mild
degree of pneumoconiosis (Saupc), |
idthousgh Saupe himself did not discover any evidence of lung cancer
amons the workers studied - even though they often were afflicted by hyper-
keratoses of thc skin and perforated nasal septa - he citced the éutopsy

observetions previously made by Schmorl on two (2) arsenic smelter workers

-

who died with cancer of the lung (Teleky)., Frommel briefly mentioned the
occurrence of a cancer of the lung in a taxidermist who used an arsenical

powder for dusting the pelts of animals, Pour (4) additional cases of lung

6anoer in sheep dip workers with arsenic dermatosis noted in one (1) of éhese
were reported by Mecrewether, whilc .Hopkins end Von Studdiford observed in a
farmer living near a cotton field spreyed with inseoticides, arsenical
dermztosis, epitheliomas and cancer of the lung, The occurrence cf five (5) |

cases of lung cancer (Merewether; Hopkins and Van Studdiford) among only

~

25, individusls suffering from occupational ersenical demmatosis a:;d epithee
“'-l.'i'omas czused Neube.ucr to wonder whether this is mere coincidence, because
'oﬁly tws (2) cases of lung cancer were obscrved among 143 cases of medicinal

arsenic eancers of the skin (Russell and Klaber), or undcr occupational

conditions whether the irriié‘ﬁion of the respiratory tract by arsenical dust

wes responsible for the pheticmenon,
Henry commenting on tﬁ.é. occurrence of skin eancers among sheep dip work-

ers (191'.. - 1923) recorded the occurrence of two (2) additional cases of

lung eeneers among ten (10) workers of this group having cuteneous cancers, —

He mentioned, moreover, the p’resmce of cansers of the lufy foot, abdominal
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wall and lung in a furnaceman of 2 sodium arscnite faotory., anzlyzing the
mortality experience of a sheep dip factory, Hill and Faning found that
seven (7) or 31.8 percent of the.22 cancers causing death nmong members of
this group were located in the respiratory organs, while three (3)“0\?.'_]3.6"
percent were situated in the skin, There were during the period 1910 - 1943
a total of 75 denths from all causes, Thu proportional excess of cancer
deaths was mainly attributable to an excessive frequency of cancers of the

lung and skin which were confined to workers in thc chemieal processes 2nd
werc absent among members of the generzl group who would be unlikely to be
exposed to any specific hazerd, Perry, Bowler, Puzx kell, Druett and Schilling
conclmied from f.he clinical evidence obtained that after many yeers of ex-
posure to arsenicals these sheep dip workers may develop a squamous cell
carcinoma in the bronchus,

The most -recent addition to epidermicloric investigations on_arsenis
cancer was made bf Snegireff and Lombard studylng cancer deaths among em-
ployees of severzl metallurgical plants of' unidentified type. Of thc‘ total

of 10§ deaths from all causes recorded during the last 25 years, twelve (12)
were due to eoneer of all sites and of these, six (6) were lccated. in the lupgs.
The investigators concluded from this evidenee that "there 2re iﬁéications
that biologically the human race made the adjustment to arsenic -in--the envis
r&ament and that only rarely, when associzted with other enntributing
ez;éogenous factors such as systemic disease, or possibly factcrs such as
radiation, it may be capable of upsetting the biological equilibrium"; and
further "that the handling of arsenic trioxide in the industry studies does

not produce a significant obange in the eancer mortelity of the plent em-
ployees; hence othor factoz;é in addition to arsenic must be eonsidered bigniﬁ,.
eant in the causal relationship to cencer', In view of the fact that 5 per-

eent of all cancer deaths among'e.mployees of one (1) plant surveyed were
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caused by cancer of the lung., the observations made in fact confirm a
carcinogenic action of inhaled arsenic triaxide upon the tissues of tho
lung of the exposed workers. The conclusions of the authors seem to be
based on wishful thinking and not on a rational evaluation of facts,This- -
interpretation of the data of Snhegireff and Lombard is supported by the high
incidence of lung cancer among the population of several counties in Montana
where copper smelters and mines were operated for many years creating an -'
occupational and environmentzl pollution of the atmosphere and soil with
arsenicals, Prolonged mr;alation of arsenicnl dust and fumes appears to
produece an increased lial;il:l.ty to cancer of the lung.

However, the exstence of such connections should be aclmowledged only
when there existed at some time, clinicel and, if possible, histo-and biow
chemicel evidence of chronic arsenicism, In view of the absence of any such
evide’ﬁce aﬁsociat.e_d with chronic arsenieism among the niekél refinery workers
affected by cancers of the nasal cavity, paranasal sinuses and lung, among |
axcessive tobacco smokers with cancer of the larymx and lung, it is most un-
likely that exposure to arsenic dust, fumes and vapors plays any role in the
production of respiratory cancers in members of these populatipn groups,

Comments on Respiratory Metal Cancers -

The evidence presented demonstrates that some metals and mctal compounds
when inheled as dusts, ﬁlneé, mists or vapors are capable of producing cancers
in verious parts of the respirstory tract., Pneumoconiotie changes precede
and accompany such developments when chromium campounds are inhaled, while
such lesions have not bcen repérted following the inhalation of nickel com-
pounds and are apperently of minor nature after the inhalation of arsenieals,
Although the respiratory intrSduction of beryllium compounds leads in animals
to the development of progreééive gramulomatous pneumoconiotic alterations

which may beeome complicated in rats by bronchiogenic carcinomatous manife_sta—
tions, no such malignant sequelae has been reported es yet in human bez_'ymads.

o z
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~ both varieties of polymer oarcinogens.

Whether or not respiratory metal cancers may develop ofter the inhala-
tion of other metals represents a problem deserﬁng serious consideration

especlally where sucsh metals are widely used or have attcined major indus-

‘4rial importance only in recent years. ) e

B. Relation of Inhalation of Silicon and Carbon Polymers to Respiratory
Canger
The second group of respirztory _gaminogens is composed of chemical
agents of rather diverse compositién but sharing the characteristic that they

mey form or occtr as linear polymers. The principel evidence suggesting the

existence of "polymer cancers" has come from experimertal obscrvétions. The

"so far" known or suspected carcinogenic poiymers are either polyerized
carbon compounds or silicon compounds (Table 11).

Cancers of thc respiratory tract in man scem to be causally related tb

a., Carbon Polymsrs. B
The first experimental evidence apparently representing a carcinogenic
effect of a carbon polymer wes provided by"l‘umer who obtained in four (4)
of nine (9) rcts snrcomas at the site of subcutaneously immetai bakelite
discs, Bakelite is a pheholioimaldehyde polyusr. More recently Oppenheimer,
Oppenheimer and Stout succeeded in obtaining sarcomas in rats and mice after
inbedding subcutaneously various plastic:s ﬁJ.ﬁs » namely, cellophane, alcohol-
extracted cellophane, a commercial polyetbylene, a very pure polyetaylene
and vinyl chloride ﬁ.].m.. Sarcomatous recctions were absent following the
subcutaneots implantation of -];j.i'xt.ers, surgical cotton, and glass cover slips,
Druckrey confirmed these findings on rats which received subcutancous and
intraperitonaal il'rplen‘.;'s cf ceitcphane and of cellophane axtracted with

boiling benzene, Sarcomas were alsc obtained by Dueitrey in rats which were

Antraperitcneally injected with a pélyemid polymer, melyé— caprolactan,
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- Negative results, on the other hand, were noted with Orlen, Nylon and Perlen

as well as glass wool,

Additinnal experimental evidence supporting a cancerigenic role of linear
polymers can be deduced from the observation that certain methylolamines, _
ethylepsimines and epoxides, which readily form linear polymers, possess cyto-
toxdc (canceroclastic) and cancerigenic' properties- (Elmore, Gulland, Jordan
and Taylér; Goldacre, Loveiess and Ross; Philips; Hendry, Rose and Walpole;
Hendry, Homer, Rose and Walpole),

Several other industrially important polymers, such as synthetic rubbers,
polystyrenes, polymethacrylates, urea-fomaldehyde and melamine-formaldehyde
resins have as yet not been tested for potential eancerigenie properties,

Through the recent discovery of cancers of the paranasal sinuses, larynx
and lung among isopropanol manufatturers, j’.fxe occurrence of carbon-polymer
cancers has probably been extended to man, Isopropyl oil, i.e., the crude
liquid from whieh iéopropyl alcohol is distilled and which is a slightly
turbid, viscous liquid, turning, @on standing, slowly into a brownish to
blackish tarry material, contains polypfopylene corpounds as well as propylene
ether which m2y be oxidized into propylene peroxide and propylene epoxide
having a tendensy to polymerize. | Polypropylene, merchandised as Opponol K,
is used commercially as an oil for cable filling (Schildknecht).

Workers employed in isopropanol manufacture have been exposed to the in-

"~ halation of vapors, mist and dust of isopropyl oil, escaping from leaky pipe

connections, defective pumps and gaskets or spilled on the floor at the occur-
rence of breaks in pipelines and during repairs on pipes, pumps and stills,
Weil, Smyth and Nale reported thrat between 1928 and 1950, a total of seven (7)

neoplasms affecting various pgné of the réspiratory tract (nasal sinuses (4),

larynx (2), and lung (1) came to observation among 71 employees or in 8.4
percent who worked more than five (5) years in tne iscopropsnol plant. Inhalatien
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experiments conducted on mice with the various shemicals to which the workers
become exposed provided suggestive evidence incriminating isopropyl oil.
Since the occurrence of an exceésive nuber of respiratory cancers among
isopropanol manufacturers has not been limited to one particular plant, it
can be concluded that isopropyl oil, and thus p!_vbably polypropylene com-
poimds, mpi-esent a human carcinogen,

In an attempt to explain the carcinogenic action of these carbon polymers,
Druckrey suggested that they may become bound to cellular proteins by cova-
lence bindings or that low grade polymers may even be incorporated into
protein molecules and, thereby, give rise to abnommal proteins, which in tura
would be equivalents to the earcinogen~-protein complexes established for car-
cinogenic aromatio amino- and azo-compounds as well as for 3,4~benzpyrene and
cerpain metals (arsenic, chromium, nickel) possessing pronounced allergenic
qualities, Perhaps a part of this general resction mechanism may be repre-
sented by the recehtly reported occurrence of a so-called polymer-fum: fever,
similar in symptomatology to metai fume fever which in turn resembles anaphyl-
actic shock (Koelsch; Harris),

b, Silicon Polymers

Among the various crystalline, amorphous or colloidal silicates (quartz,
asbestos, talc, soapstone, tripoli, diatomaceous earth, silicon carbides, ete.),
both asbestos and erystalline silica when inhaled produce specific types of
pneumoconioses which in turn allegedly convey an excessive liabilify to cancer
of the lung, Certain silieon pelymers thus may displéy carcinogenic properties
similar to those displayed by.aliphatic and aromatic hydrocarbon polymers.

Y, Silicosis i

Sinece silieotic metmc-)conidsis'fulfﬂls all the requirements which may be
asked from a nonspeeific earcinogenic agent acting on the basis of the ehronic
irritation theory of carcinogex{e'ais, uncomplicated silicotiec conditiohs
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| (anthracosilicosis, aideroéilicosis, etc,) have repeatedly becen claimed as
favoring the development of lung cancer (Fine and Jaso; Dible; Charr; Klotg
and Simpson; Klotz; Schmorl; Andersen and Dible; Ra'fbtner). Isolated cases or

small series of cases showing the coexistence of silicosis with cencer of 1_’{9

lung were rcported by Allen; Cramer; Dible; Fine and Jaso; Frommel; Herris;
Klotz and Simpson; Ma.xuell;; Middleton; Olson; Sladden; Seupe; Sweany, Porsche
and Douglass; Charr; Gsell; Panco2st and Pendorgrass; Vorwald and Karr;
Hombuxtger). The total number of such combinztions reported from this country
and abroad is around 75 cases.

Merewether recently added data of a large series to this evidence., Amcng .
6,884 cascs of silicosis which came to autopsy, there werc 91 cases associated
with eancer of the lung (1,32%), vwhich is practically identical with the inci-
dence rate of lung cancer in the gencral population. Gloyne, however, obtained

on several special groups of workers distinctly higher figures. There wcre

four (4) lung cancers among 78 iron and steel workers (5.1%), nineteen (19)
lung cancers among 340 pottery workers (5.6%5, nincteen (19) lung cancers
among 293 cozl miners (6.5%), and eight (8) lung cancers among 90 stonc xﬁasons

(8.9%), who showed pneumoconiosis at neccropsy, Strieck, on the other hand,

~

‘ 'did not see any lung cancers among 186 cases of chalicosis, and BYhme recorded
the zbacnee of an increased lung cancer rate among silicotics,

Other investigators, also, have pointed out that caneer of the lung is nof
ore. frequent or less frequent among workers exposed to the inhalation of silia
dust (anthrzcitz miners, pottez;y- workers, sandstone workers, etc,) than among
the general population (Vorwald and Karr; Schulte; Schulz; Sesupe; Pancoast and
Pendergrass; Olson; Fail; Bé:blingcr). Schulte remerked that the pnex;moconiods
for the development of lung cancer, In view of the fibroblastic proliferation
stimilating action of silica, Gardner suggested that if enything, there should
be an excess of_pulmna.ry sarcomas, but these have not been reparted, _Sinee
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in this eountry alone, over onc (1) million workers are exposed to silica |
dust (Environment and Heélth) and in view O.f the faét that silicosis among
anthracite and metal ore miners (copper, zinec, silver, gold, ete.) still
occurs rather frequently, the available cvidence supporting e causal_ reletion
betwean silicosis and cancer of the lung is unimpressive. _ :j‘w.

A lung cancer once established in a memnocoﬁiotic lung, according to
Allen, on the other hand, is not impeded in its pulmonary as well as meta~ .
static spread by the existing fibrotic hlockage of the lymph and blood vessels,
It seems that this medicolcgally impdrtant statement needs further confirma-
tion by other investigators, because it is in disagreement with the observa-
tions madc and conce‘pts held concerning the retarding influence of organ and
stroma fibrosis on the proliferative and metastasizing activities of malignant
growths in general,

It may be mentioned in this comnection that the inhelation of silica dust
and the dcvelopment of lung cancer by the cobalt ore miners in Schneeberg,
Saxony, represents only an apparent_exception (Sehulz) to the negative eon-—
clusions reached, It is not the silicosis of the miners' lungs which is of
significance but the possible adsorption of radicasctive solids or geses to
the silica particles which may be of importance in the production of the lung
cancers, beczuse such combinations are likely to prolong the carcino;enic
actiqn of f.he mdioaqtiv:.\ materi2l upon the lung tissues,

Attempts to produce lung tumors in animals mcperimmtally.by the inhela-
tion of silica dust (Vorwald and Karr (guinea pigs, 'rabbits, rats, chickens,
mige, eats); Campbell (mice)) gave essentially negative results, Willis and
Brutsaert observed in guinea pigs exposed to silicon carbide after 18 to 31
months miltifocal prc_;lifera.t_.iv;g:s of the bronchiolar epithelium which seem to
invade the adjacent alveold as.small derk eell groups, Since adenomatoid

structures have been observed in the lungs of apparently "nomal" guinca pigs
(Sternberg; leiteh), tha aignificence of Willis and .Brutsacrt’s findings m

. "1
\
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remains in doubt,
s, Asbestosis
Asbestos differs from the ordinary gient molecular erystalline silicates
not only in its chemical amd ph;_rsical..pmperties, but ilso in the enctomicel

aspects of the pneumoconiosis produced by it., In contrast to ths tridimen-
sional polymcrized silica crystals in which no oxygen atoms sre left carrying
chargrs to attract positive ilons, asbestos consists of giant fibmus molecules
composed of polymerized silico-oxygen tetrahydra which are arranged in cheins
or bands (Parkes), Depending on the origin of asbestos the fibrils mey be.
short or long. Italian, South African and Australian asbestos (amphibols)
consists of fibrillar or radiating crystals of calcium-magnesium silicate

or sodimum iron silicate (4O percent iron oxide). Canadian, Russian, German
and French asbcstos is hydrated magnesium silicate, which contzins Smalll
amounts of iron oxide (5.75 percent) Beintker; Wyers; Kruger, Rostoski and
Saupe; Vorwald Durkan and Platt) Canada furnished about 75 percent of ‘the
world production of asbestos. Canadian asbestos, because of its long fibers,
is especi2lly suitable for textiles,

Depending on its physical characteristics asbestos finds numerous uses
(textiles, filter material, building material, gaskets, insulating meteriol,
adsorbants, etc,), Some 35,000 workers are exposed in the United States to
asbestos dust (Envimnment and Health),

It. is asserted t.hat inhaled asbestos dust produces asbestosis only if the -
inhaled fibers are sufficiently long. In the absence of e fibrous st:'ucture
the dust is said to be inert (Wyers; Vorwald, Durkan and Pratt). Sinee the
larger fibrils are arrested in the bronchioles (Gardner), the granulomatous
reactions form peribronchiolar. fibrous cuffs with giant cells and asbestos
bodies, These have a fibrillar_core and an iron staining proteninic or
eolloidal silicic aeid shcath, Whether the iron in the aheaths originetes
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from the ashcstos fibers (Timmermons) or is derived from blood or tissue
elcments (Vorwald, Durkan and Pratt) is still controversial., These two ob-
servetions deserve special mention because of the apparent dependence of -
cancerous changes in the lungs of asbestos workers upon the presence of-—-  —
asbestosis and in view of the possihlility that the proteins of the lu-ng
tissue may specifically interreact with free groups of the filamentery nse
bestos molecules (Druckrey), '

The coexistence of asbestos with cancer of the lung was firsi reported
by Lyneh and Smith in 1935 (one case) ,. who recorded later three (3) additiomal
cases (Lynch and Smith; ﬁnch). Sirilar observations have subsequently been
record>d frem this country (Stoll, Bass and Angrist (one case); Holleb and
Angrist (two cases); Homburger (three ceases)); Canadz (Dosmeules, Rousseaﬁ,
Gilroux and Sircis (two cases); Cartier (four cases); Rousseau (one case)),
England (Gloyne (17 cases), Harrison (three ceses); Hemwether (eleven cases),
Cureton (one case); Owen (one case)); Germeny (Nordmann (two cases); Linztach
end We’dler (one cese); Horning (one ease); Welz (two cases); Bohne (onc case);
Domenici (two cases); Baader (one ease)). There is, thus, at present a total
of 60D ceses of asbestosis cancer of the lung on record, To this number must
ﬁerhaps be added the eight eases of cencer of the lung complicated by asbestoss
vhich Kennaway and Kennaway discovered in an analysis of the death certificates
of meles registered between 1921 and 1938.

Merewether noted that the mesn age of males with asbestosis cancer of the
lung was 55,2 years (range 22-72) end thet their mean exposure time was 20,1
years (renge 6-40), while the mea_xj age of female cases was L4L,6 years
(range 3?-71) and their mean exposure time was 7,6 years (range 0.5 to 48).
However, in many cases there elapsed a long exposure free interval renging
from several months to 20 years bﬁ'ore the lung cancer became menifest (Wedler),

There were 37 males and 1§ femeles among the 52 meses for which information
on sex was available, The male:female retio is thus 2,511, which represents a
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Table 12,

_-’.\ge Distribution of isbestosis Cancer of the Lung
Years 25-34 35-l4 45=51 5564 65=75 Total
Cases 2 S n 16 17 5 b2

\

Since ,lung cancer of unknown etiology oecurs rather infre-
quently before the age of 40, while 26 percent of the asbestos
cancers appeared before the age of 44, it seems that there exists
e moderate shift toward younger age groups for cancers associated

with asbestosis of the lung (table 12),

Table 13.
F.kpoéure Tine Distribution for Asbestosis Lung Cancers

Exoluding: Serics of Merewether

Years 13 4=10 1120 2l and sver total

Cases. 4 6 oy e - a

The exposure time of this series covers a wide range (1-23 years),
indicating that type and intensity of exposure to asbestos as well =s
perhaps an individual suscevtitility to asbestosis play an important
role in determining the development of this pneumoconiosis and thereby
the possibility of a secondery carcinomatous sequela in the lun;

(table 13).
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marked shift toward the female side wﬁen compared with the usual sex ratio
of 5:1 to 10:1 for lung cancers of unknown etiology. Equalization of
carcinogenic exposure as represented by asbestosis, for the two sexes, thus
resulted in a trend toward equalization of liability to lung cancer,
It is of lmportance to note that the mean age of_noncomplicated cases of
asbestosis (128) was only LL.2 years (Merewether). One may oconclude from
this observation thaf some of these individuals apparently died from asbestoals
beforc their lung cancer had a chance to develop (Linzbach and Wedler).
Additional support for a causal relation betwsen asbestosis and cancer of
the lung is derived from the fact that Merewether found among 266 cases of
asbestosis observed from 1924 - 1946, 31 cases of coexisting cancer of the ’ .
lung (13.2 pereent), whilé there weré 91 cases of lung cancer with an average
age of 59,4 years among 6,884 cases of silicosis (1.32 percent), which came

to autopsy. Wedler noted that asbestosis cancer of the lung occurred in. 14

”fﬁf; eases orll6 percent of 92 cases of asbestosis on which neeropsies were per-
formed, whereas the normal rate of lung caneer in autopsy matcrial was esfi-
mated to be 2 ~ 6 percent,

While Lanza, Vorwald, Watrren and Carticr are quite sceptical as to the

" actual existence of an excessive liability of.indiwiduals with asbestosis to
‘lung cancer and while Cureton and Homburger are undecided on this question,
other investigarors favor this soncept or consider the existence of a sausal
relation as highly probable or established (Kennaway; Merewsther; Teleky;
Nordmannj Huepcr; Gross; Lecoeur;-Smith, S. W.j Saita; Wegelin; Linzbaeh and
Wedler; Stoll, Bass and Angrist; Welz). |

The histologic types of lung cancers observed do not essentially deviate
in their relative frequency from those seen in cancers of unknown etiology.
-There were 22 squamous carcinémas, seven (7) oat cell carcinomaé, four (4)

anaplastic carcinomas and six (6) adenocarcinomas, In view of the fast that
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one of the Norwegian cases of nickel cancer of the lung was associated with

pulmonary sarcoidosis, it may be mentioned that Skavlem and Ritterhoff reported

the combination of an asbestosis with a sarcoidosis of the lung which, however, .

- wag not complicated by a carcinoma.
Attempts héve been ﬁade to rgfute the claim of.a causal relation betwqu
asbestosis and lung cancer by determining the frequency of pulmonary cancer
among the total‘worker population of the asbestos industry (Cartier; Vorwald).
Such a procedure is bound to give misleading results. It is quite irmeterial

how many workers employed in the industry develop lung cancer, since an un-

R -'determined porticn of these workers doubtlessly sustains either no exposure

or only a low intenéity exposure and thus does not develop asbestosis of the’
lung.which ié the prerequisite for the subsequent cancerous development,
Asbestosis must be considered as the essential stigma of an effective exposure,
It is, moreover, necessary to know the sex and sge distribution of the worker
.éopulation studied and evéluated as well as the duration of employment and N
exposure, A markedﬂlapor tumover in fhe ihdustny is not inducive for ob-
taining reliable information on the actual number of lung cancers ond asbese
tosis cases which may result from effective exposures, For these réasons,

_ no definite conclusions can be drawn from the obgervation of Cartier, noting
eight (8) eases of lung cancer amorig 4,000 workers stﬁdied for 10 yeors,
especially as the frequency of asbestosis among effectively exposcd workers
increasés with the.duratiOn of exposure (B8hme; Skull); Kennaway and Kennaway
reported that eight (8) lung cancers may be found among 4,000 mnles of the age
range 45 to 6k years, |

The-evidence_on hand, at any rate, has convinced the West German governmemt
to make asbestosis cancer of the lung a compensable discase (Tabershew) .,

Asbestotic warts of the skin, on the other hand, are not covered (Oliver, Morand

apd Brun; Young; Derwitz; Dreessen, et al.),
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- The experimental approach to the problem has so far given equivocal |
results, Vorwald and Karr using guinea pigs which were exposed to asbestos |
dust qbtained negative results, Nordmann and Sorge employed mise for this
purpoée and clajmed to have produced bronchi;genic carcinomas with pulmonary
fibrosis in two (é) mice, This observation needs to be confirmed before it

can be accepted,

Cémments on Respiratory Polymer Cancers
While the fundamental concept of "polymer cancers" is a tentative one
and needs to be Suppdrtcd by additionzl evidence, tﬁe available data are
sufficiently important to require serious attentioh from both a secientific
and practical viewpoint., The rapidly expanding industrial production and
industrial and gehernl uge of naturnl and synthetic polymerized substances in
plastics, films, rubbers, textiles, ete., brings a considerable part of the

working po?ulation in direct contact with chemicals of this type, It seems to

" be advisable, therefore, to stud& these population groups during the coming

decades for the occurrence of cancers, particularly those affecting the

respirafory sysfem.

C. Relation of Inhalation of Combustion and Distillatioh Products of

Coal and Petroleum to Rcspiratory Canecr

The third major group of recognizéd, suspected, or potential occupational
respiratory cércinogeﬁs is composed of substances containing speeific careino-
genic aromatic hydrocarbons, -and being derived from the incomplete combustion,
distillation, catalytic oracking anc¢ hydrogenation of céal, petrolcum, shale,
natural gaé, and similar carbonaceous matter. The carcinogenic hydrocarbons
are especially contained in the higher boiling fractions of coal tar, piteh,
ereosote oil, anthracene oil, soot, earbon black, fuel oils, lubricating oils,
and erude paraffin oils, The inhalation of dusts and nmists of these materials

results in their partial retention in the lung and in the production of
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anthracésis, bituminosis or chronic oil .pne\nnonia._
s, Coal

Severe and prolonged exposures to carbo_n dust lead to the dewelopment of
a mildly fibrosing anthracosis even if not complicated by silicosis (Hollmon ).
Some 650,000 workers in this country are exposed to carbon cust,

The inhalation of coal dust, which is ma:.nly carbon without hjdrocarbons,
13 not credited, in generel, as a possible cause of cancer of the lung, A
low incidence of pulmonary malignancy (38-71) and laryngeal eszncer (44-58)
(gener=l. population 100) was found to be present in coal miners in England
and Wales by Kennaway and Kennaway, This observation agrees with similar
ones previdusly mentioned and covering coal miners in Pennsylvania (A11en),. _
in the Ruhr District of Germany (Schulte; Schul), and in Saxony (Gerbe).
Gloyne reported, on the other hand, an incidence rate of 6,5 percent of
lung cencer with pneumoconiosis (19 cases) among 293 coal miners who came to
autc;psy. Gough observed a case df lung cancer in one of six (6) coal trimmers
dying from anthracosis after an occupational exposure to coal dust for 25 jrearsg

) ﬂo informatioﬁ is aveilable on the lung cancer incidence among graphite
miners and wnrkeré inhaling graphite dust and developing a fibrosing, granulom -
- matous type of pneumoconic;sis (graphitnsis) which shows a tendency to cavita-
. tion (Jaffe; Dunncr and Bagnally Dunner; MacMahon; Harding and Oliver;
Dassanayake; Ray, King and Harrison), Graphite is one of ‘l'_.he allotropic forms
of ‘crystalline carbon which is mined in Ceyloﬁ and Ontario, and industrially
used in lubricants, polishes, electrodes, crucibles, furnaces, lead pencils
and electric batteries,
b, Combustion and Distillation Procducts of Coal.

The apparent innacuousness of coal and, possibly graphite dust 28 respira-
tory carcinogens, however, is not shared by the incamplete combustion, distilh .
lation and hydrogenation products of coal (pitch, tar, soot, creosote oils,

anthracene oils, tar oils, and the highly viscous oily and tarry fractions
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obtained- by‘the direct hydrogenation of .conl employed‘ by the Bergius process).
The caminoéemc action of these combustion and distillation products of coal
on man and experimentai animals has been established beyond any doubt (Henry;
Ross; Hicger; Kennaway; Legge; Cook, Hewett and Hieger; Downing; Earle;
OfDonovan; Passey; Pott; Woglém; Twort; Teutschlaender; Oliver; Seelig and
Cooper; Goulden and Tipler; and many others). Although the bulk of the
Casulstic and epidemiologic human evidence of occupational coal tar and pitch
cancers .h‘as come from England and Germany, it can not justly be assumed that
American made coal tars, tar oils, ereosote oils and pitches differ funda~
mentally in their carciﬁogenic properties from those manufactured abrbad.

The exposures susta.’_med by the numerous types of American workers in a great__
variety of occupations and operations do not seem to differ according to our
own observations from those found for their European colleagues, nor are the
careinogenic offects on the skin of these workers at variance with Europcan
observations, | -

However, in addition to skin contact with these products' of processed éoal,
there éxists for some groups of workers a considerable exposure to these .
agents in the form of dust or fumes (tar distilleries, tar paint, shingle,‘
-roofing paper, paper conduit, and battery case manufacture, gas works, coke
. oven operations, road econstruction and repair work, roofing, brick malg'.ng,
~foundries, furnace attendance, railway engine driving, round house operations,
pickling of lumber, chimney sweeping, cork brick manufacture, etc.),

Since the high boiling fractions of synthetic oils produced by the direct -
hydrogenation of eoal through the Bergius process have been shown to be
highly carcinogenic to the skin andfor subcutaneous tissue of mc(. and rats,
respectively, certain types of workers manufacturing and using such products, L
inhaling fumes or mists of thcse earcinogenic petroleum and tar oil substi~

tutes, may have a special lung cancer hagzard, Manufacturing plents using the
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'Bergius process have been operative for some 20 years in Germany and have

recently been constrﬁcted by several industrial concerns in the United States,
Not only the eniironma1tal, but to a greater degree, also, the occupational

inhalation of dust, soot and fumes produced by the incomplete combustion of

" coal results in the development of a socot lung, cclled bituminosis, which is

characterd zed by the deposition of finely dispersed carbon particles contami-
nated with hydrocarbons normally contained in coel iﬁr in the interstitial
lung tissue (Hﬁbner; Gartner and Brauss), Roentgenologic changes mey appean
in the lungs after many years of exposure to high concentrations of scot in
the air inhaled. While the pulmonary deposition of small to moderate amounts
of soot in the lungs, such as commonly found in inhabitants of industrialized
fegions, does not elicit any appreciable fibrous proliferations, massive
storagg of soot particles in the lung tissues may finally'be associated with
an inorease of the interstitial connective tissue and with pseudoglandular
formations of peribronchial alvecli,

The human evidence relating exposure to coal tar dust and fume with an
increésed 1liability t® cancer of the lung is equivecal. Kennawey and Kenmaway
stated that "ecoal tar in the atmosphere, whether derived from roads, domestio
chimneys, or any other soufce, does not cause an exceptionally high incidence
of cancer of the lung," A similar statement was made by Hugcunenq and by
Hustéd and Biilmann in regard to thc liability to cancer of the lung for
workeré employed in the tar industry and in the construction and maintenange
of tarred roads, McLaughlin did £ot find any lung cancer among 3,859 foundry
workers subjected to clinical and xpréy examinations, although there were
three (3) deaths from lung eancer aﬁong 6A'deaths of all causes, Menz re-
cently reported that of 93 workers in Swiss gas plants who died during the
1926 to 1946 period, 21 or 22,6 percent died from cancer of all sites, thersby

confirming previous English experience that workers of tar and piteh opera-

tions have an excessive liability to cancer in general, Isolated observations




-80 - _

of lung cancer in workers exposed to the inhalation of tar fumes were made
by Koelsch (blacksmith, tar worker), Rodenacker (brlquette factory worker),'
Mullschiteky (tar worker).

This predominantly negative information contrasts sharply with observa-
tions made among Jépanese generator gas oven workers employed in steel
plants and among gashouse retort workers in Canada (Kawahataj Kuroda and
Kawahata; Cruickshank). The Japanese investigators found within a six (6)
year period, 21 cases of lung cancer among generator oven workers who were
exposed to the inhalation of hot tar fumes when stoking the coal, An cx—
cegaive lung cancer rate was absent among workers employed in other parts of
the steel mills, The general incidence of lung cancer among the generator
gas workers was five (5) per 1,000 workers employed, Seven (7) of these 21

lung cancers occurred in workers 40 years or younger (33 percent, against

18 percent, in cryptogenetic lung cancers) (Hueper)., The exposure time

‘varied from nine (9) years to 23 years, the average being 16.6 ycars, Simildg

-

observations were recently made among Canadian goshouse workers, Of 14 cases
of cancer among retort house workers, six (6) were due to canecr of the lung,
one (1) to canter of the larynx and one (1) to cancer of the ethmoid sinuses
(57 percent cancers of the upper and lower respiratory tract).

It is likely that similar lung cancer incidence ratés.may exist among.
American tar workers, Fdllowing a visit with a tar disﬁillery where, among
the 30 workers during an eight (8) year period, some 25 skin cancers and
more than 80 pitch warts had becn observed, there was found one (1) caée of
lung cdncer. Subsequent inguiries made by company officials brought the
number of lung cancers in this and other tar operations to six (6) casas of
canger of the lung,

From the evidence available it ~ppears that the inhalation of tar fumes
sustained by workers of.certain operaﬁions ‘coke ovens, generator gas.plénts,
gas plants, tar distilleries)'seem to have an =xcessive liability to cancer

" of the respiratery tract, It is not unlikely thét a more thorough and

A~
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competent analysis of the death records of other worker groups, which have
so far been found to lack such tendeneies, might extend the types and
number of tar and pitch workers having an abnormally high respiratory cancer
rate, |
¢, Petroleum, Shale 0il and Natural Gas

The carcinogenicity of ccrtain high boiling fractions of petroleum and
oil shale as well as of the combustion products of some of these petrolcum
derivatives, oil shale and natural gas, h&ve definitely been demonstrated
not only on e#perimental animzls but also on workers developing cancers of
the skin after prolonged contact with these agents (Leitch; Brockbank and
Stopford; Scott; Southam; Twort and Fulton; Twort and Twort; Volkmann; Smith,
Sunderlénd and-Sugiura; Woodhouse and Irwin; Cruikshank and Squire; Auld;
Henry; Schamberg; Hayhurst; Heller; Haagensen; and others), Known carcino-
genic chemicals, moreover, have been isolated from these petrﬁleum deriva~

tives.as well as their eombustion products (Berenblum and Schoental; Fischer,

Priestley, Eby, Wanless and Rehner; Falk, Steiner, Goldfein, Breslow and

Hykes; Wdllerj Rehner),

In addition tolskin contact ;ith carcinogenic petroleum derlvetives many
workers are also expoSeQ.for occupational reasons to an inhalation of oil
mist or fumes (workers in paraffin pressing operstions, certain groups of
oil refinery workers, spinners, metal lathe workers, foundry workers,
metallurgical workers, printers, ete,), In spite of this established occupa~-
tional respiratory exﬁosure to petroleum and shale oils, there is not a singlé
case of oil pneumonia among such_workers on record, although such ccnditions
have rather ffequently been observed after yrepeated medicinal instillatjons
of miners]l oil containing nasal drops (oil aspiration pneumonitis or paraffi-
noma of the lung) (Schneider; Roasier and Buhlmann; Kaplanj; Ikeda; Graef;

Gaertner; Camon and wash;'Cennon; Bodmer and Kallos; Young, Applebaun and
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Waséennan; Berg and Burford; and others), In fact, two (é) cases of cancer
of the lung apparently developing on the basis of a'medicinal mineral oil
pneumonia have been described (Wood; Sante),

The occupational evidence available or published on this aspect is rather
scanty and in part controversial. Kennaway end Kenﬁaway found a relatively-

ﬁigh ratio of laryngeal, but not of pulmonary cancer in mulespinners, who

~ inhale é mist of the carcinogenic shale oil lubricating the spindles, Southem

noted thot mlespinners occasionally devclop multiple primary cancers involving

the stomach or the lung in addition to cancers of the skin, 3cott, on the

- other hand, stated that he had not obserwved a single case of lung cancer among

shale oil workers.

Huguenin, Fauvet and Bourdin, who analyzed a series of 112 lung cancers
for possitble etiologic factors, found that 18 or 16 percent werc metallurgical
workers exposed to the inhalation of nebulizéd lubricating and cgtting oils,
eight (8)-were chauffeurs, five (5) mechaniecs andIOne (1) was an engineer,
They concluded that their observations indicated zn excessively high fre-
qﬁeﬁcy of lung cancer zmong workers exposed to vaporized or nebulized lubri-
cating oil, While the study of Gafafer and Sitgreaves on cancer morbidity

.and mortality among the male employecs of an oil rcfining company did not
reveal any abnormal liability of the mcmbers of the occupational group to
cancer of the lung, this judgment may have to be revised at least for certain
types gf refinery workers according to more recent and scrutinizing observa-
tions. Roesch observed three (3) primary cancers (skin, stomach and lung) ina
paraffin worker, Touraine and Bour also attributed the development of pul-
monary oancer among cer£ain:worker-gr6ups to lubricating oil mists, Sueh
exposure condifions may account also for the excessive lung sancer mortality
among male metal grinders observed by Turmer and Grace,

Since soot as a waste or commercial product has been found to be carcinogaﬂs'

and to contain known carcinogenic hydrocarbons, a thorough and competont survey
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of occupational groups particularly exposed to the inhalation of soot
(operating railroad pe:rsonnel, stokers, carbon black manufacturers, rubber,
paint and ink makers, painters, soot bumers, printers, Diescl engine drivers,
electrode manufacturers,. s-nmdge pot operators, phonographic record makers)
(Gallie) is an urgent necessity, The negative conclusions reached by Ingalls
as the result of a survey of the carbon black industry are based on evidence
of dubious merits, because only 79 of the 677 evaluated workers have been
employed for 10 years or morc in the industry., Since the majority of known
occupational lung cancers have an average latent period of over lb years,

his conclusions are actually based on 79 living and active workers. It stands

to reason that an analysis of the death records of former carbon black workers

may have told a different story, especially if the diagnoses were basec on
autopsy findings, Such investigations would also add to our .knowledge as to
the existence, extent and type of bituminosis which might be expected to

exist in workers inhaling finely dispersed scot particles, (-

Comments on Réspiratory Aromatic Hydrocarbons
At the present time, exposure to tar, pitch, asphalt, heavy fuel oils,

lubricating and cutting oils, scot from domestie furnaces, incinerators,
industrial power plant;s, oil refineries, steel plants, metal smelters, carbon
black factories, oil dumps, »nd smudge pots, a2s well as to the effluents of
Diesel and gasoline engines represents the most widespread occupational and
envimmental eontact with carcinogenic material., The speeific carcinogenic
agents contained in these carbonaceous matters are certain specific aromatie
hydrocarbons, which not infrequently are attached to carbon particles giving
rise when inhaled to bituminosis or anthracosis or they are constituénts of
oily matter which when inhaled and retained in the lungs cause oil pneumonia |

or paraffinoma of the lung,

Since pure anthracosis is not. causally related to cancer of the lung,

the pneumoconioses accompanying respiratory carcinagencsia-hy aromatic
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hydrosarbons do- nét play a primary and essential role in this process,
although f.he pneumoconioses may lower the intensity and prolong the duration
" of the effect of the spécific carcinogenic chemicals on the lung tissues,

Sinee our civilization and economical life has been built around the
procuction and use of the basic carbonaceous substances and their derivatives,
it does not seem feasible to attain complete protection against exposure to
these carcinogenic chemicals with the prevc;ntive and prophylactic engineering
and sanitary measures practical and economical at the present time, There is,
however, no doubt that a great deal remains to be done in this respect and

(' that we are still rather far-t.-emoved from having the maximal amount of possihle
~reduction in c¢xposure to the respiratory cancer producing hydrocarbons con- |
tained in the various carbonaceous substances mentioned,
D, Relation of Inhalation of Racioactive Agents to Respiratory
Canger . = . ..

Up to some ten yezirs ago, occupatiqnal exposufe to radioactive zgents was
limtted to relatively small groups of industrial and professidn.a.l workers
(miners and refiners of radioactive ores, industrial and medical consumers of
radioactive substances (gas mantle manufacturers, luminous dizl peinters, radio

( tube makers, physicists and their assistants, radiologists and their agsistants),
Since the advent of successful atomic fission and the ready production of
synthetic rodioactive substances the number and variety of individuals who
have occupational contact with radioactive matter have rapidly and greztly
inereased (ursnium and thorium ore miners, smelters and refinery workers,
atomic energy plant employees, military personnel, agricultural, biologie,
medical, chemical, metsllurgic, oil, phamace_utical and other industrial re-
search workers employing radioactive isotopes as well as operators handling
directly or indirectly such materials or technical devices giving off ionizing

radiation (radioactive static eliminators (Silson; Berman and Ernest; Bryan
‘and Silverman), sewage disposal workers, paper and textile manufacturcrs, ete.).,
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It is an established fact that cancers of the skin, comnective tissue,
bone and blood fornﬁ.ng organs have resulted from excessive exposures to
radioactive substances affecting the organism or parts of it by various routes.

There exists a great deal of highly suggestive, if not conclusive epidemiologic

~and experimental evidence relating an occupational inhalation of radioactive

dust and gasseé to the development of pulmonary cancers, Although excessive
medicinnl and occupational exposure ’oo :lonizi:ﬁg radiation (radium, x-radiation )
alone may produce in man and experimental animals a fibrosis of the lungs
(Kalbfleisch; Doenecke; Belt; Bergmann and Graham; Engelstad; Warren and Gates;
Leach, PFarrow, Foot and Wawro; McIntosh; Warren and Spencer; Widmannj; Bauer;

Bauer and Schraer; T(')'nges and Kalbfleiséh; Freid and Goldberg), occupational,

_ eprsure to radioactive dust é.nd gases has often been complicated by simul-

tanaous inhslation of dust containing various metals (chromium, nickel, ironm,

~arsenic, cobalt) as well as silica, Fulmonary cancers observed among radioe

active ore mincrs, therefore, have been complicated in an appreciable number
of cases by silicosis of a minor to moderate degree,

It i.s for these freasons that the radioactive genesis of the cancers of
the lung noted among these miners as wsll as among uranium and radium refinery
workers has been doubtéd by some investigators, who felt that one of the
various nonradioactive metals or the silicosis represented the main causal or
an important contributory agent (Schinz; Lorenz; Schmorl; Rostoski and Saupe)
or that the available evidence did not provide absolute proof of a radiocactive
genesis (Lacassagne), Several investigators felt that the lung cancers among
the radioéctive orc miners in Schneeberg and Joachimsthal were principally
attributable to a hereditary pmdispoéition c.reated by inbreeding of the mining
population (Macklin and Macklinj Lorenz; Vesin), |

The '"mala metallorum" causing death at an eérly age of thc miners in the

ore mountains of Saxony was first dcsexibed by Agricola during the early part
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of" the sixteenth century,' and was, sUbseQueﬁtly, mentioned by other in-
Vesfigators (Henckel; Scheffler; Thiele), However, it was not wntil 1879‘
that its malignant neoplastic character was correctly recognized (Haerting
and Hesse), This Judgment was, subsequently, confirmed by Cohnhein; Aucko;
Arnstein; Uhlig; Risel; Sclmorl; Beyreuther; Rostdski, Saupe ancl"Schmorl;
Lange; Neitzel; DOhnert; Baader; Teleky; Hueck; Rostoski and Seupe and
Schmorl; Thiele; Weber; Koelsch; Lindemann; Doubrow; Brandt; Brezinn, Al-
tﬁough the uminers of the uranium ore mines in Joachimsthal (Czecposlove.kia)
also ue’re suffering from .a fatal lui'xg disease similor to that observed among
the cobalt ore miners in Schneaberg, Saxcny, it was not until 1926 that the
cancerous nature of the pulmonary disease among these miners was recognized

(L8wy). Additional confirming evidence was provided later by Beutel; 2Ziel;

~ Sikl; Saupe; Peller; Pirchan and Sikl; Baader; Behounek and Fort,

Evidence supporting a radioactive origin of the lung cancers among these
two groups of miners was provided by the observation of lung cancers among
employees of radium refineries and radium laboratories. Lowy reported the
ocecurrence of two (2) such cases among the workers employed in the labora-
tories of the Joachimsthal mines, where the ores are refined and the purified
material is tested. One of the cases had chronic radicdematitia, leukemis and
lung cancer, A similar observation was recorded by Teleky and Neitzel in a
Gemanlteclmici_.an of a radium laboratory, The cancerous lung was found to be
padiosctive, Four (4) cases of lung cancer have recently been observed, ;
according to Baader, among the workers employed in the radium ore processing
plant in Belgium, where the occurrence of such complication were previously
sald to be absent (Maisin, citing Deiaet). Perhaps the development of a
bilateral alveolar corcinoma of the lung in a woman 16 years after the intra-
venous injection of 75 ee. of thorotrast may also supply suggest.ive evidencec
by the medicinal use of radioactive material errested in the lmé. Mention

may also be made in this connection of a report of Martland relating the
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ocourrence of = cancer of the ethmoid cells in a luminous dial painter,
because dial painters hot only ingested radioaetive material which became
deposited in the bones and produced there tAe development of osteogenie
sarcomas, but they also inhaled this matter which, thus, may have produced
the carcinoma of the péranasal sinus,

The four (4) cases of cancer of the lung reeently reported in an ig-
dustrial pepulation at an atomic pile site, hpwever, are definitely not
causally rclated to any specific radioactive exposures sustained by the
wérkers_coqcerned because of an insufficiently long exposure and latent
period‘(Love). The argument that these workers were, in part, not directly
concerned wj.th redioactive materisl carries, on the other hand, littlc wr
weight, as they had, doubtlessly, at times, environmental comtact with such
materisl when the meteorologic conditions were unfavorable for the ready di-r
dispersal of radioactive wastes at this particular operation,

In favor of an oecupational end radicactive origin of the'lung‘canccrs
among the Schneeberg and Joachimsthal miners is, moréover, the fact that the
excessive 1linbility to pulmonary ncoplasia is limited to the workers empldyed
underground and is absent among the workers employed above ground, as well as
among the population at large of Schneeberg and Joachimsthal, including the
employees of the cobalt pigment plant using the Schneeberg ores (Beuer;
Schmorl). An excessive lung cancer attack rate, also, has not becn found
among the miners of the nearby Johann Georgenstadt region where the mines
have a low radicactivity, There is, furthermore, no valid evidence on record
that minérs of arsenic, chromium, nickel, and bismith containing ores are
affacted by lung cancers at a rote e§en remotely approaching that scen among
the two (2) radioactive ore miner groups. |

The attack rate of lung cancer among the Sehneeberg miners has consistently :

been between 75 and 80 percent since 1879, while that of the Joachimsthal
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miners has been stated to range from 40 to 50 percent, although this inci-

dence rate my be too low considering the recent statemént of Baader who

noted that during the period 1939 to 1943 a total of 180 cases of lung cancer
were acknowledged .-as compensable occupational diseases and that in 1929 there
were only 323 miners employed at Joachimsthal. Considering the fact that the
exposure and latent-period of lung cancer in Joachimsthal miners ranges from

13 to 23 yeérs, it may justly be assumed that these lung cancer cases origi-

nated in a miner population of approximately 300 to 400 members working at

~  these mines between 1920 and 1930, The exposure and latent period at

~. Schneeberg is stated to vary from 15 to 18 years for the majority of the

cases, but to be occasionally as short-as seven (7) years (Baader; Rajewsky,
Schraub and Kahlau).

The total number of Schneeberg miners who have died from canoer of the
lung between 1879 and 1939, according to available records, stands at approxi-
mately 400, while the number of Joachimsthal miners who fell victim to this

disease has reached 225 (1926 - 1943). An appreciable number of these miners

died at a relatively early age from lung cancer as evident from the data

" given in table 14, showing the definite shift toward younger age groups,

Measurements of the radicactivity of the Schneeberg and Joachimsthal mines
have demonstrated that in both places, mine air and dust have an excessive
degree of radioactivity surpassing many times the maximal tolerance dose
(Joachimsthal 30 times (Peller)) (Behounek; Behounek and Fort; Tschelnitz;
Ludewig and Lorenser; Lange; Rajewsky; Stocklasa), Humphris suggested that

the recent introduction of pneumatic drills into these mining operations

aggravated the hazard by inercasing the production of fine particulate dust

containing'solid radium,

Repeated éttempts have been made to produce cancers of the respiratory
tract in experimental animals exposed ifo the inhalation of radium emanation
and/or radioactive mine dust (Schmidtmann; Lowy; Campbell; Dghnert; Kahl au;
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Rajewsky, Schraub and Kahlau). Schmidtmann obtained neither pneumceconiosis
nor pulmonary cancer in an1ma1s-exposed for two (2) years to the inhalation
of Schneeberg mine dust collested from drill holes, Campbell, on the other
hand, reported that mice inhaling dust of Czechoslovak pitchblende displayed -
a simificantly increased number of pulﬁonary'tumors. In experiments of
Dohnert and Hueck, mice were placed in cages within the mines, Some misze de-’
véloped moderate chalicosis, while pulmonary and mediastipal tumors (adenomas,
round cell sarsomas) in ‘addition to an occasional squamous cell metaplasia of
the alveolar epithelium were secn in -an "abnormally" hizh percentage of the
exposed animals, However, the actusl number of affected animals was small,
and the interpretation of the results as to their significance, therefore, -
difficult, Kahlau and Rajewski, Schraub and Kahlau subjected mise to the in-
haiatiqn of radon. Many of ﬁhe animals developed bronehial lesions characterized

by an atypical epithelial lining as well as pulmonary adenomas (in seven (7)

of 12 mice of the test series against one (1) in the control series). While -

they concluded from this evidence that the radioactive origin of lung caneefs'
in Schneeberg and Joachimsthal miners was confimed, it seems to be aavisable
to consider the evidence obtained by these investigzators as highly suggestive
but not conclusive because great variations in the incidence rate of lung
tumors occur among different grbups of mice belonging to non-inbred strezins..
However, some obscrvations cohtradicting this conclusion have been re~

ported by Lorenz, Heston, Eschenbrenner and Beringer as well as by Henshaw,

| Riley and Stapleton., Both groups of investigators found that mice exposed

to ionizing whale'body radiation revealed in additinn to léﬁkemia and ovarian
tumors little, if any, inerease in the number of pulmonary neoplasms, Of
greater signifiecance in this connection are the findings of Lisco end Finkol,
who foﬁnd in rats inhaling an ae;osol of radiocaetive qerium,métaplastic and

neoplastic proliferations of the branchial epithelium., Similar results wers

4




obtiined w@th plutonium brought into the lungs of rats, Since uraniuﬁ ore -
miners inhale nct only_radon and radium dust, but also uranium which may be
retained in fhe lungs, Hueper, Zuefle, Link and Johnson injected metallic
uranium powder .dispersed in lanolin into the pleural and femoral cavities of
rats and obtained sarcomas at the sites of injection in 13 or 24 percent of
the 66 rats used, Evidence thus produced shows that focal accumulations of
uranium which is an elpha-~radiation emitter may exert e cancerigenic action
upon. the surrounding tissues, but it doeé not discriminate betwecen the in-
fluence of;metal toxicity per-se and radicactivity in the genesis of these
N lesions, |

From =~ critical evaluation of the epidemiolegic, clinical and experi- .
; mental evidence ‘availsble, it aprears that.a prolonged inhalation of redio-
L active gnses and/or dust may elicit in man pulmonary cancers (Martland;

Evons), In commenting on the production of lung cancer by atmospherie car-

cinogens, an Iditorial (Lancet, 1952) remarked, "radioactivity of Joachimsthal
ﬁines is stated to be thirty times the tolerance dose. It is scarcely sur-
prising, thercfore, that in the past more than half the miners died of lung
cancer," It stands to reason that this effect on the lungs of workers will
(:; prevail wherever similer cOpditions of exposure to randioactive gases'and dust

exist, The exceésive suicide rate observe& in the past among the miners in
Joachimsthal (Sikl)'reflects aptly the human misery produced if such hazardous
working conditions are permifted to persist, _

While there thus can be little, if any, doubt of the principal role of
ioniiing radiation in the production of lung cancers smong radiozetive ore
‘mincrs and similarly exposed ocoupational groups, some comments on the possihle
significance of pneumoconiosis in eliciting or modifying this effect wey be

indicated,
Reports on the occurrence of pneumoconiosis among the miners in Schneeberg
\\\\\ and Joachimsthal are contradictory, While Schmorl as well as Rosteski, Saupe
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and Schmorl in their early reports (1936, 1928) noted that Schneeberg miners
suffer from more or less intense anthracosilicosis and that this condition |
waé causing or favoring.the deveiopment of the bronchial cancers, Rostoski
and Saupe stated in 1930 that pneumoconiosis was usually not very extensive
in lungs with cancer, Because of the relatively -slow course of the pulmonary
tumors, they felt that pneumoconiosia may slow the intrapulmonary growth of
the tumors, Hueck, on the other ﬁand, remarked that silicosis does not re-
pregent a precanecerous cordition for ﬁzaSchneeberg lung cancers. Some of the
miners had silicosis but not lung cancer, while others had lung cancer but
not silicosis, ..

Similar discrepancies seenm to prevail éoncerning the Joachimsthal miners,
Ziefl in 1935 repérted that marked silicosis among these miners is quite
frequent and that ashed lungs contain large amounts of silicon oxide, Pirchan
and Sikle, on the other hand, maintained that no pneumoconiosis could be
fdﬁnd in spite of an abundance of pneumatic'drilling and that pneumoconiosis
has no role in the production of the lung cancers, This opinion was shared
by ngy. Sikl in his most recent comrmnication on the subject stated that

~some degree of fibrosis suggestive of silicotic origin could, of course, be
seen in the lungs carrying cancer, and there were single cases of outspoken
sllicosis combined with canﬁcr; but on the whole, silicosis was not a
prominent feature in cases of cancer, on the other hand, the lungs most

“heavily affected with silicofibrosis being generally free from malignant
growth, Behounek and Fort ncted that pneumoconiosis was recorded as cause

- of death in only 8.2 percent of 63 mihers who came to autopsy between 1929
and 1938, This statement contrasts étrikingly with the observations made

by Saupe during a chest x-ray study of 398 Joachimsthal miners conducted in
1939, He found that 43.4 percent of thesé miners presented roentgenologic

evidence of pulmonary silicosis,. However, silicosis was of minor degree

among the seven (7) minces who were suspected of having pulmonary neoplasms,
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Although the data are in part contradictory, it seems that silicosis._
does‘not prlay any significant rélelas a direct or contributory cause of
cancer 6f the lung among the radiocactive ore miners in Schneeberg and
Joaéhimsthal. Whether it has an antagonistic effect upon the eancerization
process or modifies the course of the established cancer remains probe
lematical, |

Finally it may be mentioned that tﬁese lung cancers vary a great deal in
histologic structurc, many were squamous cell carcinomas, others, round cell

or anaplastic careinomas, while a few were of adenocarcinomatous type. The

. radiocactive lung cancers, thus, follow in this respect the pattern set by

811 other occupational cancers, The same environmental carcinogenic agent ° .

is oapable of eliciting = great variety of cancers, although all of them

‘originate from the identical tissue matrix.

Comments on Respi#atory_Radioactive Cancer
"~ The rapidly growing pfoductigh and use »f radioactive material and thereby
conditioned incressed potentiality of inhalation of radioactivc gases and
dust for certain occupational groups‘and possibly, also, for pafts of the

general population determine the scope and significance of respiratory canocr

hazards which may result from such exposures. Since the attack rete of lung

cancer from this source is vory high according to past experience with miners

of radioactive orcs, a competcent assessment of the degree of exposure to
radioactive dust, mist and gases by worker groups and neighborhood population
is esscntlal wherever radiosctive material is produced or handled, The
availablc information  supports the vliew that the simultancous inhalation of
siliceoué dust causing the devclopment of a siliecsis 1n dindivicurl> mindne

or processing radicactive ores does not represent a condition which favors

' the production of lung eczncers or fundamentally modifies their course once

they have become established,
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‘Eh Relation of Vegetable Dﬁst Pneumoconioses to Cancer of the
Respiratory Tract

An appreciable number of occqpational activities of varied types are
associated with an exposure to vogetable dust (tobacco, cottom, hemr,
eisal, sugar cane, wood, paper). Some such contacts elicitnpneumoconintic
changes.' Inhnlation of cotton dust given off in preparing the cotton for
spinning and weaving causes a’prﬁgressive fibrosis of the lung in reaction
to the inhaled and retained cotton .fibers (byssinosis) (Bolen; Thiry;
Caminita, Bawm, Neal and Schneiter; Lenze), Pulmonary fibrosis, likewise,
mey follow upon a prolonged exposure of dust generitcd frbm the handling of
sugar cnne residue used for thé production of fiber bocrd (bhgassosis) .
(¥anas; Gerstl, Trager and Szczcpanick; Casteleden.and'Hnmilton—Paterson;
Silsoh; Lanza), The posibility of a carcinogenic action of these vegetable
fibers on the lung tissues has apparently not been considered nor have any
cases of lung cancer among such -workers been reported,

The inhalation of dust from dried tobacco leaves, on the other hand, hes
received some attention in this respect, although the actual existonce of
a fibrosing tobaceo pneumoconiosis (tabacnsis) is rontroversial (»ro: Zenker;
Boemke; Palitsch; contra: Long; Gross; Krucgcf, Rostoski and S~upcs Pencoast;
Miller and Landis; Landis, Funk, Smyth and Miller)., In considuring thesc
claims, it shculd be noted that workers handling dried tobacco leaves not
only have contact'with-the,powdered vegetable matter bf the tobacco leaf,
but also inhale silica containing soil dust, nicotin, arsenical insecticide
rcsidueg, and soot }rom the drying and curing procedure secondarily con-~
tamineting the leafes (McCormick, Smith and Marsh).

The claim that persons exposed to the inhelation of tobacco dust exhibit

an excessive 1iability to lung cancer is partly based on epidemiologic

.evidence =mong German and Indonesian tobacco workers and ecigarctte manu-

facturers (Enzer; Rottmenn; Scyfarth; Brinkmann; Kouwenaar; Koelsch), in’
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part it 'is supported by observations made in connection with the high inci-
dence of oral cancer among population groups indulging in the chewing of
quids containing toﬁacco (betel quidechewing tobaeco (1lit, Hueper; Wynder;

Friedell and Rosenthal; etc.). . Although the evidence supporting a carcino-

- genle effcet of inhaled tobacco dust upon the respiratory traot is at present

only mildly suggestive, the strong evidence of such an action on the oral
mucosa when tobaceo is chewed, is an indication that serious efforts should
be made to establish reliable factual evidence whether or not similar rela~
tions exist when tobacen dust is inhalcd and asts upon lung tissue, Such
investizations apbeér to be espééially urgent, in view of the fact thaot
recent cexperimental observations indicate that alkaloids as well as aliphatic
polymers derived from cellulose possess carcinogenic properties,
7. Relatién of Animal Dust Pneumcconioges and éf Fibrosing
Pulmonary Parasitic Diseases to Cancer of the Respiratory Traet

Nothing is known whether workers engaged in the production, processing

and oleaning of silk, wool and hair, and the various goods, made from these

animal fibers, and thus, exposed to varying degrees to the inhalation of
these preteinic macromolecular polymers have any excessive liability to
cancer of the lung. While the occurrcnce of cancers of the skin among
textiie workers using such fibers has oceasionally becn reported, the
sausation of these lesions has justly been attributed to contaet with
carcinogenic lubricating oils,

In view of'the repeatedly reported abnormally high lung cancer inecidenoe
among painters, it is of interest to mention briefly that the inhalation of
shellac, a basic constituent of various iacqners, and oil and spirit
varnishes extensively used in industry as finishing substances and often
applied as a spray, has resulted in the development of a chronic indurative

progressive fibroblastic pneumonia (Hirsch and Russell). Shellac is a natural
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resin:bf insect origin:and before purification contains-lac dye dnd wax,

' Mﬁst of these impurities except wax are removed in processing the shellac;
Somc_evidcnce fnvors'the view that the component resins of the original lac
are bound together in a complex fomm or a weak chepical linkage (Bhattacharys).
This_relationship is destrﬁyed dufing'purification and the pure lac'resin
consists of hydroxy acids of the aromatic and aliphatic series joined tcgether
by lactone and various internal ester linkings,
| Although piinters and cabinet makers are exposed during their occupational
activities to many other chemicals, some of known carcinogenic nature (solvamg,

(éb. oils, resins,'plagtics, pigments, waxes, paint removers), it may be wise to
include shellac in any future considerations of the possible causes of the
excessive iigbility of members of this occupational group to lung cancer.

Among the various parasitio infections of the lung which are associated
with locallzed or diffuse fibrosing changes in this organ, tuberculosis

. stands in first placé. In fact, during past decades, pulmonary tuberculosis,
particularly tubérculous cavities and bronchiectases, were regarded by some
investigators as a frequent cause of cancer of the lung (Ewing; Kraft; Fried;
'Derischanoff; Larson; Moore and Neal; Moore and Schmeisser; Ssipowsky; and

(; . others), The coaxistence and possible causal, antagonistic or fortuitous
relatioﬁship of tuberculosis and caneer of the lung has been the subject of
numerous.investigations (Hueper; Marx; Cohen; Munteau and Amon; Schwartz;
Robbins and Silvefman; Hambly). The possibility of a causal relationship
was suggested because cancer seems to develop with unusual frequency in
tuberculous lesions of the skin (lupus) (1it, Hucper), The great majority
of investigzations, however, does no£ support the contention that the various
chronic inflammatory and fibrosing processes associated with pulmonary
tuberculosis causes or favors the development of cancer of the lung (Fried;

Brymalski and Sweany; Attinger; Olson; Hambly; Vinson; Symmers; Walzer; and
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others (see 1lit, Hueper)) and indicates that the coexistence of these two

.conditions is fortuitous, This conclusion is supported by the fact that

sancer of the lung has become in recent years much more frequent, while

pulmonary tuberculosis, during the same period, has shown an opposite trend,

Cancer of the lung, on the other hand, is of great importance for differentisl

diagnostic reasons, since the number of cases in which tuberculosis and cancer
of the lung coexist appears to be increasing (Gerstl, Warring and Howlett),
Cancer of thec lﬁng may symptomatically simulate pulmonary tuberculosis
(Siltzbach; Bergmann, Shatz and Flance; Hembly).

' The causal relationship between schistosomiasis of the bladder and caneser
of this organ is a generally acknowledged fact. Less certain is an etiologic
connection between cancer of the eolon and reetum and schistosomiasis of -
these organs, Although schistosomiasis of the lung is not infrequently ob-
served in regions in whicﬁ this parasitic disease-ia endemic (Egypt; North,
Cenﬁral and South Afriea; Central and South America; West, East and South
Asia) (Erfan; Gelfand; Mainzer; Shaw and GhareebyCewstanpliright,et =i,;Clark: and
Graef; Koppisch), the ultimately developing pulmonary cirrhosis apparently
has not given rise t§ cancef of thé Jung as far as the published records
indicate, ‘ |

'The available evidence, ﬁhus, apparently shows that the inhalation of
animal fibers or the presence of parasites and their metabolie products in
the lung does not result or favor the development of cancer in this organ,
It cannot be maintained, however, that the quantity and quality of data
existent on this subject should make thié conelusion definite,

" G - Relation of Various Bacterially or Chemically Induced Chronie

Inflammatory Processes to Cancer of the Lung
Although many noxious gases, vapors and fumes do not accumulate in the

lungs on prolonged exposure, they may elicit chronic inflammetory processes
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of more or iess diffuse or localized character (chronic bronchitis,
bronchiectases, chronic chemical pneumonia, cavitation). Océasionally, suéh
exposures and their ahatémic effects upon parts of the respiratory tract have
caugally becn relnted to cancers subsequently developing in the injured and
inflamed tissues. |

Birkholz asserted.that a laryngeal carcinoma was caused by an inhalation
of benzine*ﬁetroleum vapors over a period of three (3) years., Commenting on
a similar claim of Nikoloff that the inhalation of benzene vapors was re-
sponsible for the production of a2 pulmonary carcinoma, Koelsch stated that
benzene snd its homologues do not exert a specific carcinogenic effect upon
the lung tissues, It is, however, uncertain whether or not this statcment
applies without any exceptions to 21l orgnnic solvents and solvent vehicles;
since somc of these agents have elicitcd cancers when applied to the skih of
mice. Although repeated. exposures to formaldchyde fumes, sﬁch-as those sus-—
tained by manufacturers of certain plastics, eﬁbalmers, makers of ccertain
deodorizers, mry cause chronic bronchitis (Wyss) and despite the fact that
formaldehyde has recéntly been shown to be a mutagen (Auerbach), therec does
not exist -any valid evidence indicating that this chemical also is a respira-
tory carcinogen.,

Claims have repeatedly been advanced cbncerning carcinogecnic effects pro-
‘duced by the inhalation of alkaii and acid fumes upon varinus perts of the
respiratory tract (larynx, lung) (Kikuth; H&nermann; Bet¥z). A highly doubt-
ful significance of such isolated occurrences is indicated by the fact that
Koelsch did not find a single case of lung cancer when studying lerge series
" of manufacturers of inorganic acids‘(sulfuric,.hydrochloric, nitric acid)
and largc scalc industrial users of thesc chemicals (chemic-l. mehallurcie,
and graphie iﬂdustries)§ Likewlse, there is no evidence that the pneumo-

fibrosis observed in-a high percentage of Italian sulfur miners causing
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peribronchial as wcll as micronddilar fibrotic lesions associated with
bronchicctases increases the liability to cancer of the lung,

Following the first World War the alleged earcinogenic aation of war zas
poison;ﬁgs has played a conspicuoué-role among speculations as to the cause
of the rising number of respiratory eancers, Polsonings by éhlorine,
phosgene, diphosgene, dichlorethyl sulfide, and diglycol chloride was con-
sidered 6né of the major causes in this development by Kikuth; Spamer;
Brockbank; Matz; Denker; and others, . Koeclsch conceded that a few cases of
lung carcinoma exhibited a doubtful etiologic relation to war gas injuries,
Although the chronic effects of acute war gns poisonings were obliterative

bronchiélitis.and brénchiolar metaplasia, a connection between cancer of the
lung and war gassing was lacking in the series of pulmonary cancers reportéd
by Berblinger;'Probst; and Simons, Since some of the war gases oontzined
arsenic, while deriﬁativeg of'mnstafd gas have recently been shown to possass
carcinogenic properties for e;Perimental animals, a final deecidion on the
existence of such conhections must at present be held in abeyance,

The relative infrequency with which other chronic inflarmatory and
cicétricial pulmonary lesions, espécially bronchiectases, of nonspecific, and
in part troumatic nature, appear as alleged direet or indirecct eauses of

bronchogunic carcinomas'(Schwyter; Friedrich; RSssle; Mangelsdorff; Woodruff

and Nzhas; Weller; Plazy; Gouriou and Germain; Dahlmann; Wells and Cannon;

Pilgersdorfer; Luckow; Gomez; Fischer-Wasels; Fischer and Fenster; Gillespie;

Bourret and Fraisse; Rospide; Konwaler and Reingold; and others), indicates
that chronic irritation (Berenblum) as such does not. represent a direct and
priméry czusce of camcers of the reépiratory tf&ct. The validity of this
general conclusion is apparent from the total evidence presented,

It may be eoncluded that pneumoconioses of benign or progressive type

as well as' pneumofibroses resulting from the inhalation of noxious gases,
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vapors and fumes not retained in the iungs or from bacterial or parasitic
pulmonary infections of occupational or non-occupational origin do not
exhibit a consistent causal relationship to cancer of the lung,

Wherever cancer of the lung eppears to be etiologically connected with
the inhalation of chemical dusts, fUmes; mists, vapors and gases, sgch
relations are highly selectivé and specific, Since pulmonary cancers are
also elicited by chemical agents which do not produce any appreciable fibros-
ing reactions in the lung, it is most unlikely that these pulmonary changes
represent an essential primary part in the sausative mechaniam of pulmonary
neoplasia, It is quite evident thst the irritetive and carcinogenic proper-
ties of respiratory carcinogens are neither identical nor closely interre- -
lated, and that in this respect, these agents behave like those which cause
cancer of the skin, Only a few of the'akin-irritants are also cutaneous
carcinogens,

Uhile observations in other fields of human and experimental carcino-
genesis indicate that acute or chronic inflammatory processes might set off
or accelerate a cancerization procéss initiated by a specific agent, there is
no eiidence available indicating that such an action is exerted by pneumo-
coniotic reactions upon the development of lung sancer, The average latent
periods of occupational respiratory cancers is about the same for cancers
elicited by all respiratory carcinogens investignted, regardless of whether
they have pneumoeoniotic qualities or not,

Chemoallergic reactions, however, mny be active in the production of
bath fibrosis and/or cancer by some of these agents, The evidence on hadd
does not permit 2 definite conclusion whether the action of a pneumoconiotis
agent or the presence.of a pneumofibrosis accentuates or impairs the action
of a respiratbry carcinogen or has no influence whatsoever on it, It is,

likewise, uncertain whether a progressive pneumoconiosis favors or impedes



- 109 -
the intrapiilmonary and metastatic spread of an established environmental
or cryptogenetic cancer of the lung, although the general evidence available
on this point.would support a hindering effect,
Hs Methodologic and Medicolegal Aspects

It has recently been assertéd that air pollution is not a serious or
critical menace to public health (Lanzg). The evidence presented does not
support the correctness of such a view, Thé industrial hygienist accustomed
to think in temms of toxic concentrations of chemicals in the atmosphere
should become better ~cquainted with the often subtamic or metatoxic concentra=-
tions in which carcinogens can and do act effectively, The possibility of
delayed untoward effects by the prclonged inhalation of atmospheriec poliubants.
éppears to be especially likely, whenever such pollutants exert a cumulative
effect or are readily retained in the body and, thereby, able to perform their
insidious work over long periods of time, The loﬁg, symptom free latent
periods éometimes extending from 15 to 20 years after cessatlion of exposure
to zn environmental carcinogenic agent are striking and convincing proofh
and demonstrations of this fact., This eonsideration applies not only to
industrial products and wastes, but with equal force also to the large number_
of environmentél poisons (pesticides, herbicides, chemical additives to
foodstuffs, cosmetics, 2nd sanitary household goods) with which large parts
of the general population come in daily contaet, Tﬁe recent denonstration
of cumlative storage of DDT, which when given in exccssive amounts to rats,
has produced hepatie tumors, in the fat tissue of unexposed members of the
general population, provides an apt illustration of the poésible existence
-of health hazards'from_such sources (Pearce, Kattson and Hayes).

While it may be difficﬁlt in many instances to supply absclute secientifie
proof, which will satisfy even the biased sceptic, of relationship between

alr conteminents and damage to health (Best), particularly cancer of the
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respiratory organs, such proof can be obtained if competent personnel,
adequete funds and facilities are made aveilable, Past effcrts made in
this respect were scarcely extensive nor always compctent,

Environmental carcinocens behave very much like pethogenic microorgenisms
in producing disease phenomena in only a fraction of the total population at
risk, 4As a rlc, thg number of persons affected depends directly on the
relative potencéy of the carcinogenic agent and on the intensity 2and dur~tion
of exposure to it by the individunls composing the group. Whilé naturally

susceptible indivicuals seem to succumb first and in the presence of a weakly

-

- acting coreinogen may be the only persons affected, the.attack rote may
practically reach 100 pércent of the exposed population, if a carcinogen-is
hizhly potent and the expoéure to it very se&ere and prelonged,

Consideration, also, must be given to the fact that in contrast to the

almost simultaneous affliction of larée numbers of persons by infectious

diseases during enpidemics, environmental and occupational cancers exhibit

in this epidemiology a distinctly endemic pattern, i,c. the existence of an
environmental or occupational cancér hazard becomes apparent only'if effectively
exposed and, thefefore, restricted population groups are analyzed for the
eccurrence, number, site, age and sex distribution of cancers cbserved emong
its members over periods of not less than five (5) to 10 years, .The inclusion
of a large number of unexposed or little exposed individuals who did not ex-
hibit at any time the specific stigmata of an effective econtact, invariably
leads to o dilution and possible obliteration of the actuzl positive evidenee
(Hueper; Hueper and Mancuso), Whenevef occupational cancers are eonsistently
associated with other disease phenomena affecting the same orggn and produeing
symptoﬁaticaliy similar lesions such as cancer of the lung and pneumoconiosis,'
reliable cpidemiologic evidence depends upon the availability of pathologic

diagnoses (biopsies, autopsies) for 21l cases included in the growp <valuated,
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Chest x-ray studies. and cytologic data f;om sputun examination are under
such circumstances of only limited value,
- It is obvious that an efficlent and reliable study of respiratory cancer
hazards-occurring in industry is a complex wndertaking requiring not only
competent investigators and adequate faeilities but also a compnratively

unusual amount of financisl support, A proper appreciation of the ectuality

and scope of the problem among interested parties is of rather reccent date

end so far only a few research institutions have devoted a part of their
work to a study of industrial respiratory cancer hazards, The Trudeau

Laboratories have pioneered in this field and occupy 2 leading place, Be--

" cause of the rapidly increasing importance of respiratory cancers as publie

health problems, the Nationnl Cancer Institute has provided throuch speecial
sancer control srants, financial'assistance to three (3) universities
(Universiﬁy of Pittsburgh, University of Utah and University of Southern
Californ;é) for the establishment of research facilities for epidemiologic
and expérimentél studiés of environmental cancer, particularly cancers of

the reépiratory tract caused by ocbupational and environmental air pollutants,

It is hoped that these units may become within a.few years,-organizatiCns

totally indepehdent from governmental support and may provide interested
private parties 2s well as local health agencies with additional privately
controlled spcelal laboratories, staffed by cancer research.specialists
competent and experieneed in highly diverse and difficult aspects of environ-

mental cancer research, It may be. hoped that with the passing of time, an

- effective and reasonable control of environmental respiratory cancer hazards

may be achieved, which may prove satisfactory and fair to all perties concermsd
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