
MNE B 

/ JOHNS-MANVILLE CORPORATION 
HEALTH, -SAFETY & ENVIRONMENT DEPT, 

LIBRARY 
Punric Heavrun NMosxocrarn No. 36 

0% 

A Quest Into 

The Environmental Causes 
el e Of Cancer 

"’f:"{‘?.;{; Of the Lung 
LY PP X LA EEILINN -, 

~‘“.s o e " 
. ’ 

’ 

UL S, DEPARTMENT or 
HEALTHL, EDUCATION, axn WELFARE 

Penae Heavrn Servicr 

R LA ST N — 

A quest into the environmental causes of cancer of the lung (1955)
ACL Doc 25394 · Page 1 of 62

Published by AsbestosClaims.Law

asbestosclaims.law/library/25394/1

https://asbestosclaims.law/library/25394/1


®y, 

PusLiC HEALTH MONOGRAPHS 
edited and issued by Public Health Reports 

nia, \‘ ” 

2/ 0,.0‘ 

G. St.J. Pernorr 

Chief, Division of Public Health Methods 
Managing Director 

Marcus Rosexnium TarrS. Feian Jaxer V. Fasoare 
Executwe Editor Managing Editor Monograph Editor 

BOARD OF EDITORS 
Eowarp G. McGavrax, NLD., MLP.IL, Chairman 

Chapel Hill 

Gavroro W. Axoerson, M.D., Dr.P.H. Lioyp Frowo, NLD., De.PIL 
Minneapolis Denver 

Marcarer G. Arxsteix, RN, M.P.H. Verxox G, MacKexze 
Washington Washington 

H. Trexorey Deax, DDS, Vicror T Haas, MLD. 
Chicao Rethesda 

Hawwerr L. Dess, ALD., P Basiv C. MacLeax, MDD, MPAL 
Washington New York City 

Mantia M. Evor, ALD, Sc.D. Sewann . Micoen, MLD, 
Washington Warthington 

Harowp M. Frickson, NLD., NLPIL Leo W. Simsoxns, Pu). 
Portland, Oreg. New Hazen, Conn, 

U S, DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
Marion B Fowsom, Secretary 

PUBLIC HEALTH SERVICE 
Lo osarn N Senevie, Surgeon General 

A quest into the environmental causes of cancer of the lung (1955)
ACL Doc 25394 · Page 2 of 62

Published by AsbestosClaims.Law

asbestosclaims.law/library/25394/2

https://asbestosclaims.law/library/25394/2


A quest into the environmental causes of cancer of the lung (1955)
ACL Doc 25394 · Page 3 of 62

Published by AsbestosClaims.Law

asbestosclaims.law/library/25394/3

https://asbestosclaims.law/library/25394/3


The Author 

Dr. Hue per is head of the Fnvironmental Cancer Seetion of the 
National Cancer Institute, Public Health Service, chairman of the 
Cancer Prevention Committee of the International Union Against 
Cancer, and a past president of the American Society for the Study 
of Arteriosclerosis. 

In kis 30 years of clinical, research, and teaching experience, 
Dr. Hueper hax become well known both in Europe and in the 
United States ax an authority on environmental cancer and on 
arteriosclerosis. Ile in the author of more than 200 publications in 
these and related fields, including the book *Occupational Tumors 
and Allied Diseases,” published in 1942, 

wia P 
- 
- 

- 
I 

Public Health Service Publication No. 452 

(Issued concurrently with the January 1956 issue of Public Health Reports, Vol. 71, No. 1) 

Library of Congress Catalog Card No. 55-60064 

Reevived for publieation April 1955 

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON, D. C., 1955 

For sale by the Superintendent of Documents, U, 8, Government Printing Office 
Washington 25, 1), C, « Price 45 cents 

A quest into the environmental causes of cancer of the lung (1955)
ACL Doc 25394 · Page 4 of 62

Published by AsbestosClaims.Law

asbestosclaims.law/library/25394/4

https://asbestosclaims.law/library/25394/4


A quest into the environmental causes of cancer of the lung (1955)
ACL Doc 25394 · Page 5 of 62

Published by AsbestosClaims.Law

asbestosclaims.law/library/25394/5

https://asbestosclaims.law/library/25394/5


Introduction 

To be seientifically acceptable, any theory 
on the etiology of lung eancer must refleet a 
eritienl, balaneed, and competent analysis of 
the entire epidemiologienl, medieal, and ex- 
perimental evidence concerning the types and 
environmental distribution of and contacts 
with all known or suspected exogenous agents 
ineriminated in respiratory earcinogenesis for 

environmental, oceupational, or medienl reasons, 
It is only through such seruting that significunt 
and worthwhile information may be obtained 
as (o the relative role which the various indi- 
vidual respieatory enrcinogens have played and 
are playing in the production of lung cancer. 
The following facts and observations form an im- 
portant and integral part of such an assessment. 

General Epidemiological Considerations 

A real, definite, and progressive increase in 
the frequency of lung eancer stavted in most 
industrinlized countries around the turn of the 
century (tables 1-3), that is, at a time when 
cigarette smoking was still a habit of minor sigr- 
nifiennce (Probst; Berblinger; Grosze, Kalilau; 
Fischer; Lickint), This rise was first clearly 
recognized by pathologists of Central Europe 
during the carly 1020's through a study of 
neeropsy data collected during the first two 
deeades of the 20th century and was subse- 
quently confirmed and elaborated upon by 
Liostatistien] investigations from Amerien and 
Europe which mainly used eancer mortality 
data (fig. 1). 

Published records indieate that this develop- 
ment revenled marked varintions in the time 
of onset of lung enneer, in its relative degree of 
<everity, and in its progression rate for different 
loealities and countries, In Germany, for in- 
sanee, an inerease in the incidence of ling 
caneer was first noted in Saxony and Central 
Germany only. As late as 1931, Fischer re- 
ported that lung cancer represented 113 per- 
cent of all enneers in Saxony agninst 6.6 pereent 
in the rest of Geetny. o Denmark, aceord- 
ing to Clemmesen, n rise i lung eaneer fre- 
quency was stll doubtful during the first three 
decades of the 20th eentury and only beeame 

Pablic Health Monograph No. 36, 1955 

definite after 1930. Similar observations as to 
o late appearance of this increase were made in 
taly. There still exist striking differences in 
the lung ecancer mortality rates of different 
countrics and different regions of the same 
country (fig. 2). In England, for instance, 25 
pereent of all eancers in males involve the lung; 
the corresponding figure for Norway is less 
than 6 percent. 

Similar diserepancies exist for lung cancer 
morbidity rates for different metropolitan arcas 
in the United States as well as for their relative 
progression rates (table 4). Another example 
of the existence of striking regional variations 
in lung eancer frequeney is presented by the 
remarkable differences in lung eaneer mortality 
rates hetween urban-industrinlized arcus and 
rural distriets. This has been demonstrnted 
for England and Wales and for the United 
States, where lung cancer death rates were 
found to be consistently higher in urban areas 
than in rural aveas (tables 5-7, figs. 3 and 4). 
sueli observations have been made in Ohio, 
New York, and Connectieut (Maneuso, MeFar- 
land, amld Porterfield: Levin, Kraus, Goldberg, 
and Gerlmrdt) and were reported from England 
and Wales by Stocks: Kennaway amd Ken- 
paway : Fulton: and Plalipps. Stocks reported 
the comparative mortality ratios for mules in 
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Table 1, Frequency rates of lung caneers in untopsy materinl (Frolwt) 
- ——— o | — T —— | S——————. i b o — 3 b S R el 

Jaimg eancers 

Number of Total Alwolite 
Author Period |’ . autopsies |carcinomas’' No, Percemt | Pereemt 

of all of all 
CAses autopsics 

1852-1000 

Neinhard i - 1852-76 R T ive ssams B lidsisvaress 0. 057 
Fuehs_ .. P i | 18H1-85 SE MY i R AN ed . 065 
b e L e Ul % B Mot i | 1R77-84 4,172 a A 9 1 dile. s .21 
Passler. . ’ o1 1881-04 9,246 ' 870 16 1. 83 s 
Woll..... - T . 1885-94 A 3 IR DL IS i o . 428 
Perutz. . v . IR (B T A TR DL ] .27 .10 
Marchesani o . | 1887-96 Lo6 | .. ... € h e vt .26 
Inikuth. .. T | 1880-00 |o....... | TR 1 B G0 A gt .07 
SRR T e I e 1 1895-1900 5, 022 Ik 22 4.3 24 
Riechelmann . ... . ... 11895-1001 | 7,790 711 27 3.8 .39 
. SRS, O e e e, =5 L 1R09-1003 1, 741 | 159 3 .88 L7 
Marchesani. . So.a ke . - 1886-1006 3,337 |reeemne e ‘ B sy .18 

1000-1925 

REIBER . o o v runrvaehd Friniai RS ST 1900-05 ‘ 2,002 ! 496 31 6.3 1.5 
T I ot Gy S ] e -I_-.....-....,-..-.-. 51 - L 07 
Karrenstein ... . ... ..... ] 1900-07 10, 272 034 32 3.42 .31 
Kikuth .. . . . ... g (T T R e o TR 00 3.8 .87 
T R L L 1900-11 |.ocencee-. 500 | 12 Bl Lecorisnnn 
BOJOON. oo - oo s aeeienaieeao.] 1904-08 (Lo 715 | 20 279 L. 
Probst . .. et aemmaaaenee - -] 1906-10 2,739 | 265 3 1.13 .11 
Sevfahr(. ... . ) 1 100718 1. ceseion solam l 6. 88 .9 
BRONC . e e e 1808-1916| 12,071 | 1,287 60 4.5 .46 
N o - 1908-13 6, 808 0692 33 4.8 | .45 
Bejach . o RN N i e e A 1909-12 5, 801 586 29 4. 95 . 
Marchesani.. . . 9 L. 1 1906-16 T O C I BT R .13 
BRI et T e - - sl 1909-14 4,816 552 15 27 .31 
BOtBIMENEE. . - . » - s s o35 o0 5 a i m S shme SRS C1910-14 | 2, 347 | \ 8 2.2 L3 
T S ‘ 1912-14 | 866 | 18 | 1 2. 08 n 
Stachelin. . D o e e L R et S R o 19012-14 |.een .| 218 1 u | PSS 
R e e, T T 1911-15 3,448 389 13 3.34 . 38 
Sesfahrt ... .. . ' 101418 PR 1 S PSRt (RS 11.23 1.01 
Assmann. . . . ... ... e 71T R TR R OO, R e .19 
Maternd. .. i 1015-17 1, 667 70 5 7.14 .35 
Breckwoldt L e 6,083 | 554 | 21 3.7 . 36 
Raw. . ... R T x " 1915-19 5,518 ] 580 ' 27 4.8 .40 
Herblinger — e abeoniiiod 191519 3, 280 337 | 10 2.9 . 30 
Probet. . . ey o 1620 4, 080 | 302 24 6.12 .9 . 
Materna. .. e 1 1018-20 1,609 04 | b 5 3 .3 
Kikuth. ... . . T r VR PRI S ! 146 58 . 58 
Marchesani . 1016-22 3,336 | W lis e uorin .3 
R I PR R 1915-23 |...covnne- 755 38 49 lcicasicns 
Lubarseh. . e - P e h L I RS b 8, 301 458 kS laaiessiive 
Seyfahrt .. .. e R SR 1019-23 |, ... .. i L S Wy M., 
Berblinger .. ey p bR . 1920-24 2,429 | 287 | 24 83 .99 
T L U N — 1021-23 1,049 75 6 80 .57 
Breekwoldt . el 1920-25 6, 339 | 8902 26 2.7 . 39 
Probst ... o ceeeen.| 1921-25 3,697 | 502 | 36 7.17 .97 
Stachelin s 1024 749l ..... AR & P B RS 
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! 

16 49, with devintions from the average 
mortality rate set at 100, as follows: 

Groups of adjneent towns with over 200,000 
oeeupicd dwellings: 

London, East Ham, West Ham, Croydon.. 150 
Rirmingham, Smethwick, Walsall, West 

Bromwich. . ... .. .. .. sk 184 
Munchestor, Salford, Stockport . L. 159 
Liverpool, Bootle, Birkenhend, Wallasey. .. 162 
Leeds, Bradford, Wadifux....... . . ..... 132 

Shetlield, with 120,000 oceupicd dwellings. ... 135 
Neweastle and Gateshend, with 87,000 occupicd 

dwellings . o s a0 SR ey =, | 
Apgregate of fl towns, ench \\i!h 50 (ull 1o 85,000 

ocenpicd dwellings. = . SN 113 
Apgregate of 3 towns, ench wit h 40, IIUU o M) 0(!) 

oeenpied dwellines. .. 107 
Aggregnte of 12 towns, mcll wllll 30 lll) ta 

40,000 occupicd dwelling<. ... .. ... ... 104 
Apgregate of 13 towns, ench wit I\ 20,000 to 

30,000 occupicd dwellings . . . .. 100 
Aggregate of 20 towns, ench with kw llum 

20,000 oceupicd dwellings. .. ..... HE 89 

In Ohio, for the years 1047-51 (Mancuso, 
MeFarlane, and Porterfield), the standardized 

» Feala 3 

mortality ratios for lung eancer mortality of 
selected sites among white males 26-64 years 
of age in urban and mrnl counties were: 

The standard mortality ratio is 
Obsgerved deaths 
Expeeted denths x:100, 

The type of county is defined, aceording 1o 
degree of urbanization, ns follows: Metropoli- 
tan county containing eities with 1950 popula- 
tions of 100,000 or more (91 percent urban); 
urban- containing cities with 1950 populations 
of 50,000-100,000 (66.2 pereent urban) ; rural - 
containing communities with 1950 populations 
below 50,000 (41.4 percent urban), 

Curwen, Kennaway, and Kennaway only 
recently recorded fresh evidence supporting 
earlier observations, The new evidence indi- 
eated the existence of positive correlations 
between population density in England and 
Wales and mortality from cancer of the lungs 

Table 2. I-rrqm'm:y rates of lung cancers in autopsy material of German pathological institutes, 1906-521 

l Percentage Sex of Iun:‘ 
Author i City Period elnccf:' ' 

among pronces. due Male Female 

Fischer-Wasels. . . f Frankfurt. ... . . o eeaaan 1906 |.... ... . 1.6 0.97 
Simross. COMIEIR .o« . . - . <. o s swwnassssusessyms 190612 B Wiliarsansase RIS G 
Schairer and Schoe- | Jena. ... . USRI A o B T T - 7 T AGTIORIEENE SRR, 

niger. | 
Petere. | Merlin e e 13T . 
Koeh. . + Dusseldorf QI .- 1920 23 3. 
Gerbe . ! .. Zwickan. . R PR X 1924-27 2. 
Busehbek <1 Dresden . e Emanes s anin) TS} 0. 
Dormanns . .. | Germany . S, B e el 1925-33 3 
Simross___ . Goettingen . . IR N | ¢ | 
Peters. . " Berlin . . e ey .| 1927-31 
(wrlu- R e - N L. 1928-31 
Koe Daesseldorf ceevenseesnaccanss| 103140 
\\cht-r and Kuoll YORRRBIIS o vl covn i s o p pspesr s v Bl 1932 
Schairer and Sehoe- Jena. . ... . . ISR e (1 . - 

niger. 
Fischer-Wasels Frankfurt . .. 2o 1938 .. 
Koeh. . . Duesseldor! R~ My =t L 
Knorr. Laiprig . . oy PR S s R 104548 
El;u;llugor sud Ein- Bavaria. . . P isaseansnwdl TSR Los. 

alt, 
Koceh.. . .. Duesseldorf . T RS Wl | 2| L 
Fischer . " Jena. IR e Wy 
Koeh . Duoesseddorf .. . i e 1048 
Webwr and Knoll Frankfurt . . = . 1051 v plia e o 
Kahlan Germany . " 1952 jeeeee... 23. 4 54 

' From Kalilau, 
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Figure 1. Comparntive trends in respirntory cancer mortality, 192 =50, 
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of males and females and caneer of the larynx stand at 755 persons per square mile and 1 
of males, hut not of females. This velation is eancer death per 3,300 inhabitants, 
even apparent when comparing relative lung 1 hns recently been observed that the Jung 

cancer death rate for white males living in the 
downtown area of Pittshurgh is exeessively 
high —twice the rate for males living elsewhere 

i : in the eity. It is somewhat uneertain whether 
States, with . population of 45 persons per (hig ohservation carries the snme implication as 
square mile, 1 lung eaneer denth oceurs per the observations made in Ohio and in England 
6,600 inhabitants, in England these figures and Wales. Such an interpretation is suggested 

cancer death rates in the United States and 
England with the relative population density 
in these countries, Wherens, in the United 

Table 3. Lung cancer rates in necropsy materinl of various German institutes of pathology for the period 
189519235 

: lI'vr('('nl of 
C ” AINg ung cancers ' " Period T'otal cancers cancers | among all | Range Average 

i cancers 

1805-1005. . . S . ' 2, 801 | 115 f 41 l 1.9-6.2 ’ 1906-15. .. _ . 7, 475}"’- 270 { 2&1}3‘”‘ | 3838 f{ 2. 1-5.0 ,} 1.9-6.2 
1916-25___ . . . 15, 431 82 | a2 | 3070 ... ... 

i | 

Figure 2. Age-adjusted death rates for rcm;nil:alury z:‘nu;r per 100,000 white males in the United States, 1950, 
.~ 

[Jomer17 R 1720 24 2-2 R 25 & Over 

o 
.:.. 

*d 

; e 
." 
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Table L Ineldence of vespiratory canver, m«mum‘ 
by wex, 

Al ; e, - : A o 
i | 

o | 
| é‘ Primary site and eity Males 

X e e S e e i g i 

8 . ! " Pereent 3 1937 "7 _ ; ; : increnso 
' o s B it B R R e e 

; Bronehus and lung: ! 9 Atlanta L A0 134 168 
& New Orleans. .. LEL O R L L 
f Dallns hy 200 $92 
¥l Hirmingham LS IR 320 
- Denver . | - | 01 219 11 
5 San Franeleo. . 156 343 120 
b Chieago . . | 133! 20.5' 122 

Py Pittshurgh . . s 0.7, 201 169 
' Detroit.. . ... .| 126 320, i54 

Larynx: ! | 
Atlanta o ab 1.4 Lo 186 
New Orleans . . . . 1.3, 1.9} 32 Dallas e 32( 53| o8 
Birmingham_....... | 1.4 LO - 186 Denver . . ol zel o w1l 108 
San Franeiseo . .. . | 4.5 | 88 06 Chicago v oo &7 | 7.0 | 1 
Pittshurgh . .. . sunl 14 8.0 82 Detroit.... "7 :ul i W 

by the fact that the white male inhabitants also 
had an abnormally high skin ecancer death 
rate (Patno). This is in agreement with the 
general experience demonsteating the dual role 
played by many oceupational earcinogens, such 
as arsenicals, coal tar, petroleum derivatives, 
and radioactive substances in the production 
of hoth eutancous and respiratory cancers. 

An additional expression of this wrhan-rural 
pattern of lung cancer rates is contained in the 
recent report of Lew, who found that these 
rntes were 30 to 50 pereent higher among indus- 
trinl policyholders of the Metropolitan Life 
Insurance Company than among males holding 
general policies. Lew found, on the other hand, 
that such differences did not exist for female 
holders of the two types of policies. He pointed 
out that industrinl polieyholders represent, for 
the most part, urban wage earners and their 
families in the lower-inceme brackets and 
include a high proportion of men engaged in 
manufacturing, mechanienl industries, mining, 
tennsportation, and personnl service, In con- 
tenst, the general polieyholders are denwn 
mostly from middle- and higher-income groups 
engnged i nonhazavdous oceupntions, 

| I | | { | | ) | | | 

1w 10000 pergrastution for 9 meteapalitan centers 937 w1947 
- - 

Morbidity rates 
o — 7 a————— ~eea vemd e il v s v - 

Females ' Toral 

Pereent | Pereemt 1037 "7 inevease 1937 ; 17 | Bnrovaee 

Lo a0 o0 29 XY 207 
28 12 il 7.6 20,8 174 
h G0 1,180 3.1 17.2 155 

2.1 39 L 43 .o 233 
4.2 K1 04 o6 18 124 
3.0 | 81 108 08 20.8 112 
4.3 ' 7.0 63 K8 18. 0 105 
1.0 55 12 | 2.3 15. 6 14 
23 A7 18 7.6 100 150 

| 

.3, 0.3 - .0 2.0 122 

.4 1.0 150 56 7.6 g 
.51 .4 73 23 27 17 
0 i 1.3 .t o4 26 271 
0 0 R 2.0 122 
a2 .81 300 2.4 1.6 02 .4 | .6 30 3.5 37 [ 
.4 -8 100 24 44! 83 4 I .3 - 25 | 20 34 70 

The apparent eausal significance of these 
epidemiological findings has been demonstrated 
by several investigators, Appreciable amounts 
of 3,4-benzpyrene have heen demonstrated by 
Waller and Cooper (R. 1..) among the air pollut- 
ants of English eities; by Kotin and associates 
in the particulate phase of these atmospherie 
constituents in Los Angeles, and in the exhaust 
fumes of gasoline and diesel engines (tables 8 
and 9). It has been estimated from these 
figures by Blacklock, Kennaway, Lewis, and 
Urqubart that about 16 mg. of 3 4-henzpyrene 

Table 5. Caneer of lung and lareson, England and 
Wales 1916=19 (Rennaway and Kennaway) 

[} 

| g Type of community luug ean- | Laryns can- cer ratio! © cer ratio! 
BN e e 

\ Fe- Fe- Mules Wl '.\lnln- Bl 18 
'- -- “'-_ v—'< v--"..... - - 

Cirenter London 0o 100 100 100 
Connty horongh 129 147 125 55 
Other urban districts. | 160 156 4% 50 Rural distriets. .. | 234 Iy 170 l 42 

| 
- 

' Nwnber of persons producing 1 death, 

Envirconmental Canses of Cancer of the Lung 
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Table 6. Lung cancer death rntes in 23 States of the 
:;:‘l;;: States, 1946 and 1918, ervde death rates per 

State 1046 1048 

Industrinlized Stutes 

Comneeticut.. ... ooorne e, RO 1.1 
T LI . R K1 R 2 
MBTYIRI.. | . vosibmin s Mo s omns 6.5 K4 
L T U 10. 4 10. 2 
Michignn . . % e Rl e 57 7.1 
New Hampshire. o ... ..., 7.4 10. 1 
New Jersey .. o. . caun.n. L 07! 0.7 
el S e D R 10. 2 1.9 
Ohio_ ... R L e 0.0 7.3 
Pennsylvanin .. ... .. ..., ... 6.7 8.4 
Rhode Island.__. .. B S sne 87 7.4 

States with regional industrialization 

1046 l 1048 
L Nl SO [ o 6.8! 7.4 
Lovisiang.. .. ... ........_._ | 65| 85 
LT I NN B 7.3 04 

e T T L RN Y s 10.0 | KR 
SNBERS < - - oo o v cies So i i 57 I 80 

Agricultural States 
— -yl IR o et T 

1946 1048 

Aabamm. oo oo e 4.0| 5.1 
Arkansas .. L. L L. ... . 3.6 5.4 
New Mesieo oo . ... 2.6 | 3.0 
North Cavoline . .. ... ... 3.1 4.0 
North Dakota ... ... .. .. _. 56 4.1 
o e e 4.1 4.4 South Carolinn . S e, L 36 l 3.7 
WRSMIREION ..o i s ninstis s suroen 5.1 4.2 
ORI . & - - v icsnr o ns oo s s awwe 4.0|‘ 3.9 

The death rates for the vear 1946 were taken from 
“The Ameriean Caneer Society, Ine., 19040, Cancer 
Death Rates for each State in the United States by 
Site," those for the year 1948 were produced by the 
National Office of Vital Statisties 

Table 7. Lung cancer wortality rates, per 1,000 
deaths by sex, in Austria, 1951 (Herbich and 
Neubold) 

- 

Community I "Total .\lnlm| m’.:n‘l:- 

Vienna 1827500 7N 
Cities HO.000 1,000 000 i IK2 3.4 a0 
Cities 20,000 60,000 wa IS4 323 3.0 
HRemainder of Austrin. [ LA S I O A} 

| 
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Figure 3, Cancer of the lung 
and over, England, 1921=30, 
mission of the British Empire Cancer Campaign. 

Adual mortality per cent of that expected from the distributien > dxmhmfifldm nig 
Uader 7070 - 43 = 100 ) 

Figure £, Obwerved amd expected lung cancer deaths 

§ = 150 = 145w 

in urban snd rural Ohic 
(T. F. Mancuso, 

Luny caneer deaths 
8 countics 

Nemainder of Ohio 

Observed 
1, 550 

728 

in males nged 25 yeurs 
need 

1947-51. 

Frpeeted 
1, 261 
1,07 
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Table 8. Estimated amount ! of aromatiec hydro- 
cachons in laminute samples of gasoline exhaust 
with varying engine revolution speeds (Kotin) 

| Com- ! l Benz- | Auth- 

frequency are totally accounted for by differ- 
ences in the eignrette smoking habits of the 
two population groups or merely refleet loeal 
diserepaneies in the dingnostie acumen of urban Revolutions i Benz- + 0 ~ ok S o i 

pee minte 1Y ""f{"" Cpyrene TR ",:':,'L' aned rural physicinns and in the availability of 
e e iin - et S s I 1 S B | dingnostiec medieal faeilitios, 

200 925! omol 20! et s T .\'l'wh explanations become even less h:mll)lo 
:4::; = l(;; i‘l"; T 15'2; in view of the fuet that the annoal age-ndjusted 

2000 P : nl inerease in frequency of lung cancer deaths was 
2;583 ..... :m | I% 2g 70 | 31 higher in 191430 than in 1931-44 (table 10), 

3300 . . 8| 8 :o g‘,; i + wherens the markedly inereased cigarette con- 
F, l i ~_ sumption during previous years should have 

' Quantities are expressed in ggm. at 0 load, 

may be inhaled and retained in the lungs from 
these sources during a lifetime and that this 
quantity represents approximately 10,000 times 
the dose (0.4 micrograms) eapable of producing 
eaneer in mice upon subeutancous introduction. 
1t should be emphasized in this connection that 
3 A-benzpyrene is only one of the several car- 
cinogenie chemienls isolated from ntmospherie 
poiiuiants and that, therefore, the actual total 
amount of atmospherie earcinogens reaching 

boosted the annual progression rate above that 
seen during the carlier period. Tt has been sug- 
gested (Lickint; Hammond) that this paradoxi- 
enl hehavior of progression rates is attributable 
to the fact that many ecigarette smokers did 
not live long enough to develop a lung cancer 
because of their precocious death from coronary 
sclerosis, which also is assumed to be elicited in 

Table 10, Annual age-adjusted inerease of fre- 
quency of lung cancer mortality 

[ — e —— e ——— —— — - — 

the Tung is considerably higher (Falk and ' Pereent increase 
Steiner; Kotin and associntes), The henzpy- Bex - 1 
rene content of the air was inerensed fourfold l 1914-30 " | 1031-40" i 1933-44? 
during smog davs (Waller). i | 

It is diffienlt, if not impossible, to reconeile Males .. .. | 10. 5 5 I 5.8 
the obvious eansnl signifieance of this faetual Fomales........ | i o i s 
evidence with the elaim that such regional, and ' Do, ST A s 

M & 2 orn. 
especinlly urban-rural, differences in lung eancer ! Potter. 

p
e—

y 

Table 9. Estimated amount ' of aromatic hydrocarbon in Lleminute samples of diesel exhaust with varying 
load and engine revolution speed and with fuel-injection inefliciency (Kotin) 

-—— —e —— —— - P — U — 
] Revolu- | l ' ' ! 4 N Compound Benz- Benz- Anthan- tions per Load Condition Pyrene - ! ) | . | minute | | l : ‘ | pyrene perylene ‘ threne 

Ap—— 5 Bl Y s i . el i il i iy e Gy &t s SE) St el R AR e S e e St A 

| | | 1, 000 0 Compression release . ! 137 ' 22 ! 146 ' 22! 0 
' Y. . ol ] RO . 267 i 76 | 165 | 42 13 

1. . e ) a36 175 772 ’ 124 223 
H Lo 1, 800 | 610 1, 320 | 610 172 
, “ do ... 2.5 639 | 8760 1,265 469 

1, 200 | 0 do_ - 208 0 9 | oy 1.3 
! ) O R R 257 | 0 17 10 21 

w1l o ¢ 18 28 | 437 171 197 
R O TM : NSK IS8 132 | 0930 320 U o 1,m2 ' Gl ' I, 706 o6 o 

1, 100 0 | o IS8 | 0 80 | 0’ 20 
Gldes | 177 | o6 s | 0 16 
b T ‘ 220 | 7 1,372 368 | 9 
" . R 34 387 182 Lo71 | 5T 
Gl ode. . - 822 i 316 | 1, 687 044 ‘ 666 

P Quantitios are expressed in ggm. 'min, 
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the majority of enses by eigarette smoking, 
according to statistienl evidenee, 

Sueh an explanation conveniently disposes 
of an observation challenging the validity of the 

Tuble 11, Sex distribution of lung cancer in the 
United Staten und selected foreign countries, 
1850=1953 

e e — - . -— - —— 
| . ' I Male- Country l Year Author female 

: ratio 

United States 1953 | Dorn. . 5:1 
| 1951 Moore . . . 6 6:1 
| 1047 ' Humphireys 7:1 
| 1050 | Beeler et el 1. 5:1 
| 1916 | Lindskog 4. 5:1 

1951 Carlisle ¢t #l 29:1 
! 1941 | Helpert .. . 14:1 

1951 [ Mclmrm-,\' ot 29:1 
rl. 

1949 | O'Keefe 20:1 
1041 | Farberow and 13, 5:1 

Baxlow, 
1935 | Neely 1:1 

Mexicans ' 1953 Steiner. 1:0.7 
Norway 1053 Kreyberg 4:1 

1025 I do 1:1 
Sweden. ... 1047 . Hensehen 2:1 
Denmark 1031 Clemmesen Al 

1945 . do. .. . 3l 
Austrin. ... 1953 . Denk . . i 15:) 
Germany. . 1953 | Grosze. 6. 6:1 

| 18501800 | _do. 1. K:1 
1900 1919 do. 31:1 
10201920 o 3 K:1 
10301039 ' _do. I3 K i 1940 1049 do 5 4:) 

France. 1052 Lemoine 10:1 
Canade . . | 1918 Gagnon . . 5:1 
Argentine . . .| 19047 Sontes. 50:1 
England ... .| 1049 | Mason. 7"3’:: 

1040 Fulton 

' Mexicans living in Los Angeles. 

cignrette theory and muy perhnps momentarily 
satisfy the protagonisis of this coneept, although 
it cunnot be wken seriously by anyone who lins 
any competence in the study of arterioselerosis 
(HMueper). 1t is remarkable, moreover, that 
after o considerable inerease in lung eancer 
frequency in Russin observed during the first 

" deeades of this eentury, this development seems 
to have come to a halt during recent years, 
nccording to Anfilogow (cited by Lickint). 

Considering the recorded strikingly irregular 
epidemiological behavior of lung eancer in diff- 
erent countries, states, provinees, communitics, 
und population groups, it is obvious that this 
pattern searcely corresponds with the pattern 
presented by the degree and spread of the 
cigarette smoking habit, 1If the action of en- 
vironmental earcinogens other than those pos- 
sibly contained in cigarette smoke should mainly 
account for the remarkable increase in lung 
cancer frequeney and for the eausation of a 
major portion of lung eancers, industrial and 
industry-related earcinogens would well fit this 
pattern sinee the growth of industrial establish- 
ments and the use of their products in the 
cconomic life of different countries have greatly 
Incked uniformity in time, type and extent. 

This concept receives support from a erit- 
ical evaluation of the datn on the sex distri- 
bution of lung eancers, the ehanges in the sex 
ratio during recent deeades, and the probable 
reasons underlying at least a part of these phie- 
nomena (tnbles 11 and 12). Considering the 
remarkable variations whieh the male-female 
ratio of lung cancers has shown at different 

Table 12, Male<female sex ratio of lung cancers in Germany, 1886-1927 and 1910=50 

I8RG 1027 

City | Author Ratio 

Diresden Wolf . 6.7:0 
Leipzig " Sevfarth 5 3:1 

Do. .. ' Behrt et el o 5 
Chemmitz Hric-e R 2.0 
Berlin Wabl . 3.7:1 

Do Bejach 2 3:1 
Do Hanf 3 6:1 
o Hedliech 5 2:1 

Koeln Eiehengroen and Essen 4. 721 
Muenchen | Fuehs 1520 
Jenn . . . 1ilz KO:1 
Hamburg 1.8:1 Kikuth 

Public Health Monograph No. 36, 1955 

I+ 

. 1010 50 

| 
City ; Author | Ratio 

) | Dresden. Lickint - el 15:1 
Leipzig. " Knorr ... RN : 11:1 

| do. ... [ Merkel...... ... 151 
Zwickan P Gerbe .. i} 71 
Berlin Berg ... .. ... 9:1 
Potsdam. . . Hollmann . . . e & 19:1 
Kocln " Brever. " 21:1 
Muenchen Anacker e Lo 7:1 

o e B ! Kawtzsel. . 1821 
oo . ) TR F I ' 21:1 

Jenn ciiiinie - Kuntzen S, 40:0 
Hamburg. ... . . Letzivs. ... . . _....." 12:1 
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times, i differemt Jocalities, and in different 
demographic gronps, it is most unlikely that 
sueh diserepaneies and ehanges are attributable 
to Mluctuntions in the intensity of one single 
factor, such as cignrette smoking, Tnstead, they 
appenr to he due to alterations in the type and 
extent of the action of a broad speetrum of en- 
vironmental respientory enreinogens affecting 
the members of the two sexes to dilferent 
degrees, 

The marked and growing predominanee of 
males among lung eancer vietims seems to be 
due largely to the following factors: 

1. Muales are more extensively employed than 
females in occupations which produce and use 
known or suspected atmospherie earcinogens. 
Also, males work more consistently and over 
longer periods of their lives in suely ocenpntions, 

2. Males predominate in outdoor occupa- 
tions, especially in urban areas, where they he- 
come exposed (o earcinogenic pollutants in the 
general atmosphere (effluents of domestie and 
industrial furnaces, exhaust from gasoline and 
diesel engines, dust from rubber tires and from 
asphalted and oiled roads). 

3. Males more often than females perform 
heavy physieal labor requiving deep and fre- 
quent vespiratory movements facilitating the 
penetration of eareinogenie air pollutants into 
the distal portions of the respivatory treact, 
thereby inereasing the frequeney and degree of 
exposure, 

4. Males more often than femnles work 
through the entire span of their oceupational 
life within urban areas with proved eareino- 

genie atmospherie pollution, while femules stuy 
for larger portions of their lives in the eleaner 
suburban dormitory communities. 

These considerntions provide substantial sup- 
port to the concept that loeal differences in 
general and oceupational industrial wir pollu- 
tants may more plausibly aceonnt for an ap- 
precinble portion of the observed differences in 
atinek eates for the two seses rather than do 
Jloeal varintions in their smoking habits, 

The doubts as to the unrestricted validity 
of the cigarette theory are deepened if eritical 
evaluation is made of another dubious link in 
the chain of claims advanced to bolster this 
concept. It has been maintained (Graham) 
that squamous cell carcinomas of the bronchial 
mucosa are a specific response to cigarette 
smoking sinee (1) this histologieal type of bron- 
chogenie earcinoma was allegedly rare before 
1920; (b) it has increased considerably since 
that date in relative frequency in comparison 
to other histological types of carcinoma, es- 
pecially adenocarcinoma; and (¢) it is more often 
found in males than in feraales. 

The facts ure as follows: Bronchiogenic 
squaumous cell carcinoma has commonly been 
found with all known occupational respiratory 
cancers (table 13). However, many of these 
agents have also clicited other types of pul- 
monary carcinomas, such as undifferentiated, 
round cell earcinomas and adenocarcinomas. 
Thus, there is no evidence supporting the view 
that any speeific respiratory careinogen elicits 
u specifie and chacaeteristic type of caneer. A 
study of lung eancer records of cases observed 

Table 13, Histological types of oceupational respiratory cancers, according 1o carcinogenic agent 

Agent Organ 

Tar fumes . ... _. Lung .. 
Niekel e P o o 
Chrominm , ; ; Ao, 
Ashestos o 
Radionetive gnses and dust _ | do . 
Nickel s Naores nnd nasal sinns 
Radioactive gases and dust . o 
Fopropy) oil ... l do. 

10 

! Rguamons ' 
o with | Round ect | S | Adenocar- 
or without | careinoms ' phie earei- cinoma 

| cornifiens noma 
tion 

3 | > g 2 
] ! 3 

a1 

18 2 2 " 
1| " 7 ! 
3! [ 1 

| 
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before 1920, or even hefore 1000, vendily estah- 
ishes the faet that doring those yenrs squamons 
cell enreinomas of the bronehi were by no means 
rare ocearrences (Wolf, 1805 -8 squamous cell 

Table 1) Consumption of tohaceo in pounds per 
head=year, New Zealand and United Ringdom, 
1900=1950 (Easteott) 

Pounds of tobaevo per 
hend-year 

Year e ~— 
New United 

Zealand Kingdom 

L ST O - 2.3 1. 05 
BRI scn e s anins s e 2. 69 2.22 
R as « o b hoeri 2 iy 3.59 2.09 
IR caseniaa 3. 28 431 
| L, SRS, . 3. 87 307 
;SR 5. 36 4,22 

enreinomng wmong 15 lung eaneers; Prolmt, 
1027 25 pereent squnmons cell enreinomns be- 
tween 1005 and 1918; Walsuji, 1903- 23 pereent 
sauanmous eell earcinomas between 1892 and 
1899; Adler, 1912 approximately 40 pereent 
squamons cell enveinomns among 181 lung ear- 
cinomas collected from the literature with ade- 
quate histological data; Proe. First Nat. Cancer 
Conf., 1949 41 pereent squamov- cell ecarci- 
nomas in males; 11 pereent in females. 

While adenocareinomas ave more feequent in 
females than in males, they also are more fre- 
quent in young persons than in old ones (Lind- 
skog; Proe. First National Cancer Conf., 1949). 
The evidenee on hand seareely supports the 
contention that adenoearcinomas are of endog- 
enons causation (Lickint) or that they have an 
etiology dilfering from that of squamous cell 
carcinomas (Kreyberg), The male-female sex 

Table 15. Average death rote rfr year per million persons (males) from cancer of the lung, 1932-53, 
New Zea und compared with England and Wales (Easteott) 

R —— - - - — 

Age 
Period Country : 

35-44 | 45-54 | 55-64 | 6574 Tomnd 

1IN0 .o ivs iy New Zealand . ... . . 13 87 158 204 62 

137-41....... == do... .. — o e 33 108 235 283 213 
041 . . . England and Wales . . .| . ' 126 424 802 715 148 

1942-468_ .. ... | New Zealand . .. .. . .. .. ... .... ; 06 168 466 635 326 
199246 _ ... . England and Wales_ . . .. .. 132 66 1,072 1,032 527 

17-51....... «<| New Zealand . _ . D T 43 287 732 1 1,014 735 
I7-61.. . .. . . . | Eogland aod Wales . 166 | 781 I, 682 ' 1, 857 1,073 

1052-83.... ..... . ..| New Zealand. 60 305 Lol vLase) 1,110 
1952-53 - England and Wales. . .. . 175 | RIR8 ‘ 2,170 | 2,650 | 1,688 

' i | : 

Table 16, Observed and expected mortality from cuncer of the lung accordiog to place of hirth, 
New Zeatand or the United Kingdom (Easteott) 

i . Oberved Fxpeeted Place of birth | deaths sieatlia 

PR o - | el ) 
New Zealand 632 721.8 United Kingdom . | 3649 270. 9 

| 

- —— - — s — - —— - — 

Age at eotry to United Kingdom 

Under 30 j 30 and over 
L T 

Obmerved Faxpeeted Obseryved Fxpeeted 
denths | deaths l deaths denths 
i i ] — . s e a—— ———— 

| 
e e 

| 

zul'l‘ T2 
Nore: The significance of the difference between observed and expeeted deaths in the two countries is p<0.001, 
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Figure 6. Trends in seleeted environmental fuctors, United States, 1900<53 (Hanmmond), 

" INDEX 

TATE ASPH 600 s O‘II:N:AVS' u: 
L f MOTOR FUEL 

500 CONSUMPTION 

400 

3001 

= 

200r 

100 ,.,.'_.‘.n.'.L"ns - 

el I‘;,,:’/ 

0 

ratio of lung eancer (1:0.7) among Mexicans 
living in Los Angeles, as well as the ratio of 
2.5:1 for ashestosis cancers (Merewethier), do 
not support. the view that women have any 
hormonal protection against the action of en- 
vironmental respiratory carcinogens if identical 
conditions of exposure prevail. ) 

The elnim that squamons cell enreinomn of 
the bronehi is i any speeific way related to 
cigarette smoking thus may be laid to rest, 
since no specinl histologieal type of bronehio- 
genie earcinoma bears any consistent conneetion 
with any of the recognized respiratory car- 
cinogens, 

Finally, it may be mentioned that there does 
not exist any parallelism between the annual 
per capita consumption of tobaeco in different 
countrics and their respective pulmonary eancer 
death rates (Herbieh and Neubold; Gilliam) 
(fig. 5). It hns bheen ealeulated that the English 
Jung enneer vate is apparently double that of 
the United States, although the English smoke 
30 pereent fewer cignrettes per eapitn than 
Americans. This mteresting and perhaps sig- 
nificant observation, which fails to support the 

Public Health Monograph No. 36, 1955 
348108535 —3 

", ‘N o 'lu5"‘ - 

Ll on .'.u‘ .‘.. 

1900 1910 1920 1930 1940 

o CIGARETTE Y, CONSUMPTION 
¢ PER ADULT 

/’: FUEL OIL SALES 
! MOTOR VEMICLE 

#~J 7" REGISTRATION 

nfl"—"a'nnn' - 
"0V %0e COAL conwunmf 

1950 1960 

validity of the cigarette theory, is disposed of 
by its proponents by assuming that exposure 
to cigarette tar is less severs for Americans who 
do not smoke cigarettes to the very end than 
for English smokers who, for ecconomie reasons, 
indulge in this questionable habit, 

Reecent epidemiological studies of Easteott in 
New Zenaland provided the most important data 
on this point. It was found that the relative 
consumption of tobaceo in pounds per hicad-yenr 
for the population of New Zealand and the 
United Kingdom revealed an inverse relation to 
their lung enneer death rates (tables 14 and 15). 

Eastcott, morcover, found when comparing 
the observed number of lung eancer deaths with 
the expected number for native New Zealanders 
of British extraction and for immigrants from 
the United Kingdom that the immigrant group 
meets with a muech higher ineidence of broneho- 
genie eancer than would be expeeted on the 
basis of equity, suggesting that the immigrant 
has an inerensed suseeptibility to lung cancer 
(table 16). 

The chances of dying of eancer of the lung 
are 30 pereent higher for all United Kingdom 

13 
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B immigeants, but for those who were 30 yenrs of lung eaneer mortality for Upper Austrin and i 
i age or more on entering New Zealand, the visk Kaernten, on the one side, and for Steiermark wp 
* is 75 percent higher, according to Easteott. and Tyrol, on the other side, although in all b 
o Differences in habits of tobacco smoking are four provinees there prevailed approximutely g 
v unlikol) to contribute to this picture, in the the smme per eapita consumption of cigareties, e 
3 opinion of Eastcott, These authors suggested that the high lung N 
2 Herbich and Neubold pointed out that there eancer mortality among the people living in the TMy 
o did not exist any consistent proportional fre- marginal regions of the northern slope of the 5 

queney between cigarette consumption and Alps might be related to clunatic-atmospheric 

i Figure 7. Rise in annual production or run»ump:'i:’ni of cancer-related industrial chemicals between 1990 b Sy 

PRODUCT - UNIT 
) BITUMINUS COAL -PRODUCTION IN U.S., 

MILLIONS OF NET TONS 
2 FUCL BRIQUETS - TOTAL PRODUCTION, 
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3 CARBON BLACK - PRODUC M1ON. IN 

MILLIONS OF POUNDS 
4. PETROLEUM - PRODUCTION OF CRUDE PET TM, MILLIONS OF BARALLS. | CTROLEY 
5. PETROLEUM, ASPNA('LT - PRODUCTION OF ASPHALT 

ROM_PETROLEUM), T (ROM_PETROLEUM), THOUSANOS OF 

& COAL TAR- mowcnon THOUSANDS OF 
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ARSENIC - PRODUCTION AND (MPORT S, 
THOUSANDS OF SHORT TONS 

0. CHROMITE - TOTAL SUPPLY, THOUSANDS OF TON3 ? 
L] SOURCE -MINERALS YEARBOOK, 1945 

4 
7 

z ) 
< 
3 

3 

2 

' 

: -l BB 1 1 1 d 1 l 1 d 
| | | | | I | | | ) 

1900 190% NS 1920 1925 1930 1935 1940 1945 1950 

14 Envieanmental Causes of Cancer of the Lung 

A quest into the environmental causes of cancer of the lung (1955)
ACL Doc 25394 · Page 19 of 62

Published by AsbestosClaims.Law

asbestosclaims.law/library/25394/19

https://asbestosclaims.law/library/25394/19


e
y
 
W

 

conditions and to the direction of prevailing 
. winds, which bring the industrinlly polluted 

air of Vienna into the valleys of the northern 
Alpine regions, 

Similar ohservations on the influence of the 
prevailing winds upon the relative frequency of 
lung eancers in different arens of the English 
Midlands were reported by Stocks. Herbich 
and Neubold, morcover, found that the lung 
cancer mortality rates were twice as high in 
communities located along main highways, 
where the atmosphere was polluted with exhaust 
fumes from gasoline and diesel motors and the 
dust and fumes of asphalted roads, than among 
the inhabitants of villages and towns situated 
remote from such traflic arteries. In fact, the 
rise in lung cancers follows more closely the 
increase in consumption of motor fuel and the 
construction of asphalted highways than the 

sl % i 
consumption of cigarettes (fig. 6, Hammond; 
fig. 7, Hueper) and is similar to the inerease in 
production of other cancer-related ehemicals, 

It is apparent from the numerous observa- 
tions and faets of general environmental nature 
cited that there exists an impressive amount of 
circumstantinl evidence of different charaeter 
and from various sources which strongly sug- 
gests that several, if not many, environmental 
factors acting in varying degrees and combina- 
tions cause or contribute to the development of 
pulmonary eancers and are involved in their 
recent vise in frequeney. Much of the evidence 
on hand, particularly the irregular epidemio- 
logical pattern of lung cancer, points to an 
important role which industry-related factors 
and the growth of modern industry may have 
assumed in these respects, 

Occupational Evidence and Respiratory Carcinogens 

The concept that environmental factors eause 
or contribute to pulmonary cancers is supported 
by epidemiological, medical, and experimental 
evidence obtained from analysis of lung cancer 
rates of various occupational population groups 
as well as by studies of lung cancers and their 
specific and different causal agents present in a 
number of restricted worker groups and in 
well-defined industrial operations, 

Epidemiological Data on Large 
Industrial Groups 

Epidemiologieal studies on the frequency of 
lung cancer among members of large industrial 
groups and trades have brought to light the 
existence of marked variations in the liability 
of persons engaged in different oceupations to 
cancer of the lung. Tables 17-10 supply 
striking illustrations of these differences and 
list gome of the factors which may possibly be 
responsible for them, 

Table 17, which hsts hung eancer death rates 
for seven industrial groups in Ohio, shows a 

Public Meahth Monograph No. 36, 1955 

striking difference between the rates for agri- 
cultural laborers and for employees in the non- 
ferrous metal industry, with rates for trans- 
portation workers occupying a position directly 
behind the rates for nonferrous metal workers, 
It seems to be characteristic of inhabitants of 
agricultural arcas to rank first in death rates 
from cutancons eancer and last in rates for 
pulmonary eancer. This is in accordance with 
the relationship between solar radiation and 

Table 17, Lung cancer death rates per 1,000 deaths 
from all eauses for 7 industrial groups in Ohio, 
5,309 males, 1917 (Mancuso) 

Industry l":::h 

Nonfervons wetal .. .. ..., 322 
Travportation. ... .. cooienun 2 91 
ubber and plastios ... ... ... 23 
IPON D IO i e o o o osccvepssansensdsm 2. 18 
VR Y T T (T 1. 53 
AETIENITY. . .. orsnsnne A e SRS N2 
Stone, elay, ghass. . .. ..... Rt el SO s X .66 

BB s s aeimic bbb w5 Wik W e 1.76 
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skin eancer and the relationship between low 
concentrations of carcinogenie air pollutants 
and lang eancer., 

Nonfervous metal workers, on the other hand, 
often hinve contact with dust, fumes, nnd vapors 
of some carcinogenic metals, sueh as chrominm 
and nickel, or with arsenieals which are impur- 
ities in many nonferrous metals (copper, zine, 
silver). “Pransportation workers are exposid Lo 
the exhanst from gasoline and diesel engines, 
petroleuny Tubrieants, and dust from asphalted 
ronds. The relatively high death rates of 
workers employed in the rubber and plasties 
industry may possibly be attributable to the 
use of coal tar, petroleum oils, and tars, furnace 
black, mineral pigments of earcinogenic chemi- 
cals, and aromatic amino-nntioxidants used in 
the production of rubber and plastics, 

The actual diserepancy in the lung cancer 
liability between operating and nonopernting 
railrond workers is even greater than is appar- 

Cent from the lignres listed in table 18, The 
enmployment ratio of operating to nonoperating 
railrond workers in one of two large railroad 
companies was 124, From this ratio, it appears 
that, on the basis of the erude, nonstandard- 
ized (sex, age) figures presented, nbout 75 per- 
cent of the lung eancers in railroad employees 
ocenrred nmong the operating group, which 
supplied only 25 pereent of the total number of 
employees, Operating railroad workers in- 
cluded engineers, firemen, brakemen, conduc- 
tors, switchmen, and roundhouse personnel, 
that is, workers exposed to the inhalation of coal 
soot and oil fumes from diesel engines and fuel 
and lubrieating oils, which contain carcinogenic 
polycyclic hydrocarbons, 

Dunner and Iicks recently called attention 
to two additional worker groups, boiler scalers 
and grain dockers. In the experience of 
Dunner and Hicks, these workers showed an 
excessive liability to cancer of the lung, Twen- 

Table 18, Frequencey of lung cancer among qu'-nlln. and nonoperating railroad workers 

Type of railroad worker 

Total - | o i e re— L Railroad Period Jung Operating Nonoperating Undetermined 
o SRR T GRS, TR G el 

7 ‘ 

Number ! Percent . Number = Percent Number Percent 
T TR ol o e R e S e i G i, R it 

{ . B N e e et 7L 1010 50 29 21 83 | 6‘ 17 ’........, IR - MR BY st 1039-49 104 50 57 : 15 I el 30 ‘ 20 

Table 19, Oceuputional groups with excessive incldence of lung cancer 

Oceupational group Potential respiratory earcinogens 
— 

et L U ———— 

- —— - ———— ———— ——— 

Investigator 

Metal workers, welders, meta) grined- | Metal dast, lubrieating oil mist. Kennaway and Kennaway; Turner ers and polishers, wire makers, tool 
and die makers, foundry workers, 
metal moulders, lathe workers, ete. 

und Grace; Maller; Dublin and 
Vane; Wynder and Graham; Me- l.uugfllin; Breslow and associates Cigar mannfacturers and tobacco- | Tobacco dust, inseeticides, soot. . .| Sexfarth; Khennaway and l\'fllnl"ly; nists, “nger; Versluys; Brinkmann. Engincers, mechanics, machinists, { Metal dust, soot, lubricating oil. .| BECCY 1914 and 1952; Gillespie; 

plumbers, erane operators in =melt- 
ors, ete. 

Painters, decorators. .. .. . . 

Turner and Grace; Miller; Wynder 
and Graham, 

Metal pigments, coal tar dyes, | BECC Y 1044; Maller; Dublin and 
carbon blaek, asphalt paints, 
solvents, vehicles (lacguers, res- ham. 
ins, synthetie plasties), 

Vane; Fulton; Wynder and Gra- 

Tar workers, rond workees, asphalt- | Tar and piteh fumes and dust, | Kennaway and Kennaway; Fulton; 
er<, pavienrs, stokers, pafent fuel soot, 
workers, furnuee men, fonndry 
lahorers, rollers, ete, 

! Report of the British Fwpire Cancer Campaign, 

16 

BECCT 1952; Registrar-General 
(1938); MeLaughlin, 
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ty-four lung eancer enses were found nmong 
5,000 dock workers at Hull, England, of whom 
2,500 were exposed to geain dust, There were 
10 boiler sealers with Jung eancer. With the 
exception of 1 boiler sealer, none had any 
radiological evidenee of pneumoconiosis and 
only 5 had n slight degree of pneumoconiosis 
upon histologieal examination. No lung ean- 
cers were observed among dockers who were 
not exposed to geain dust. 1t may be possible 
that boiler sealers sustain a earcinogenic expo- 
sure to chromate-containing seale, if chromates 
were used as antirusting agents, or that these 
workers sustain a pulmonary deposition of 
iron oxide. Whether spectlie vegetable matter 
or some earcinogeme contaminant of the grain, 
such as resudues of chemien) fungicides or other 
processing or preserving agents, account for 

Public Health Manograph No. 36, 1955 

ol NASAL SINUSES %4 

S LARYNX ¢ 

L 

the abnormally high frequency of lung eancer 
among grain dockers is at present a matter 
for speculation, 

Mention also may be made of the recent 
observation of Faulds on the excessive fre- 
quency of pulmonary eancer among English iron 
ore workers employed in mining activities at 
two different locations. Necropsies performed 
on these miners during 1932-53 showed a lung 
cancer incidence of 9 percent (192 necropsies 
with 17 lung cancers), while post-mortem ex- 
aminations done on 2,378 males of comparable 
age who were not emploved in these mines 
revealed that only 44, or 1.85 pereent, had 
primary lung cancers, It is remarkable that 
there did not exist any parallelistn between the 
degree of pulmonary fibrosis observed i the 
iron miners and their lability to lung cancer 

17 
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(degree of fibrosis in eancerous lungs, 1 plus; 
in tubereulous lungs, 2 plus; in fibrotic lungs 
without eancer and/or tuberenlosis, 3 plus), 
The absence of a positive correlation hetween 
pulmonary fibrosis and lung eancer was noted 
when the evidenee on lung eancer among the 
radioactive ore miners of Jonchimsthal and 
Sehinecherg was analyzed (Hueper)., AMlthough 
the actunl eausal factor responsible for the 
lung eancer among iron ore miners remains to 
be determined, it may he mentioned that Levin 
and his co-workers recently recorded a positive 
statistieal correlation between an occupational 
exposure to iron oxide and heat and cancer of 
the lung. 

The studies of Breslow, Hoaglin, Rasmussen, 
and Abrams on 518 histologieally proved eases of 
lung eancer in Californin suggested the existence 
of an increased lability to lung eancer for 
nmembers of the following occupational groups: 
welders, sheet metal workers, steamfitters, 
boilermakers, erane operators, and nonferrous 
metal smelter workers, that is, individuals who 
are exposed to metal dusts and fumes; oilers, oil 
field workers, wipers, and marine engineers, who 
have contact with oil fumes, mists, and sprays; 
nshestos workers; construetion and maintenance 
painters, who inhale vapors or various organic 
solvents, resins, lncquers, plasties, and rubber, 
as well as finely dispersed inorganic and organie 
pigments (chrominm, nickel, copper and arsenie 
compotnds, earbon black, aniline dyes); and 
commerein] cooks exposed 1o fumes nnd mists of 
overhented vegetable and animal fats and 
minernl pan grenses, 

A reeent study of the ennses of death of the 
members of the International Photoengravers 
Union raised the suspicion of an excessive lung 
coneer linhility for members of this oceupational 
group, 

From the diflevent lung eancer death rates 
listed for the various occupational groups, it is 
obvious that the total number of workers 
possibly exposed to oceupational earcinogens of 
known or still unknown nature is evidently very 
large and comprises workers employed in bhasie 
aned proeessing industries, constrnetion, 1rans- 
portation, services, trades, lnboratories, nnd pro- 
fessions (fig. 8). It i, on the other hand, 
eaquanlly elene that the quantity and quality of 

informmtion available on the occupational 
aspeets of lung eancer enusation are deplorably 
defeetive beenuse of nn absgence of extensive and 
prolotgzed analyses of lang eaneer deaths among 
varions industrinl groups for specific cansal 
factors, The evidenee on hand nevertheless is 
adequate for demonstrating that the wide varia- 
tions in lung eancer frequency apparently 
existing hetween different industrial population 
groups are attributable to differences in more or 
less welldelinable ocenpationnl exposures and 
not to differences in cigarette smoking habits, 

Ocenpational Respiratory Cancers 
and Carcinogens 

Conclusive evidence of the existence of 
exogenous earcinogens and environmental re- 
spirntory cancer hazards is provided by the 
epidemiological, medical, and experimental data 
concerning occupationnl respiratory cancers. 
A general view of the oceupational respiratory 
cancer panorama, including eausal agents, and 
organs affected is presented in table 19. 

Seope of Environmental Lung Cancer Ilazards 
An indiseriminate aceeptance of the figures 

given in table 20 as reflecting the actual scope of 
these identified and recognized respiratory 
cancer hazards, however, would be seriously 
misleading, despite views expressed by several 
protagonists of the cigarette theory (Ringertz; 
Wender and Graham; Leving and others). 
Althonugh n definite demonstration of specific 
occupitionnl lung enncer hazards has so far 
been made for only relatively restricted worker 
groups, the evidence on hand is not only un- 
equi oeal but also indieates that other worker 
groups exposed to the same cnusal agents or 
subjected to identical or similur working condi- 
tions are subject to the same bazards, In 
contrust to the apparently low carcinogenic 
poteney of the suspeeted, but wmidentified, 
agent presumably contained in tobaceo smoke, 
the ocenpntional respiratory earcinogens are 
evidently highly potent, as shown by their high 
respirntory eancer nttuck rates (table 21), 

Sinee environmental carcinogens have been 
shown 1o produce enncers wherever they operate 
in ndequate intensity and duration, and con- 
sidering the fuet that many of the oceupational 
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respirntory enreinogens oceur as industry- 
related genernl atmospherie pollutants, it may 

" justly be assumed that these pollutants repre- 
gent the enuse of a significant portion of lung 
enncers among members of the general populn- 
tion, especinlly those who live and work in 
highly industrinlized nrens, 

The approsimate scope of oceupationnl ex- 
postres (o the various respirstory earcinogens 
miny be estimated from data supplied by Bloomn- 
field and his co-workers. From a suevey of 
1,503,204 workers employed in all industries of 
10 States, it was found that 7,976 were exposed 
to fumes and dusts of chrominm compounds nnd 

Table 20, Oceupational respirntory earcinogens and cancers recorded during post 75 years, their enuses, sites, 

Agent 

Arsenie . ’ . 
Ashestos. . . - i BT 
Chromates. 
Nickel ... 

Conltar. . . 
Petrolenm oils LR 
Isopropyloil. .. . > 

Radioactive chemienls. 

Total 

Carcinogen 

P —— .- o . ———— — 

Aromatic hvdroearbons: 
Conltarfuomes ... .... 
Petroleumoils .. .. ... 

Carbon and silicon polymers: 
Twopropyl oil . .. 
Ashestos | S mE@e 

Metals: 
Arsenie 

Chromates 

Nickel 

Towizing radiation: 
Radionetive ores. 

Public Health Monograph 

Table 21. 

Flamg. . ol h.x AR 
| 

Tomg. ... A0S | AL . 

Nures, paranasal 220: 100, 000 i 
s ':"'I:"“ = 574:100, 000 

Lung._ ... .1 

No. 36, 1955 

and num 

Numiber of recorded cases 
Year dige [ == e oo sl e+ v e e Site of enneer 

I b United | Other Total 
I' States ! countries 

——— e — — ——————— ——— . —— . — — — — -_-.——'—_o--——. 

Lung. . RS Shems ma 1930 7 16 23 
..... 0 s - oe R RN v G RS 1034 22 74 o6 
..... do,.._.. SR EE) PP 1032 75 65 140 

..................... 1032 0 K4 S4 
\nm and nasal sinus. ... sl b ema e in 0 51 51 
TR o ot 5 === s g d b 1036 0 H3 b 
l.lmgnmllnm)x 8 v e &g o 1036 7 33 40 
P S| SR I Ay 1940 1 0 1 

| Larynx . oo eeaicanan kesrneyia 4 0 4 
{ Namalsinus.. ... ... . 1B~ 6 0 6 
VDMK, g vl bant Conpe wud bl Aass 1879 0 625 625 
! Nasal sinus_ . - 1931 3 0 -3 

% NSRRI L 125 | 1,001 1,126 

Respiratory cancer attack rates, by environmental carcinogens 
l . e e L= S T Ll L - 

| l Attack rates 
| e e At A A s et e s smS e — 

Incidence in 
Sites of cancers population | Perce ot Rate per 100,000 

' | ot risk o( ull NS P o O RS ENPE 
] 

| : dfillu - Morhidity ‘ Mortality 
!“ ) "—“—.—'""—I—"’ ‘__""—"'"""""—""‘" 

Paranasal sinuses, i l 134.5 ( nor- | ‘ Is:ru)\ } 10:100 M GR)s ST TmToereenERaEee 
| T RO 1 = 5 O =X, .y . (13.2-20 pctcmt ase 

bestosis autopsied 
(0.8-2.4 perecent 

| normal)). 

o oo 145.7 males (10.9 nor- 
| mal) 

(42X nor- 146-33% 
mal) 
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3,356, to fumes and dusts of arsenienls, For 
industrinl workers of all 48 States, respirntory 
health hazards existed from the inhnlation of 
dust, fmnes, mists, and vapors for 35,000 indi- 
vidunls employed in ashestos operations, in 
A5.000 having contact with arsenieals, in 240,000 
inhaling varions types of metal dust, and in 
2,500,000 having entancous, respirntory, and 
ingestive exposures (o various combustion and 
distillation produets of conl tar, piteh, ereosote 
oil, soot, sl to petrolenm fuel oils and lubricat- 
ing oils, greases, and cooling oils, to name a fow, 

The highly defective state of knowledge con- 
cerning the actual number ofocenpntional respir- 
atory eancers is, moreover, demonstrated by 
the faet that information on the existence and 
number of such eancers in specific industrial 
operations with recognized respiratory eancer 
hazards is distinetly spotty, not only s to data 
available from different countries but also 
coneerning those on hand from identieal opera- 
tions of the same country. The following ob- 
servations may illustrate this point. 

The existence of an excessive linbility to can- 
cer of the lung from an inhalation of coal tar 
fumes by retort attendants of gas and coke 
oven plants has been established by a few re- 
ports from Japan, Cannda, and England, 
Apart from these isolated data, no others are 
available for similar operations from these or 
any other highly industrinlized conntries (Ger- 
many, United States, Franee, Haly, Poland, 
Rusein). Likewise, there is no oflicinl record 
available concerning the oceurrence of respir- 
atory cancers among earbon eleetrode makers 
and attendants in aluminum manufucturing 
plants, where workers become exposed to dust 
and fumes from the piteh and petroleum asphalt 
in the electrodes, and where, according to in- 
formation nvailable from four different countries, 
tur and asphalt cancers of the skin have been 
observed as the result of such contacts. 

It is, morcover, surprising that data on the 
ocenrrence of lung enneers nmong producers and 
users of arsenical inseeticides have been re- 
ported almost exclusively from Enrope, al- 
though the United States has been for many 
venrs the main producer and consumer of these 
products, Similarly, reports as to the existence 
of respiratory eancer hazards from an oceupa- 
tional inhalation of mists and fogs of lubrieating 

and cooling oils have so far totally originated 
from FEurope, despite the fact that American 
industries offer nmple opportunities for identieal 
exposures, that an excessive linbility to lung 
eaneer has been noted for paraflin pressers em- 
ployed in oil refineries, and that the survey of 
one oil company has shown that there was a 
marked predominance of operating refinery 
workers among the lnng eancer vietims of this 
particular organization, 

Finally, attention may be ealled to the fact 
that the entire evidenee as to the existence of 
lung eancer hazavds for radionctive-ore miners 
has come from the observations made in Sehnee- 
berg and Jonchimsthal. However, mining of 
uranium ores has been earried on for 10 to 20 
years in the Congo, Canada, and the United 
States and extensive milling operations of the 
African ores have been condueted in Belgium 
for many years without any official record of 
similar respiratory complications among the 
workers employed. 

Additional incompleteness of the existing ree- 
ords on occupational respiratory eancers may 
be related to the possibility that pulmonary 
eancers may have their causation from agents 
entering the body by an extrarespiratory route. 
While all known respiratory earcinogens are of 
environmental origin and are inhaled as air 
pollntants, there exists some suggestive oceupa- 
tional, medicinal, and experimental evidence 
indieating that agents introduced by other 
routes may be effective in eliciting lung enncers, 
Several eases of lung eancer are on record whick 
developed after an oral administration of ar- 
senicals and which appeared in individuals with 
arsenical dermatoses and skin eancers (Neu- 
bauer), Lung cancers also have been observed 
in some aniline dye workers suffering from 
primary occupational bladder eancer (Miiller) 
following prolonged cutancous, ingestive, and 
respiratory exposure to dusts and vapors of 
certnin carcinogenic aromatic amines. The 
possible scientific and practical significance of 
these findings is suggested by the experimental 
observation of lung eancers in 10 percent of 
rats given the potent earcinogen, 2-neetylamino- 
fluorene by an extearespiratory route (Biel- 
schowsky). A cutancous as well as parenteral 
introduction of coal tar and several polyeyelie 
hydrocarbons us well as of urethane resulted in 
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0 precocious nppenrance and an inerensed nume- 
ber of pulmonary tumors in miee, 

Pattern and Types of Respiratory Caneer 
Iazards 

If o map of the distribution and relative con- 
centration of the different earcinogenic air pol- 
Jutants were prepared for a given area, it would 
exhibit a sort of erazy quilt pattern to which 
the general atmospherie pollutants would fur- 
nish the overall background color, varying in 
depth between darker urban arcas and lighter 
rural distriets. Other types of earcinogenic 
atmospherie pollutants having a more circum- 
seribed field of distribution would appear as 
irregularly areanged and variously sized and 
shaped spots and islands of different. colors 
superimposed upon the general background. 
It stands to reason that such loeally differing 
exposure patterns are bound to exert an ime- 
portant influenee upon the epidemiologieal char- 
acter and incidenee rates of pulmonary eancers 
of various regions; each one of the various 
earcinogens would produee itg own epidemi- 
ologieal seatter pattern showing a diminishing 
spread of cancers from multiple earcinogenic 
production foci. 

The following three main types of exposure 
to environmental atmospherie enrcinogens may 
be distinguished: 

1. General environmental atmospherie ex- 
posures to certain aliphatic and polyeyelie 
hydrocarbons released into the atmosphere as 
incomplete eombustion produets of domestie 
and industrial and ship fuels, as parts of the 
exhaust fumes of gasoline and diesel engines, ns 
abrasion produets of rubber tires, and as dust 
from asphalted and oiled roads; exposure to 
arsenienls contained in the mineral ash and soot 
of burned conl and in the eflluents of certain 
metal smelters, and related to the lnrge-seale 
use of arsenical pesticides; and exposure to 
radionctive material either naturally relensed 
from the soil and from bodies of water or pollut- 
ing the atmosphere as the result of nuclear 
explosions, 

2. Specinl and Jocally restrieted atmospherie 
exposnure to carcinogenie pollutants of the air 

Public Health Monograph No. 36, 1955 
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exists in the vieinity of nonferrous metal smelt- 
ers relensing in their eflluents and from their 
slag heaps fumes and dust containing nickel, 
arsenicals, chrominm compounds, and berylli- 
um. Similar exposure exists in the vieinity of 
carbon black plants, oil refineries, tar distilleries, 
gns plants, and similar industrial establish- 
ments producing large amounts of soot or other 
polyeyelie hydrocarbon containing ellluents, 
andl in the vieinity of radioactive ore mills and 
atomie energy plants, 

The individualized type of air pollution con- 
neeted with the smoking of tobaeco, with its 
suspeeted earcinogenie hazard to the lung in 
the special form of cigarette smoking, may be 
included in this type of exposure to atmospheric 
carcinogens., 

3. During the last 75 years, an increasing 
number of specifie chemieal and physical agents 
have either definitely been recognized or are 
strongly suspected of being responsible for the 
appearance of cancers of the nares, paranasal 
sinuses, larynx, and lung among members of 
certain occupational groups. These specifie 
oceupntionnl exposures are associnted with the 
inhalation of coal tar and piteh fumes and dusts, 
mists and fogs of petroleum derivatives, soot, 
vapors of isopropyl oil, that is, the erude liquor 
from which isopropyl alcohol is distilled ; arsenie, 
nickel, chromium compounds, ashestos, and 
ionizing radiation. Sinee the available evidence 
establishes such eareinogenic connections with 
only some, but not with all, inhalants, such as 
silica or conl dust, it is apparent that carei- 
nogenie aetivities are not associnted with all 
atmospherie pollutants, 

Occupational Respiratory Cancers 
The respirntory ecancers of recognized or 

strongly suspected ocenpational origin nre im- 
portant, not only as industrial disense manifes- 
tations but also as prototypes of ctiologically 
and topographically identieal eancers affeeting 
workers in other, similarly hazardous occupa- 
tions as well as of those eancers involving an 
indefinite portion of the general population sus- 
taining for environmental reasons contacts 
with the same mdustry=related earcinogens, 
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Physicochemical State of Mmospherie Careino- 
gens and Topographical Distribution of 

(ancers in the Rexpivatory Tract 

In agreement with observations made as to 
reasons for the topographieal distribution of 
environmental caneers in other duet systems 
(urogenons and alimentary eanal), respiratory 
cancers of environmental origin are preferably 
ocenpying sites where (@) the flow of the inhaled 
polluted air is interfered with, that is, in the 
normal narrows of the respiratory traet, such 
as the region of the nasal turbinates and the 
larynx or its bronchial bifureations, or (5) where 
the respiratory tract forms dead end saceuln- 
tions, such as the paranasal sinuses and the 
peripheral bronchiolar regions of the lung, in 
which inhaled eareinogenic matter may accu- 
mulate, condense, and precipitate. The traflie 
pattern of air pollutants in the respiratory traet 
thus corresponds to the distribution pattern of 
respiratory cancers elicited by atmospherie 
CArCinogens., 

The second principal factor which determines 
the loealization of an environmental cancer 
within the different sections of the respirntory 
tract is represented by the physicochemienl 
status of a particular earcinogen, sinee this con- 
dition lnrgely influences the site or sites of chief 
exposiire to an atmospherie careinogen. Car- 
cinogenie dusts consisting mainly of coarse 
partieles are mainly arrested in the nares, where 
they enuse caneers of the turbinntes. The 
musal eancers observed among copper-nickel 
matte refinery workers inhaling the coarse dust 
of the roasters illustente this intervelation. 

The excessive incidence of larynx eancer 
among mule spinners inhaling earcinogenie 
shale oil sprayed from the revolving spindles 
likewise provides another example of this meech- 
anism beennse it is hikely that the relatively 
large droplets of this il are arvested in the upper 
portions of the respientory traet, making the 
norrow = of the nrynx the port of main exposure, 

Dusts or mists composed of purticles inving 
a dinmeter below 4 mierons, on the other hand, 
peneteate into the deeper parts of the respirn- 
tory svstem and therefore are mainly respousible 

22 

for the eancers of the bronehi. The bronchio- 
genie enneers found nmong chromate manufae- 
turers, ashestos workers, and coke oven and gas 
retort workers nre representative of this type of 
exposure. Atmospherie pollutants of gaseous 
and vapor types not only penctrate into the 
lungs but also into the nasal sinuses, where the 
may be deposited by degradation into s 

~(radionctive gnses), by decomposition into solids 
(nickel enrbonyl), or by condensation and poly- 
merization into liquids or solids (aliphatic epox- 
ides contained in erude isopropunol liquor)., 

In assessing the relationship between the 
physicochemical status of atmospherie carcino- 
genie pollutants and the localization of cancers 
within the various parts of the respiratory tract, 
consideration also must be given to the fact that 
gaseous and liguid earcinogens may become ad- 
sorbed to the surface of carcinogenically inert 
solid dust particles and behave under such con- 
ditions more like solid particles. Such com- 
binations, for instance, oceur in relation to the 
exposure to radioactive gases adsorbed to rock 
dust in uranium mines as well as coneerning the 
inhalation of liquid or solid aliphatic and poly- 
cyclic earcinogenie hydrocarbons adsorbed to 
the surfuce of mineral road and industrial dust 
or of carbon constituting the bulk of soot. 

The first evidence indicating the existence of 
causal relations between environmental factors 
and the development of eancers of the lung was 
recorded in 1879, when Hirting and Hesso 
established the cancerous nature of the lung 
diseases prevalent among the radioactive-ore 
miners in Schneeberg, Saxony. This discovery, 
of historical importance and great present sig- 
nificance, attracted little attention at the time 
beeause radioactivity was still an nnknown fact 
and cancers of the lung were comparatively rare 
hefore the tuen of the century and therefore of 
little medieal interest, 

It was not until the third and fourth deendes 
of this eentury that additional, well-defined 
oceupationnl aetivities and environmental 
agents were again related to the enusation of 
caneer of the lung nnd other parts of the respira- 
tory teaet, that is, the nasal eavity, paranasal 

Enviconmental Cavuses of Cancer of the Lung 
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sinuses, and larynx, Among these additions to 
the Jist of enviconmentnl vespirntory cancers 
were the lung caneers among ehromate manu- 
facturers (19:35), of nshestos workers (1035), of 
arsenic workers (1930), and of coke oven opern- 
tors (1936), the eancers of the nasal eavity, para- 
mwnsal sinuses, and long smong coppersnickel 
smelter workers (1932), the earcinomas of the 
nasal sinuses among Juminous-dinl - painters 
(1931), the cancers of the nnsal sinuses, laryny, 
and Jung among isopropunol manufnetarers 
(1946). and eancers of the larynx and lung 
among workers exposed to lubrieating oil 
sprays or mists (1936, 1049). 

Specific Carcinogens 

Inorganic Chemicals 

NICKEL 

Nickel, one of the most industrially important 
metals and principally mined in the Sudbury 
district of Ontorio, Canada, has many uses: 
alloys (iron, copper, chromium, aluminum, 
cobalt); molybdenum (employed in the manu- 
facture of stainless steel, heat resisting steels, 
forgings, casts, wires, sheets, structural shapes, 
tubing, rods, bars, strips, and so on); clectro- 
plating; eatalysts; ceramic enamels and colors; 
pigments in paints and inks; storage batteries, 
and so on. 

Exposure to nickel fumes and nickel dust of 
metallie nickel and its compounds or to nickel 
carbonyl vapors is, therefore, frequent for indus- 
trinl workers of many types and in many opera- 
tions. While skin contaet to nickel and nickel 
salts not infrequently results in the development 
of an apparently allergic type of dermatitis, 
inhalation of the volatile nickel earbonyl has 
been responsible for an appreciable number of 
acute and often fatal poisonings. The pul- 
monary manifestutions (congestion, desquamn- 
tion of alveolar epithelinm, fibrinous acellular 
exudation into alveolar spnees, bronehinl mu- 
cosal hemorrhages) are apparently attvibutable 
to the toxic action of finely dispersed nickel 
formed from the disintegration of nickel enr- 
bony! upon the pulmonary stroetures. Keafft 

Public Health Monogreaph No. 36, 1955 

suggested that these renctions are the result of 
n nickel sllergy having the lung as its shock 
organ, ; 

The first report coneerning the occurrence of 
an exeessive pumber of eancers of the nasal 
passages (nasal cavity and paranasal sinuses) 
and of the lungs among workers of the Clydach 
plant of the International Nickel Company, 
loeated at South Wales, England, was made 
by Grenfell in 1932, although the first appenr- 
ance of these neoplasms among the nickel 
refinery workers was noticed in 1924 (Bunder). 
Subsequent reports dealing with these cancers 
were made by Stephens; Amor; Cooper (E. 11.); 
Curozzi; Bridge; and Merewether, From 1923 
to 1048 inclusive, there were reported to the 
Chief Inspector of Factories a total of 47 enses 
of cancer of the nose and 82 cases of cancer of 
the lung from the nickel works. By the end of 
1048, 46 of the workers with nasal cancer and 72 
of those with lung ecancer had died. None of 
the patients with nasal eancer and only 2 of the 
patients with lung cancer had commenced work 
in the nickel refinery after 1924, when a recon- 
struction of the plant had been carried out. 
The average exposure period for the nasal can- 
cer patients was 23 years (range, 3-26 years), 
and for the lung eancer patients, 25 years (range, 
1-33 vears). No cases of cancer of the larynx 
have oceurred, and only 1 cancer of the nuso- 
pharynx was observed at Clydach. 

The nasal eancers involved the turbinates, 
nasal septum, and paranasal sinuses (eth- 
moids). Of these, the majority were of the 
undifferentinted eell type (6), some showed a 
squamous cell character (3), while columnar 
cell earcinomas were uncommon (1). Of the 
lung eancers, of which histological studies were 
available in only 4 cases, 3 were of the small 
cell, pleomorphic type, while 1 was a squamous 
cell earcinomn, 

Similar observations were recently recorded 
from a Norwegian nickel refinery, where 3 cases 
of lung eancer were seen (Loken). In one of 
these enses n squamous ecell earcinoma was 
associated with sarcoid lesions, 

Goldblutt and Wagstafl mentioned that so 
fur cancers of the respiratory tract have not 
been noted among the workers employed at . 
the Germun nickel refinery st Ludwigshafen, 
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not has there been reported an unusual fre- 
queney of respiratory eancers among the work- 
ers of the Sudbury nickel ore mines and smelters 
in Canada, although several eases of nasal sinus 
cuncers were reeently seen in one Cunadian 
nickel plant. ' 

Amor pointed out that the majority of indi- 
vidunls employed at Clydach who developed 
respiratory cancers were not exposed to the 
inhalation of nickel carbonyl but to that of 
nickel matte dust or dust from the nickel matte 
roaster (Leken). More recent data communi- 
eated by Morgan confirmed this observation, 
although exposure to nickel earbonyl vapors 
had occurred more frequently among the af- 
fected workers than was apparent from the 
data previonsly given by Amor. The rela- 
tively high incidence of cancer of the nasal 
eavity indecd suggests that a rather conrse par- 
tienlate dust readily arrested at the region of 
the turbinates may have heen sctive in the 
production of cancers at this particular site, 
while nickel-containing vapors or a very small 
particulate dust most likely account for the 
cancers of the lung and nasal sinuses, 

As to the causative agent, varions theories 
have been advanced. Amor favored the con- 
cept that the inhalation from arsenie-containing 
sulfurie acid used in the refining process was 
the active earcinogenic agent. It is most 
unlikely that this is correet because the nickel 
refinery workers do not suffer from perforated 
nasal septa and display no evidence of chronic 
arsenicism such as dermatosis and cutancous 
eancers, which almost always have accompanied 
the oceurrence of lung cancer among workers 
exposed to arsenical dusts or fwmes (Hueper). 

Amor stated that the refined nickel-copper 
ores are free from radionetive matter. The res- 
piratory cancers observed among nickel refinery 
workers thus are not identieal in etiology with 
those seen in miners employed in the radioactive 
mines of Sehnecherg and Joachimsthal, 

Workers employed at the roasters, in the 
nickel earhonyl operation, and in other parts 
of the plant, on the other hand, beeome exposed 
to the inhalation of dust, fumes, or vapors con- . 
taining nickel. Nickel is the common denomi- 
nator for all of them. 1t thus is most probable 
that the respiratory eareinomas obseryved nmong 
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nickel refinery workers are reaction produets to 
more or less linely dispersed nickel particles or 
vapors, There is no evidenee available, how- 
ever, whieh indientes that the inhalation of 
nickel in particulate or vaporized form is ne- 
companied by pulmonary changes of & pneumo- 
coniolic¢ nature, 

I'he coneept of n nickel etiology of respiratory 
enneers was tested in animals by Camphell, who 
exposed miee 1o the inhalation of powdered 
nickel matte and observed that these animals 
had o lung tumor incidence significantly higher 
than that of the unexposed control mice. The 
recent experiments of Hueper seem to demon- 
strate more conelusively the earcinogenie prop- 
crties of metalliec nickel. When pure metallic 
nickel powder was implanted into the femoral 
and pleural eavities and subeutaneous tissue of 
175 rats, cancers developed at the site of injee- 
tion in 50 of them, 

Whether or not nickel assumes a earcinogenic 
role for cancers of other organs and following 
exposures by othier routes is uncertain. It may 
be mentioned, however, that Araki and Mure 
demonstrated, by speetrographic methods, 
nickel in human and animal eancers of various 
types and sites. The nickel content ranged from 
6.273 mg. per kilogram of fresh tumor tissue to 
0.2 mg./kg. 

No assessment of the degree of oceupational 
nickel eaneer hazard can be made from the data 
available since the number of workers at risk is 
unknown. Likewise, no definite opinion ean 
be expressed as to the possible existence and 
extent of respirntory cancer hazards for persons 
having for other reasons contact with dust, 
fumes and vapors containing nickel or its com- 
pounds. 

CHROMIUM 

Chromium as a metal, alloy, or compound is 
used for many purposes in industry. It is for 
this reason that a large nmumber and variety of 
workers have contaet with ehromium and ehro- 
minm compoundsand that even restrieted groups 
of the general population may possibly be- 
come exposed to these agents in the form of dust, 
vapor, fumes, mist, liquids, and solids (Bourne 
and Rushin). Workers most likely to be ex- 
posed to chrominm and its compounds are 
neetylene workers, aniline workers, bleachers, 

Environmental Causes of Cancer of the Lung 
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blueprinters, chrome workers, ehrominm platers, 
chromate manufacturers, ehromite miners, ermy- 
on makers, dye workers, electroplaters, enamel 
workers, glass and pottery frosters, glass color- 
ers, pottery glazers, artificial flower makers, 
battery makers, linoleum workers, paint mak- 
ers, ink makers, painters, photographic work- 
ers, photoengravers, polishers, printers, rubber 
workers, steel workers, tannery workers, vul- 
canizers, waterproofers of textiles and paper, 
welders, users of chromate antirust agents in 
railroad engines, automobiles, steam heat. in- 
stallations, and bitumen and oil refinery workers, 

An environmental atmospherie contamina- 
tion with chromium compounds may result 
from the release of chrominm-containing indus- 
trinl wastes of chromate plants and of oil 
refineries using a chirominm-containing silica 
eatalyst for the eatalytie erncking of oils, An 
environmental spread of chiromates may also 
follow the use of such compounds as antirusting 
agents in automobiles and for anticorrosive 
conting of airplanes. Sinee many “of the 
industrially used chromium compounds exert 
0 corrosive action on tissues, skin contact 
and/or inhalation of such agents results in the 
development of ehrome uleers of the skin and 
nasal septum which in turn provide definite 
proof of an existing health hazard. Com- 
menting on the appesrance of such manifesta- 
tions among workers in new industries using 
chrominm compounds, the Chiel Inspector of 
Fuctories of England and Wales remarked in 
his report of 1944 that “the control of old 
hazards in new industries is of interest to others 
ns well as to the student of industrial health, 
for it would seem that in muny eases the hazard 
is not recognized until damage to tissue has 
been done, when old principles have to be 
relearnt and adapted to new uses.” 

This reflective observation seems to be quite 
approprinte when contemplating the possible 
existence of respiratory eancer hazards for 
individuals employed in the numerous indus- 
trinl operations for which no pertinent pub- 
lished data of any Kind exist at the present time, 

The observation of apparently” ocenpation- 
commeeted eancers of the respirntory orgnns, 
especially the Tung, has been limited so far 
to two (ypes of operations, the produection of 
chromates from chromite ore and the manu- 

Public Health Monograph No. 36, 1955 
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facture of cortain ehromium pigments (zine 
chromate, barium chromate, lead chromate). 
In these operations, both water-soluble and 
insoluble chrominm compounds are inhaled by 
the exposed workers. The chemieal nature of 
the actual earcinogenie agent which is respon- 
sible for the excessive linbility of chromate and 
chromium color workers to eancer of the lung 
is still controversial, 

Although all investigators believe that some 
chromium compound or compounds are causally 
involved, it has remained uncertain whether 
the compounds suspected are hexavalent or 
trivalent, water soluble or insoluble, mono- 
chromates or dichromates. Water soluble 
chromium compounds (monochromates, di- 
chromaltes, and zine chromate) are most often 
ineriminated, 

Mancuso and TTueper recently pointed out 
that it may be more likely that carcinogenic 
effects are elicited by chromium compounds 
which are either not soluble in water or are 
only slightly so, beeause such chemicals, when 
inhaled as dust, would be retained and deposited 
in the lung and thus exert a prolonged clfect 
upon the pulmonary tissues. Such chromium 
compounds present in a chromate plant would 
be represented by ehromite ore and its early 
conversion produets preceding the formation 
of monochromates, These little water-soluble 
trivalent chromium compounds oceur in the 
material present in mixers and roasters and 
are contained in the slag which usually is stored 
for future use in the yard area of the plants, 

Supporting this concept as to the chemieal 
nature of the enveinogenie chromium compounds 
is the fuct that workers as well as animals ex- 
posed to the inhalation of ehromite ore dust 
have not only a high chromium content of the 
lungs but also an excessive blood chromium 
level (Maneuso and Urone). Recent experi- 
ments on rats which inhaled finely powdered 
chromite ore dust showed that after 18 months 
a chromium level of 13.0 and 17.0 gamma, re- 
spectively, in 100 ce. of blood was found in 2 
rats studied. “This finding, moreover, definitely 
establishes the faet that a fraction of the chro- 
mium contained in chromite ore is solubilized 
in the pulmonary tissues and discharged into 
the blood. 
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Additional support of a eausal role of triva- 
lent. compounds may be dervived from the ob- 
servation that 10 of the 20 chromate workers 
with lung eaneer reported on by Alwens nnd 
dJonas in 1938 were not employed within the 
manufneturing buildings or were repair men 
or maintenance workers (blacksmith, glazier, 
driver, welder, or manufacturer of sulfuric and 
hydroehloric acid, produced in a nearby build- 
ing). While all of them probably had some 
exposure to chromates, it is likely that their 
contact with chromite ore dust or with dust 
from the slag heaps coutaining more or less 
“insoluble” chrominm compounds was much 
more pronounced (Manenso; Urone and Anders; 
Bourne and Yee; Buckell and Harvey). 

As the result of the retention of “insoluble” 
chromium compounds in the lung tissues, there 
develops a blackish spotty pigmentation and a 
spotty fibrous thickening of the peribronchial 
and interstitial tissue where the chromium dust 
particles are deposited. This pneumonconiotie 
condition ealled chromitosis was deseribed by 
Andrievsknya and Mislavskaya in chromite ore 
miners, and by Lukanin; Letterer, Neidhardt, 
and Klett; and Mancuso and Hueper in ehro- 
mate manufucturers, [t was produced experi- 
mentally in rabbits by Lukanin. Letterer re- 
ported a chrome silicosis in a polisher in an 
iron foundry who inhaled silien and chrominm 
oxide dust. 

While the attempts of Gross and Koelsch 
and of Campbell to produce lung eancer in 
mice by exposing them to chromate dust were 
unsuceessful, Sehinz and Vollmann, who im- 
planted powdered chromiom metal into the 
femoral eavity of rabbits observed after more 
than 3 vears, 1 animal with eancer of the hung, 
aned 1 with enncer of the femur, 

It is definitely surprising that an exeessive 
linhility (o lung enneer ns been estublished so 
fur ouly for chvomate workers in Germany 
(Preil; Mwens and Jonns; Teleky; Cavozzi; 
CGiross and Koelseh; Alwens, Bauke and Jonas; 
Lebaann Marvtineek ; Gross; Koelseli; AMwens 
aned associntes; Goldblatt and Wagstall) and 
in the United States (Machle and Gregorius; 
Gregovius; Baetjer; Hueper; Maneuso and 
Hueper; Imprescin; Division of Occupational 
Health, U. 8. Public Health Service) and in 
chrome pigment workers in Germany (Bander; 
Gross and Koelsch; Tettever, Neidhardt and 
Klett). Bidstrup found a single case of lung 
eancer upon X-ray examination of the chest 
of 321 chromate manufacturers employed 
for more than 10 years in English plants, while 
no data exist on this point in regard to chro- 
mate-producing or -consuming plants in other 
countries, such as Switzerland, Italy, and 
France. 

Apurt from the excessive frequency of lung 
enncers among chromate workers which, ac- 
cording to Ameriean observations, ranges from 
13 to 31 times the normal frequeney of lung 
eancers among the general male population, nn 
occupational origin of these cancers is strongly 
suggested by the shift of the age distribution 
toward younger age groups. This is particularly 
striking for the lung eancers present among 
German chrome pigment workers, sinee 50 per- 
cent of the cancers affected individuals before 
the age of 40 years, when lung caneers of un- 
known ctiology are relatively infrequent (tablo 
22). 

The quantitative data on the chrominm con- 
tent of various organs imd blood of persons with 
chrominm lung enncer hinve been reported by 
severa] investigntors (Alwens and Jonas; Let- 

Table 22. Age distribution of cases of chromium cancers of the lung, aceording 1o type of worker 

Cype of worker 

| 

y | 
American chromnte . _ 

Cerman chromate | " . | e i 
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Cierman ehrome pigment -. - 
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Age (yeurs) 
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terer, Niedhurdt and Klett; Maneuso and 
Hueper). Spannagel recently noted n peculiar 
behavior of the chromium content of the blood 
and urine in chromate workers hefore and after 
the development of Tung eancer. 1t was found 
that in chromate workers the normal urinary 
exeretion of chromium censes with the develop- 
ment of lung eancer while simultancounsly the 
blood chromium level becomes elevated, [If 
confirmed, this observation may have distinet 
importance in enusal, metabolie, and dingnostie 
respects, 

With the exeeption of 2 eases -1 eancer of 
the nares (Newman) and 1 eancer of the 
maxillary sinns (Goldblatt and Wagstafl) ~the 
lung was the exclusive ite of respirntory eancers 
observed among chromate workers. The total 
number of these eancers is at present around 
125 eases from all sourees. None has been 
reporte] as originating from nasal septum 
uleers, 

Chromium pneumoconiosis thus seems to 
accompany the development of cancer of the 
lung in chromate and chrome pigment manu- 
facturers. It is uncertain, however, whether 
the pnenmonoconiotie process plays an essential 
or modifyving role in the specific cancerization 
process or whether it is merely a phenomenon 
of coincidental coexistence, 

ARSENIC 

Arsenicals represent a byproduet or waste 
product of the smelting of many ores (copper, 
zine, silver, cobalt, antimony, iron, bismuth, 
nickel, tin, and lead). Arsenicals are present 
in the smelter fumes and slag heaps. They are 
extensively produced and used, especinlly dur- 
ing past deeades, as inseeticides, fungicides, and 
vermicides (sheep and eattle dip, grasshopper 
bait, rat poison), ns well as a herbicide, especial- 
ly for clearing railroad rights-of-way. Arsenieals 
are applied as sprays (o orchards and vineyards 
and are dusted from airplanes upon cotton, 
corn, soyhean, and potato fields. They are em- 
ployed as wood preservatives, in the manu- 
facture of glass, lead-base alloys, dyestufls, 
bhronzing and paint pigments. and medicinal 
andd cosmetic preparations (Mote), Arsenie 
and s compounds constitute, necording o 
“Euvironment and Health,” a0 health hazard 
for 35,251 workers employed in American in- 

Public Health Monograph No. 36, 1955 
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dustries, This definitely is a very conservalive 
estimute of the number of exposed workers, 
considering the long, although incomplete, list 
of different oceupations entuiling contaet with 
ursenieals given by Chamberlain, The estimate, 
moreover, does not include the rather consider- 
able number of persons who are exposed to 
arsenienls for purely environmental reasons by 
ingesting arsenieals with foodstufls contami- 
nated with arsenieal insecticide residues, by 
consuming drinking water polluted with amsen- 
icals lenched into drinking water supplies from 
mine and smelter dumps, or by inhaling arsen- 
icals released into the air from industrial 
establishments or by small- or large-seale dust- 
ing operations of arsenical pesticides, 

From the published evidence, it appears that 
environmental and nonoccupational contacts 
with arsenieals have been responsible in recent 
decades for the majority of cases of chronic 
arsenicism and cutaneous arsenical cancers 
(Neubauer; Hueper; Arguello, Tello, Macola 
and Manzano; Butzengeiger; Baader; Nieberle; 
Hofmann; Prell; Holmquist; Montgomery nind 
Waisman; Cannon; Arhelger and Kremen; 
Straube; Bolnenkamp; Hanser and Simon; 
Gonnet ; and many others). 

While the eausal role which arsenic plays in 
the production of eancers of the skin on the 
basis of chronic arsenicism of oceupational, 
medicinal, or environmental origin has long 
sinee been firmly established, it is rather recently 
that exposure to arsenicals has seriously been 
considered as n principal enusal agent of caneers 
of the mucous membranes, such as those of the 
bronehi, stomach, and bladder. Indeed, today 
there exists as yet only highly suggestive but 
not conclusive evidence linking eancer of the 
lung with an occupational exposure to arsenieal 
dust. However, in almost all cases of lung 
cancer for which such elnims were made, there 
existed stigmata of chronic arsenicism in the 
form of arsenic dermatosis with or without skin 
eancers. The inhalation of arsencial dust and 
fumes induces rather frequently the develop- 
ment of perforated nasal septa ns well as chronic 
irvitative econditions of the bronehi, thereby 
erenting o symplomatic eancerigenic pattern 
similur to that seen in chromate workers, 
Under sueh cirenmstanees, the existence of o 
cunsal relationship between eancer of the lung 
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and chronie arsenicism appenrs to be o rensons 
able conclusion. Chest and Xeray examina- 
tions of 40 workers employed in an arsenie 
smelter revealed a mild degree of pnenmoconi- 
osis (Snupe). 

Although Saupe himself did not discover nny 
evidence of lung cancer among the workers 
studied —even though they often were afllicted 
hy hyperkeratoses of the skin and perforated 
nasal septa—he cited the autopsy observations 
previously made by Schmorl on 2 arsenie 
smelter workers who died from ecancer of the 
lung (Teleky). Frommel briefly mentioned 
the oceurrence of a cancer of the lung in a 
taxidermist who used an arsenieal powder for 
dusting the pelts of animals. Four additional 
eases of lung enneer in sheep dip workers with 
arsenie dermatosis noted in one of these were 
reported by Merewether, while THopking and 
Van Studdiford observed in a farmer living 
near a cotton field sprayed with insecticides, 
arsenieal dermatosis, epitheliomas and eancer 
of the ling. The ocenrrence of 5 eases of Jung 
eancer (Merewether; Hopkins and Van Studdi- 
ford) among only 24 individuals suffering from 
occupntional arsenieal dermatosis and epitheli- 
omas eaused Neubauer to wonder whether this 
is mere coincidence, beeause only 2 cases of 
lung eancer were observed among 143 cases of 
medicinal arsenie cancers of the skin (Russell 
and Klaber), or whether under oceupational 
conditions the irritation of the respiratory 
tract by arsenical dust was responsible for 
the phenomenon. 

Henry, commenting on the occurrence of skin 
cancers among sheep dip workers (1910-23), 
recorded 2 additionnl enses of lung cancers 
among 10 such workers who lad eutancous 
cancers. He mentioned, moreover, the pres- 
enee of cancers of the left foot, abdominal 
wall, and lung in a furnaceman in a sodium 
arsenite factory, Analyzing the mortality ex- 
perienee of a sheep dip factory, Hill and Fan- 
ing found that 7, or 31.8 pereent, of the 22 
cancers eausing death among members of this 
group were loeated in the respiratory organs, 
while 3, or 3.6 pereent, were situated in the 
skin. There were during the peviod 1910 43 
a total of 75 deaths from all enuses wmong 
workers in this factory. The proportional 
exeess of caneer deaths was mainly attributable 

to an exeessive frequency of eaneers of the 
Tangz aned skin, which were confined to workers 
in the chemieal processes and were absent 
among members of the genernl gronp who would 
be unlikely to be exposed to any specific hnzard, 
Perry, Bowler, Buekell, Denett, and Schilling 
concluded from the clinieal evidenee obtained 
that, after many years of exposure to arsenicals, 
these sheep dipworkers may developa squamous 
cell earcinoma in the hronchus. 

The most recent addition to epidemiological 
investigntions on arsenie cancer was made by 
Snegirell and Lombard in studies of cancer 
deaths among employees of several metallurgi- 
eal plants of unidentified type. Of the total 
of 109 deaths from all causes recorded during 
the Inst 25 years, 12 were due to cancer of all 
sites, and of these, 6 were loeated in the lungs. 
The investigators coneluded from this evidence 
that “there are indications that biologically 
the human rece made the adjustment to 
arsenic in the environment and that only 
rarely, when associated with other contributing 
endogenous factors such as systemic disease, 
or possibly factors such as radiation, it may 
be eapable of upsetting the biological equilib- 
vium”; and further “that the handling of 
arsenic trioxide in the industry studied does 
not produee a significant change in the cancer 
mortality of the plant employees; hence other 
factors in addition to arsenic must be con- 
sidered significant in the eausal relationship 
to eancer,” 

In view of the fact that 30 percent of all 
enneer deaths among employees of one plant sur- 
veyed were eaused by eancer of the lung, the 
observations made in fact strongly suggest a 
earcinogenie action of inhaled arsenie trioxide 
upon the tissues of the lung of the exposed 
workers. This interpretation of the data of 
Snegirell and Lombard is supported by the 
high incidence of lung cancers among the 
population of several counties in Montana 
where copper smelters and mines were operated 
for many years, creating an oceupational and 
environmental pollution of the atmosphere and 
soil with arsenieals, Prolonged inhalation of 
arsenieal dust and fumes appears to produce 
an wneveased linbility to caneer of the lung 
(table 23). 

However, the existence of such connections 
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Table 23, Lung cancer mortality in several Montann countios, 1917=18 (Lull and Walluch) 

Number lung Percent lung mm 
County and total M indiaty Total Total | ate/100,000 
population 1910 ajor ¥ m 

Fe- Fe- 1 Fe- ' Male | e’ Male | =ole Male? oo 

Deer Lodge, 13,627 | Copper smelting *. ... 21 0 21 098 [ 30.8 | 0.0 |145. 7 0.0 
Silver Bow, 53,207_.....| Copper mining* . ... 27 | 2 29 250 {226 | L6 | ARG 39 
Casende, 41,090 | Copper mining, smelting?.| 20 5 25 200 [ 1271 35| 463 123 
Gallatin, 18,269 . ____ Agriculture. . . . ..oa... 1 0 1 81 30 .0) 52 .0 

! Personal communication of unpublished data, 
? The extimated ernde death rate for lung cancer among white males in the entire United States in 1947 was 

109 P" 100,000 population. 
The workers employed in copper ore mining and smelting inhale dust and fumes of arsenic contained in the 

ore and released as a byproduet and waste produet during the smelting process. 

should be acknowledged only when there 
existed at some time clinical and, if possible, 
histologienl and biochemienl evidenee of chronie 
arsenicism. In view of the absence of any 
such evidence associnted with chronic arseni- 
cism among the nickel refinery workers affected 
by cancers of the nasal eavity, paranasal 
sinuges, und lung, and among excessive tobacco 
smokers with cancer of the larynx and lung, 
it is most wnlikely that exposure to arsenic 
dust, fumes, and vapors plays any role in the 
production of respirntory eancers in members 
of these population groups. 

The extensive production and use of various 
types of iron and of diverse iron products offers 
frequent opportunities for the inhalation of 
dust and fumes of iron and its various alloys 
and compounds by iron ore miners, are welders, 
grinders, polishers, silver finishers, and metal 
workers. 

The resulting red or black siderosis eansed by 
pulmonary retention of Fe, 05 or of ¥e,0,11,0, 
respeetively, is considered an inert form of 
pueumoconiosis which does not enuse disability 
and which at least in part seems to be revers- 
ible. The deposition of iron oxide particles 
does not elieit in the lungs a progressive and 
marked fibrosing reaction unless the inhaled 
dust also contains silien, producing then a 
siderosilicosis, 

The coexistence of siderosis and eancer of 
the Jung has oceasionally been observed (Stew- 

Public Health Monograph No. 36, 1955 

art and Faulds, 1 case; Dreyfuss, 3 cases in 
watchmakers; Vorwald and Karr, 3 cases in 
hematite miners; Simons, 1 case in a blaster of 
iron casts). It may be mentioned, morcover, 
that Kennaway and Kennaway reported a 
2.25-fold incidence of pulmonary eancer among 
metal grinders and that Turner and Grace as 
well as Campbell noted an excessive frequency 
of lung cancer among metal workers. 

T'he most recent contribution to the problem 
of siderotic cancer of the lung was furnished by 
Faulds, who noted that among 192 iron ore 
miners coming to necropsy between 1932 and 
1953 there were 17 lung cancers (8.85 percent). 
Ehrhardt and Giithert, on the other hand, 
noted that red siderosis of the lung does not 
produce a special predisposition to lung eancer. 

The uncertainty existing in this respect is 
further illustrated by statistical data provided 
by J. W. Brower, Deputy State Registrar, 
Minnesota Department of Health, on the num- 
ber of deaths from lung eancer among iron ore 
miners residing in St. Louis and Itasca County 
(total number of miners, 13,313) against that 
of residents of Minnesota (population base, 
2,082,483). There prevails a consistently higher 
lung eancer death rate for iron ore miners for 
the S-vear period than that noted for Minne- 
sota residents (table 24), 

Experimental studies on animals exposed 1o 
iron oxide nnd hematite, respeetively, gave con- 
tradictory results as to the production of lung 
tumors. While Vorwald and Karr, using guinea 
pigs and rats, failed to obtain lung eancers with 
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Table 28, Denths due 1o cancer of the lung among 
iron ore miners and 

+ (Brower) 1950=34 

- - - 

Number of denths ”".'&,:8:’", pey 

Year | R Ny 
Minne- s‘l.hilfl‘.. Minne- m"::‘_":"' 

""'.' r;-l- Connty ml|n "“" County 
A miners | TM L iners 

1050 ... A28 5 1.0 7.6 
1, ¢ ISR | 289 1 0.7 30.0 
IR ese 329 12 1.0 00. 1 
10583....... 367 8 12.3 60, 1 
1954....... | 345 ) 1.6 060. 1 

hematite dust, Campbell reported an increase 
in the number of lung tumors in miee exposed to 
iron oxide over that of the control series, 

When the available evidence is viewed eriti- 
cally, it is still uncertain whether an exposure 
to iron dust conveys an abnormal liability to 
lung cancer. Although Warren and Drake 
recently concluded that the development of 
primary carcinoma of the liver as a sequela of 
hemochromatosis apparently depended in part 
on the intracellular deposition of iron, such 
considerations may not neeessarily be applicable 
to pulmonary siderosis and eancer. 

However, thorough and comprehensive epi- 
demiologienl data on the ineidence of lung 
cancer in workers exposed to iron dust are not 
available. Tlence, a definite conclusion on this 
problem must be withheld. The availability of 
conclusive information on this point appenrs to 
be urgent, in view of the suggestive evidence 
recorded by Faulds and beeause of the fact that 
damages have been allowed in the past by court 
action in at least one ease of cancer of the lung, 
in the production or aggravation of which the 
inhalation of steel dust was alleged to have 
played a significant role. 

BERYLLIUM 

Beryllinm is o metal which has found signifi- 
cant industrinl use only sinee about 1920, It 
wis not until about 1940 that beryllivm and its 
compounds were extensively employed for 
numerous purposes and produets (beeyllinm- 
copper, beryllivm-nluminum, and beryllinm- 
nickel alloys, glass, phosphors in fluoreseent 
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residents of Minnesota, Inmps and neon tubes, atomic energy products, 
ceramics, refenctories, Xeray tube windows, 
vitreous ennmel, radio tubes, textile fihers, gas 
mantles). It is evidently for this reason that 
untownrd effeets in persons exposed to the in- 
halation of dusts and fumes of beryllium nnd 
its various compounds have been recognized 
only during the last deeade. "These manifesta- 
tions were of hoth neute and chronie nature ns 
fur ns the respirntory organs were concerned 
(nevite beryllium pnenmonitis, chronie pnen- 
moconiotic granulomatosis, berylliosis). Some 
investigators used the term “sarcoid” in de- 
seribing the histologieally peculiar, pulmonary 
manifestations. It is remarkable morcover, 
that chronic berylliosis has appeared not only 
among exposed workers, but also among per- 
sons living in the neighborhood of fluorescent 
lamp factories and inhaling their beryllium- 
containing ellluents (Eisenbud, Berghout and 
Steadman; Eisenbud, Wanta, Dustan, Stead- 
man, ITarris, and Wolf). 

Similar observations on occupational beryl-" 
liosis were reported from Germany, Italy, 
England, Russia, and Canada. Not infre- 
quently, similar granulomatous lesions have 
been observed in other parts of the body after 
the usually traumatie introduction of beryllium 
dust, especially of beryllium phosphors from 
broken fluorescent tubes. The skin of the 
fingers and hands was the most frequent 
extrapulmonary location of these reactions. 
Beryllinm granulomas have also been found in 
the nose and in the anterior ocular strueture. 

It is noteworthy that beryllium apparently 
once inhaled is retained over a long period of 
time in the human body, since beryllium has 
been detected in the urine up to 10 years after 
cessation of exposure (Klemperer, Martin, and 

“an Riper) and has been demonstrated in the 
lungs of rats 1 year after the inhalation of 
bervllium oxide (Dutra, Largent, Cholak, 
Hubbard and Roth) as well as in their bones 
(Stokinger, Steadman and Root; DBarnes), 
where it may replare ealcinm, The skeleton 
retains the bulk of the beryllium in the body 
(5080 pereent) if the inhaled aerosols are 
soluble compounds, such ns beryllinm sulfate 
aidd beryllivm (lworide; the lungs retain the 
bulk of beryllium if the compounds are in- 
soluble, such as beryllinm oxide. Experiments 
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of Aldridge, Barnes, and Denz, moreover, have 
shown that beryllinm jons react rapidly with 
certnin tissue proteins nnd form compleses with 
plasma proteins when introduced into the 
blood. These complexes proteet the heryllium 
from being precipitated by phosphate ions, 

The metabolic peeulinrities of beryllinm com- 
pounds obtain special importance in view of the 
fact that Gardner in 1946 veported the produe- 
tion of osteogenie sarcomas in rabbits injeeted 
intravenously with insoluble herylinm-contain- 
ing powders (heryllium phosphate, zine beryle 
lum silieate). Other investigators subse- 
quently confirmed these results with the same 
aud other beryllium compounds (beryllium 
oxide, beryllium silieate, metallic beryvllium) 
introduced into rabbits by the intravenous or 
respiratory routes (Sissons; Barnes, Denz and 
Sissons; Hongland, Grier and Hood; Nash; Dutra, 
Largent, and Roth; Barnes). The preparatory 
period for the sarcomns was 11-24 months, 

Commenting on the successful produetion of 
osteogenic sarcomns in rabbits after inhalation 
of beryllium oxide, Dutra, Largent, and Roth 
noted the fact also that the bones of persons 
dying with berylliosis contained not inconsider- 
able amounts of beryllium. They came to the 
following conclusions: “During the last 20 
vears, considerable numbers of persons have 
been exposed to dusts of poorly soluble com- 
pounds of heryllimm in various industries 
throughont the United States. Despite the 
fact that enses of cancer of this type have not 
heen reported, it is possible that the inhalation 
of poorly soluble compounds of heryHiom mny 
eventuate in osteogenic sarcoma in man, Pre- 
sumably, the incubation period of such tumors 
wonuld be considerably longer in man than in 
rabbits, and obscrvations may be required 
over a period of years hefore it will e known 
whether persons who have been exposed to 
beryllium are prone to have such tumors 

Barnard also suggested that osteogenic sar- 
coma from coi pounds of beryllium “might 
possibly be another industrinl hazard.” So 
far, only rabbits have responded with the devel- 
opment of osteogenie sarcomas following the 
administeation of bervllium compounds, The 
direet introduction of powdered herylinm metal 
into the femoral eavity of rats, into the pleural 
cavity, and into the paranasal sinnses failed to 

Public Health Monograp's No. 36, 1955 

e 

elicit a single neoplastic response at the site of 
injection in any 1 of the 85 animals used within 
an observation period of 2 years (Hueper). 

When in 1948 Hueper proposed that the 
sarcoid pulmonnry manifestations of berylliosis 
might be followed by outright malignant lesions 
in the Jungs, this suggestion was reecived with 
a great deal of skepticism. The reeently 
reported suecessful production of bronchogenic 
carcinomas in the lungs of rats which, over 
periods of more than 1 year, inhaled dust of 
soluble and insoluble beryllinm compounds 
(Vorwald), however, makes the appearance of 
such delayed malignant sequelae in man a 
distinet possibility, especially as several cases 
with coexisting berylliosis and cancer of the 
lung have recently been observed (Kablau). 
In view of the established occupational as well 
as general environmental occurrence of hinman 
berylliosis, it may be pointed out that the dis- 
covery and identifiention of this pneumoconio- 
sis was definitely facilitated by the distinetive 
and definitive histological features of the dis- 
case. If these manifestations should be fol- 
lowed by the development of cancers of the 
bones and lungs, the establishment of causal 
relations between a previous exposure to beryl- 
lium and the subsequently appearing cancerous 
reaction would appear to be rather ecasy. 

The studies on the toxicity and earcinogenic- 
ity of beryllium compounds indicate that the 
toxic and cancerous manifestations are to be 
considered as responses to the action of beryl- 
T itsell and not ns the result of the associnted 
anions of its neidic salts (Stokinger, Sprague, 
and Hall). In considering possible future ear- 
cinomatous developments in persons with pre- 
vious exposure to beryllinm, some consideration 
also may be given to the toxic effect exerted by 
berylliom on the liver Jeading to the develop- 
ment of cirrhosis and to an impairment of the 
metabolic and detoxicating function of this 
organ (Aldridge, Barnes, and Denz; Hoagland, 
Grier, and Hood). 

Organie Chemicals 
COMMUSTION AND DISTILLATION PRODUCTS OF (COAL 

The apparent innocuousness of conl and, 
possibly, geaphite dust as respiratory earcin- 
ogens is not shared by the incomplete combus- 
tion, distillation, and hydrogenation produets 
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of vonl (piteh, tar, soot, ereosote oils, anthracene 
oils, tar oils, and highly viscons oily and tarry 
fractions obtained by the direet hydrogenation 
of conl employed by the Bergius process), The 
carcinogenie action of these combustion and 
di<tillation produets of conl on man and experi- 
mental animals has been established beyond 
any doubt, Although the bulk of the easuistic 
and epidemiological human evidenee of occupa- 
tional conl tar and piteh ecancers has come from 
England and Germany, it cannot justly be 
assumed that American-made coal tars, tar oils, 
ercosote oils and pitches differ fundamentally 
in their earcinogenic properties from those 
manufactured abroad. The exposures sustained 
by the numerous types of American workers in 
a great variety of occupations and operntions 
do not seem to differ from those found for their 
European colleagues, nor are the carcinogenic 
effects on the skin of these workers at variance 
with European observations. 

However, in addition to skin contact with 
these products of processed coal, there exists 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, 
was works, coke oven operations, rond construc- 
tion and repair work, roofing, brickmaking, 
foundries, furnace attendanee, railway engine 
driving, roundhouse operations, pickling of 
lumber, chimnoy sweeping, cork brick manu- 
facture, electrolytic metal production, and soon). 

Since the high boiling fractions of synthetic 
oils produced by the direct hydrogenation of 
coal through the Bergius process have been 
shown to be highly earcinogenic to the skin 
and/or subcutancons tissue of mice and rats, 
respectively, certain types of workers manu- 
facturing and using such products and inhaling 
fumes or mists of these enrcinogenie petroleum 
and tar oil substitutes may have a special lung 
cancer hazard, Manufacturing plants nsing 
the Bergius process have been operative for 
some 20 years in Germany and have recently 
heen constructed by several industrial concerns 
in the United States, 

Not only the environmental, but also to a 
greater degree, the occupational inhalation of 
dust, soot, and fumes produced by the incom- 
plete combustion of coal results in the develop- 
ment of a “soot lung,” enlled bituminosis, 
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which is charncterized by the deposition of 
finelv dispersed earbon particles contaminated 
with aydroearbons normally contained in conl 
tar in the interstithal lung tissue. Roent- 
genologieal changes may appear in the lungs 
wlfter many years of exposure to high concen- 
trations of soot in the nir inhaled. While the 
pulmonary deposition of small to moderate 
amounts of soot in the lungs, such as is com- 
monly found in inhabitants of industrialized 
regions, does not clicit any appreciable fibrous 
proliferations, massive storage of soot particles 
in the lung tissues may finally be associated 
with an inerease of the interstitial connective 
tissue and with pseudoglandular formations of 
peribronchial alveoli. 

The human evidence relating exposure to 
coal tar and pitch dust and fumes with an 
increased liability to cancer of the lung is not 
extensive and is in part controversial. 

The human evidence relating exposure to coal 
tar dust and fumes with an increased liability - 
to cancer of the lung is equivocal. Kennaway 
and Kennaway stated that “coal tar in the 
atmosphere, whether derived from roads, domes- 
tic chimneys, or any other source, does not 
cause an exceptionally high incidence of cancer 
of the lung.” A similar statement was made 
by Iugounenq and by Husted and Biilmann 
in regard to the liability to cancer of the lung 
for workers employed in the tar industry and 
in the construction and maintenance of tarred 
ronds. MecLaughlin did not find any lung 
cancer among 3,059 foundry workers subjected 
to clinical and X-ray examinations, although 
there were 3 deaths from lung cancer among 
64 denths from all causes. Menz recently 
reported that of 93 workers in Swiss gas plants 
who died during the 1926-46 period, 21, or 22.6 
pereent, died from cancer of all sites, thereby 
confirming previous English experience that 
workers in tar and pitch operations have an 
excessive liability to cancer in general. Iso- 
Inted obsorvations of lung eancer in workers 
exposed to the inhalation of tar fumes were 
made by Koclseh (blacksmith, tar worker), 
Ravienncker (briquette factory worker), and 
Miillsehitzky (tar worker). 

In an analysis of lung cancer deaths umong 
members of different occupationnl groups for the 
years 1933-38 Kennaway and Kennaway, on 
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the other hand, noted that an nhove-avernge 
(100) Tung enncer frequeney existed for the 
following ocenpations: gashouse workers, 129; 
gns stokers, 2845 gus producers, 202; gnsworks 
erane operators, 138; gnsworks superintendents, 
V3G printers, 119; ehimney sweeps, 119; 
asphalt workers, 164; metal polishers, 174; 
printers, 129; tanners, 141; street eleaners, 169; 
and automoblie drivers, 149, They recorded, 
moreover, a ninefold inerense of lung eancer 
amongg employees of a Canadian gas plant, 

Additionnl supporting information was pro- 
vided by the ohservations made among Jupanese 
generator gas oven workers employved in steel 
plants and among gnshonse retort workers in 
Canada and England (Kawahata; Kuroda and 
Kawahata; Cruickshank; Doll). The Japanese 
nvestigators found, within a 6-vear period, 21 
enses of Jung cancer among generntor oven 
workers who were exposed to the inhalation of 
hot tar fumes when stoking conl. An excessive 
lung eancer rate was absent umong workers 
employed in other parts of the steel mills, The 
general incidence of lung cancer among the 
generator gas workers was 5 per 1,000 workers 
employed. Seven of these 21 lung eancers 
oceurred in workers aged 40 years or younger 
(33 percent against 18 pereent in eryptogenetic 
lung cancers) (Hueper)., The exposure time 
varied from O yvenrs to 23 years, the average 
being 164 vears, Similar observations were 
recently made among Canadinn gashouse work- 
ers. Of 14 eases of eancer among retort house 
workers, 6 were due to eancer of the lung, 1 to 
cancer of the lnrynx, and 1 to eancer of the 
ethmoid sinuses (57 percent were eancers of the 
upper and lower respiratory tract). 

It is likely that similor lung cancer incidence 
rates may exist among Ameriean tar workers, 
Following u visit to a tar distillery where some 
25 skin cancers and more than 80 piteh warts 
had been observed among the 300 workers 
during an 8-vear period, there was found 1 case 
of lung cancer. Subsequent inquiries made by 
company officials brought the number of lung 
cancers in this and other tar operations to 6 
cases of cancer of the ung, 

From the evidenee available, it appears that 
the inhalation of tar fumes sustained by workers 
of certain operations (coke oven, generator s 
plants, gus plants, tar distilleries) seem to have 

Public Health Monograph No. 36, 19535 

e 

an excessive linhility to eancer of the respiratory 
tract. It is not unlikely that a more thorough 
and competent analysis of the denth records of 
otherworker groups, which haveso fur heen found 
to lnek sueh tendencies, might extend the ty pes 
mud number of tar and piteh workers having an 
abnormally high respiratory cancer rate, A 
recent obgervation of lung eancer in a worker 
exposed to heated piteh and asphalt poims to 
another source of occupntional pulmonary tar 
cancer of definite practieal importance (Pateh). 

PETROLEUM, SHALE OIL, AND NATURAL GAS 

The eareinogenicity of certain high boiling 
fraetions of petroleum and oil shale, as well as 
of the combustion products of some of these 
petroleum derivatives, such ns oil shale and 
natural gas, have definitely been deinonstrated 
not only on experimental animals but also on 
workers developing enncers of the skin after 
prolonged contact with these agents. Known 
carcinogenic chemieals, morcover, have been 
isolated from these petrolenm derivatives as 
well as their combustion products (Berenblum 
and Sehoental; Fiseher, Priestley, Eby, Wanless 
and Relner; Falk, Steiner, Goldfein, Breslow 
and Hykes; Waller; Rehner; Kotin and as- 
socintes.) 

In addition to skin contact with earcinogenic 
petroleum derivatives many workers are also 
exposed for occupational rensons to an inhala- 
tion of oil mist or fumes (workers in paraffin 
pressing operations, certain groups of oil refinery 
workers, spinners, metal Inthe workers, foundry 
workers, metallurgical workers, printers, and 
soon). In spite of this established occupational 
respiratory exposure (o petroleum and shale 
oils, there are on record only three eases of oil 
pneumonin among such workers, although such 
conditions have rather frequently been observed 
after repeated medicinal instillations of mineral 
oil containing nasal drops (oil aspiration pneu- 
monitis or paraflinoma of the lung). In fact, 
two cases of cancer of the lung apparently 
developing on the basis of a medicinal mineral 
oil pneumonia have been deseribed (Wood; 
Sante). 

The ocenpational evidenee available or pub- 
lished on this aspect of cancer of the lung is 
rather scanty and in part controversinl. Ken- 
naway and Kennaway found a relatively high 
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ratio of laryngeal but not of pulmonary eancer 
in” mulespinners, who inhnle a mist of the 
enreinogenie shale oil lubrieating the spindles, 
Southam noted that mulespinners ocensionally 
develop multiple primary enncers involving 
the stomach or the lung in addition to eaneers 
of the skin. Seott, on the other hand, stated 
that he had not observed a single ense of lung 
eaneer namong shale oil workers, 

Huguenin, Fauvet and Bourdin, who ana- 
Ivzed a series of 112 lung eancers for possible 
etiologieal fuetors, found that 18, or 16 pereent, 
were metallurgieal workers exposed 1o the 
inhalation of nebulized lubrieating and cutting 
oils, 8 were chauffeurs, 5 were mechanies, and 
I was an engineer, Huguenin and his assoei- 
ates concluded that their observations indi- 
eated an excessively high frequeney of lung 
caneer namong workers exposed to vaporized or 
nebulized lubrieating oil. While the study of 
Cafaler and Sitgreaves on cancer morbidity and 
mortality among the male employees of an oil 
refining company did not reveal any abnormal 
liability of the members of the ocenpational 
group to cancer of the lung, this judgment may 
have to be revised, at least for eertain types of 
refinery workers, according to more recent and 
serutinizing observations, Résch observed 
three primary caneers (skin, stomach and lung) 
in a parallin worker. Touraine and Bour also 
attributed the development of pulmonary 
eancer among certain worker groups to lubri- 
eating oil mists, Such exposare conditions 
mny necount also for the excessive lung eancer 
mortality nmong male metal grinders observed 
by Turner and Gracee, 

There is, morcover, some evidence available 
indieating that the inhalation of mists or fogs 
of certain processed petroleum oil fractions also 
conveys an increased liability to cancer of the 
lung. During a recent survey on eances inei- 
denee among employees of a Inrge oil relinery, 
the surprising observations were made that 
there was not only o highly exeessive incidenee 
of serotul concer wimong eomployees of the puraf- 
fin pressing department but that incidenee of 
enneer of the lung was also exeessive, Paraflin 
pressers, who represent about one-tenth of the 
total cmployed workee group, furnished 56 
pereent of the lung eancer ohserved, 

Sinee oot s w waste or commereinl product 
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has been found to be earcinogenie and to contain 
known earcinogenic hydroearbons, a thorough 
and competent survey of ocenpational groups 
particularly exposed to the inhalation of soot 
(operating railrond personnel; stokers; earbon 
black manufacturers; rubber, paint, and ink 
wnkers; painters; <oot burners; printers; diesel 
engine drivers; earbon eleetrode manufacturers 
amed nsers in alominum plants; smudge pot 
operators; phonograph record makers) is an 
urgent neeessity. The negative conelusions 
reached by Ingalls us the result of a survey of 
the earbon black indnstry are based on evidenee 
of dubious merits, beeause only 79 of the 677 
evaluated workers have been employed for 10 
years or more in the industry. Since the major- 
ity of known ocenpational lung cancers have 
an average latent period of over 10 years, 
Ingalls’ conclusions are actually based on 79 
living and active workers. It stands (o reason 
that an analysis of the death records of former 
enrbon black workers may have told a different 
story, especially if the diagnoses were based on 
autopsy findings. Such investigations would 
also add to our knowledge as to the existence, 
extent, and type of hituminosis which might be 
expeeted to exist in workers inhaling finely 
dispersed =oot particles, 

At the present time, exposure to tar, piteh, 
asphalt, heavy fuel oils, lubrieating and cutting 
oils, soot from domestic furnaces, incinerators, 
industrinl power plants, oil refineries, steel 
plants, metal smelters, earbon black factories, 
oil dumps and smudge pots, ns well as exposure 
to the eflluents of diesel and gosoline engines, 
represents the most widespread occupational 
and environmental contaet with earcinogenic 
material, The specifie earveinogenie agents con- 
tained in these earhonaceous matters are certain 
specific aromatic hydroearbons, which not in- 
frequently are attached to carbon particles giv- 
ing rise, when inhaled, to bituminosis or anthra- 
cosis; or they are constituents of oily matter 
whieh, when inhinled and retained in the lungs, 
eatse oil preumonin or paraflinoma of the lung. 

Sinee pure anthracosis is not enusally related 
to eaneer of the lung, the punenmoconioses ae- 
compunying respiratory earcinogenesis by aro- 
mntie hydrocarbons do not play a primary and 
essentinl role in this process, although the 
pucumoconioses may lower the intensity and 
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prolong the duration of the effect of the specifie 
earcinogenie chemienls on the lung tissues, 

Sinee our civilization and ceonomie life lns 
been built around the produetion and wse of the 
basie enrbonsccons substanees and their deriva- 
tives, it does not scem feasible to attain com- 
plete protection against exposure to these 
enreinogenie chiemienls with the preventive and 
prophylaetic engineering and sanitary measures 
practical and cconomical at the present time. 
There is, however, no doubt that a great deal 
remning (o be done in this respeet and that we 
are still vather far vemoved from having the 
maximal smount of possible reduction in expo- 
sure 1o the respiratory cuneer producing hydro- 
earhong contained in the various enrbonnecous 
substances mentioned, 

Carbon and Silicon Polymers 

Reeent studies of English investigators (Hen- 
dry, Homer, Rose, and Walpole; Hendry, 
Rose, and Walpole; Haddow) have furnished 
a new and intriguing concept as to possible 
combinations of earcinogens with tissue proteins 
through the postulated formation of cross 
Jinkages between certain (ypes of earcinogenie 
chemieals and the macromoleenlar fibers of 
chromosomes. This hypothesis was evolved 
from evidence obtained in the study of earcino- 
genesis by nitrogen-mustards, diepoxides, poly- 
ethylencimines, and related compounds, In 
view of the fact that one of the varions means 
by which these substanees may exert their 
speeific action in the eells is through polymeri- 
zation, it is nssumed that polymerized epoxide 
chains might interrenct with proteins or 
mucoproteins of chromosomal origin, by cross 
linkage with multipoint attachment, and there- 
by cause mitotie aberrations. The initial re- 
aetion of one of the epoxide groups of mono- 
merie molecules with the eell component also 
may start a process of polymerization by being 
followed by a self-=condensation of the free 
epoxide groups into a polyethencoxy-structure. 

These coneepts are important in connection 
with respiratory earcinogenesis for several 
rensons. Sinee Oppenlicimer and associntes; 
Druckrey and associates; and Zollinger have 
shown that a parenteral implantation of 
varions polymerized plasties (eellophnne, 

Public Health Monograph No. 36, 1955 

polyethylene, polyvinyl elloride, polymethyl 
methaerylnte, polyamide, Teflon, and others) 
into rats and mice are followed by the develop- 
mbnt of surcomans nt the site of deposition, there 
exists (he possibility that the inhalation of 
vapors, mists, and dusts of the monomers nid 
polymers of these and related chemicals for 
occupntionnl rensons may ereate a respiratory 
eancer hazard to man, 

The more immediate importance of theso 
concepts, however, lies in their application to 
the produetion of oceupational respiratory can- 
cers by a silicon polymer, ashestos, possibly 
wlso hy a earbon polymer contained in isopropyl 
oil (polypropylene or propyl epoxide). The 
probability of such an action mechanism, more- 
over, is supported by observations of lung 
cancers mnong Japunese mustard gas manu- 
facturers. 

ABBESTOS 

Asbestos differs from the ordinary giant 
molecular erystalline silicates not only in its 
chemieal and physieal properties, but also in 
the anatomical aspects of the pneumoconiosis 
produced by it. In contrast to the tridimen- 
sional polymerized silica erystals in which no 
oxygen atoms are left carrying charges to 
attract positive ions, ashestos consists of giant 
fibrous moleeules composed of polymerized 
silico-oxygen tetrahydra which are arranged in 
chains or bands (Parkes). Depending on the 
origin of ashestos, the fibrils may be short or 
long. Talian, South African, and Australian 
ashestos (amphibils) consists of fibrillar or ra- 
diating erystals of ealeium-magnesium silieate 
or sodinm iron silicate (40 pereent iron oxide). 
Canadian, Russian, German, and Freneh as- 
hestos is hydrated magnesium silicate, which 
contains small amounts of iron oxide (5.75 per- 
cent). Canada furnishes about 75 pereent of 
the world production of ashestos. Canadian 
ashestos, beeanse of its long fibers, is especially 
suitable for textiles, 

Depending on its physieal characteristics, 
nshestos finds numerous uses (textiles, filter 
material, building material, gaskets, insulating 
materinl, adsorbants, and so on). Some 35,000 
workers in the United States are exposed (o 
ushestos dust. 

It is asserted that inhinled ashestos dust pro- 
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duees ashestosis only if the inhaled fibers are 
sufliciently long. In the absence of fibrous 
structure, the dust is said to be inert (Wyers; 
Vorwald, Durkan, and Pratt). Sinee the 
larger fibrils are arvested in the bronehioles 
(Conrdner), the granulomatous renctions form 
peribronehiolar fibrous enffs with giant eells 
and ashestos hodies. These have a fibrillar 
core and an ivon staining proteinie or colloidal 
silicie acid sheath, Whether the iron in the 
shenths originates from the ashestos fibers or 
is derived from blood or tissue clements is 
still controversial. These two observations de- 
serve specinl mention beeause of the apparent 
dependenee of eaneerous ehanges in the lungs 
of ashestos workers upon the presence of ashes- 
tosis and in view of the possibility that the 
proteins of the lung tissue may specifieally 
interrenct with free groups of the filamentary 
ashestos molecules (Druckrey and nssocintes). 

The coexistenee of nshestosis with eancer of 
the lung was first reported by Lyneh and Smith 
in 1935 (1 ense). They later recorded 3 addi- 
tional cases (Lynch and Smith; Lyneh). Simi- 
lar observations have subsequently heen re- 
corded from this country (Stoll, Bass, and 
Angrist, 1 ease; Iolleb and Angrist, 2 cases; 
and Homburger, 3 eases); from Canada (Des- 
meules, Rossenu, Gilroux, and Sirois, 2 cases; 
Cartier, 4 cnses; Rousseau, 1 case); from Eng- 
Iand (Gloyne, 17 eases; IHarrison, 3 cnses; 
Merewether, 31 enses; Cureton, 1 ense; Owen, 
1 ense), and from Germany (Nordmann, 2 
eases; Linzbach and Wedler, 1 ease; Horning, 
1 ease; Welz, 2 eases; Bohime, 1 ease; Domeniei, 
2 eases; and Baader, | case). 

Thus, there is at present a total of 80 eases 
of asbestosis eancer of the lung on record. To 
this number must perhaps he added the 8 eases 
of eaneer of the lung complicated by ashestosis 
which Kennaway and Kennaway discovered in 
an analysis of the death certificates of males 
registered between 1921 and 1938, Eleven 
additional cases of ashestosis eancer of the lung 
in workers in two English plants were recently 
reported by Doll, who felt from his statistieal 
analysis that there exists a definite ennsal reln- 
tion between these two conditions (table 25), 

Merewether noted that the mean age of males 
with ashestosis eancer of the lung was 55.2 
vears (range 22-72) and that their mean expo- 

36 

sure Lime was 20,1 vears (mnge 640), while the 
menn age of female cases was 4.6 years (range 
32 71) and their mean exposure time was 7.6 
venrs (range 0.5 18), However, in many cases 
there elapsed w long exposure-free interval rang- 
ing from severul months to 20 years before the 
lung eaneer beeame manifest (Wedler; Wyers). 

The age distribution of ashestosis cancer of 
the lung was: 

Cuwennf 
Iung 

Age (gears) cancer 
BBl e i L anais hnw ssnmanwou BEIRSELICN =0 BN - 2 
I onveccapniontzins SRR FRPCLoty P 1 
B, o Jond Ve v s e An e R E v RIS > wmie 16 
2 TR e | sl [, 5 g PRy 2 17 

Sinee lung eancer of unknown etiology occurs 
rather frequently before the age of 40 and since 
26 pereent of the ashestosis cancers appeared 
before the age of 44, it seems that there exists a_ 
moderate shift toward vounger age groups for 
cancers associnted with ashestosis of the lung. 

The exposure time for asbestosis lung eancer, 
excluding the series of Merewet'ier, was: 

Cares of 
lung 

Exposure time (years) cancer 
Nols o oo 2 & s o iihiammmicanbodnin i AR LR 4 
BN, 0.5 e v 4 s e 5 i g SIS ok P 6 
R o aiin iy i v S e W RIS ki 4 
25 and OV os vnven oo oiune F L, " A - 7 

The exposure time of this series covers a wide 
range (1-23 vears), indieating that type and 
intensity of exposure to ashestos as well as 
perhaps an individual suseeptibility to asbesto- 
sis play an important role in determining the 
development of this pneumoconiosis and thereby 
the possibility of a sccondary earcinomatous 
sequela in the lung. 

There were 37 males and 15 females among 
the 52 eases for which information on sex was 
available. The male:female ratio is thus 
2.5:1, which represents a marked shift toward 
the female side when compared with the usual 
sex ratio of 5:1 to 10:1 for lung cancers of 
unknown etiology, Equalization of eareino- 
genie exposure as represented by asbestosis, for 
the two sexes, thus resulted in o trend toward 
equalization of linbility to lung eancer. 

It is of importanee to note that the mean 
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Table 25, Caunses of death among male 'anlw-lm workees compared with the mortality experience of all men 
n England and Wales (Doll) 

o - . vae o — e e——— e —— - ——————_— 1y ]+ 

Number of deaths Test of significance 
of death bfld - ol m'«d Cause of deat . ween obsery Number l"_:;}m;".::‘, and expeeted 

obeerved Walos rates (value of I, 

Lungeancer ' ___ . . e b e s e v vt R 1 0.8 <0. 000001 
Other respirntory diseases ? and eardiovaseular discases— 

With mention of axhestosis. .. . . A P s 14}, b dind <0. 001 
Without mention of ashestosis, . . el [ 7.0 

Neoplusans, other than Jung eancer ; G I 4 2.3 S0.1 
AN DIRET BHBRIE ¥ o o v oo e oas 3 + 565 <= mrs SR RA p A aAh 4 4.7 

AR SR o uins s 52 g n B nn T ST ARN S SRR RE S # ot e s 39 15.4 <0. 600001 

' Ineluding 1 ease with pulmonary tuberceulosis, 
¥ Including pulmonary tuberenlosis, 
¥ Including 2 eases (benign strieture of esophagus and 

not thought to have been a contributory eause of death, 

age of 128 noncomplicated eases of ashestosis 
was only 44.2 years (Merewether). One may 
conclude from this observation that some of 
these individuals apparently died from ashes- 
tosis before their lung cancer had a chance to 
develop (Linzbach and Wedler). 

Additional support for a causal relation 
between ashestosis and cancer of the lung is 
derived from the fact that Merewether found, 
among 266 enses of ashestosis observed duoring 
192440, 31 enses of coexisting enncer of the 
ling (11.65 pereent), while there were 01 cnses 
of lung eancer with an average age of 59.4 
years among 6,884 cases of silicosis (1.32 per- 
cent) which eame to autopsy. Wedler noted 
that ashestosis enneer of the lung oceurred in 
14 enses, or 15.2 pereent of 92 enses of nshestosis 
on which necropsies were performed, wherens 
the normal rate of lung enancer in autopsy 
materinl was estimated o be 2 6 percent, 

Lanza, Vorwald, Warren, and Cartier are all 
quite skeptieal as to the actual existence of 
an excessive liability of individuals with 
ashestosis (o lung eancer, and Cuoreton and 
Homburger are undecided on this question. 
Other investigators, however, favor this con- 
cept or consider the existenee of a eausal 
relation as highly probable or established 
(Kennaway; Merewether; Teleky; Nordmann; 
Hueper; Gross; Lecoeur; Smith: Saita; Wegeling 
Linzbach and Wedler; Stoll, Bass, and Angrist; 
Welz; Doll). 

The histological types of lung cancers oh- 

Publie Health Monograph No. 36, 1955 

scplicacmin) in which asbestosis was present but was 

served do not deviate essentially in their 
relative frequency from those seen in cancers of 
unknown ctiology. There were 22 squamous 
carcinomas, 7 oat cell carcinomas, 4 anaplastic 
carcinomas, and 6 adenocarcinomas. In view 
of the fact that one of the Norwegian cases of 
nickel eancer of the lung was associated with 
pulmonary sarcoidosis, it may be mentioned 
that Skavlem and Ritterhofl reported the 
combination of an ashestosis with a sarcoidosis 
of the lung which, however, was not compli- 
cated by a earcinoma. 

Attempts have been made to refute the claim 
of a causal relation between ashestosis and 
lung cancer by determining the frequeney of 
pulmonary cancer among the total worker 
population of the ashestos industry (Cartier; 
Vorwald). Such a procedure is bound to give 
mislending results. 1t is quite immaterial how 
many workers employed in the industry develop 
lung cancer, sinee an undetermined portion of 
these workers doubtlessly sustains cither no 
exposure or only a low intensity exposure and 
thus does not develop ashestosis of the lung, 
which is the prerequisite for the subsequent 
cancerous development, Asbestosis must bhe 
considered as the essential stigma of an effective 
exposure, It is, morcover, necessary to know 
the sex and age distribution of the worker 
population studied and evaluated as well as to 
know the duration of employment and exposure, 
A marked labor turnover in the industry is not 
inducive for obtaining reliable information on 
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the actunl number of lung eancers and ashes- 
tosis eases which muy result from effective 
exposures, For these reasons, no definite 
conelusions ean be deawn from the observation 
of Cartier, noting 8 eases of lung eancer nmong 
4,000 workers studied for 10 years, especially 
as the frequency of ashestosis among effectively 
exposed workers inereases with the duration 
of exposure (Bohme). Kennaway and Ken- 
naway reported that 8 lung eancers may be 
found among 4,000 males of the age range 

The evidence on hand, at any rate, has con- 
vineed the West German Government to 
make ashestosis cancer of the lung a compen- 
sable discase (Tabershaw). 

The experimental approach to the problem 
has so far given equivoeal results. Vorwald 
and Karr, using guinea pigs which were exposed 
to ashestos dust, obtained negative results. 
Nordmann and Sorge employed mice for this 
purpose and elaimed to have produeed bronchio- 
genic carcinomas with pulmonary fibrosis in 
two mice. This observation needs to be con- 
firmed before it can be accepted. 

1SOPROPYL OIL 

Through the recent discovery of cancers of 
the parannsal sinuses, larynx, and lung nmong 
isopropanol manufacturers, the oceurrence of 
carbonpolymer cancers has probably heen ex- 
extended to man. lsopropyl oil--the ernde 
liquid from which isopropyl aleohol is distilled 
aned which is n slightly turbid, viscous liguid, 
slowly turning, upon standing, into a brownish 
to blackish tarry material —contains polypropy- 
lene compounds as well as propylene ether, 
which may be oxidized into propylene peroxide 
and propylene epoxide having a tendency to 
polymerize. Polypropylene, merchandised ns 
Opponol K, is used commercially as an oil for 
cable filling. 

Workers employed in isopropanol manufac- 
ture have heen exposed to the inhalation of 
vapars, mist, and dust of isopropyl oil eseaping 
from leaky pipe connections, defective pumps, 
and gaskets, or spilled on the Hoor at the ocenr- 
rence of breaks in pipelines nnd during repairs 
on pipes, pumps, and stills. Weil, Smyth, and 
Nule reported that, hetween 1928 und 1950, a 
total of 7 neoplasms affecting various parts of 

the respiratory traet (nasal sinuses, 4; larynx, 
2; and lung 1) enme Lo observation among 71 
cmployees, or in 8.4 pereent of those who 
worked more than 5 years in the isopropanol 
plant. 

Five additional cuses were observed in 
another isopropyl aleohiol slant, making & total 
of 12 eases, 7 of which involved the nasal 
sinuses, 4 the larynx, and 1 the lung. It was 
calenlated that the incidence rate of eancer of 
the nasal sinuses and larynx for the second 
gronp was 134.5 per 100,000, against. a normal 
rate of 6.3, and that the incidence of these can- 
cers exceeded the expeeted ineidence 21.3 times. 

From the evidenee available it is likely that 
these cancers as well as those associated with 
ashestosis belong to the new class of “polymer 
canceis,” 

MUSTARD GAS 

The alleged earcinogenic action of war gas 
poisoning figured prominently in the specula-- 
tions as to the cause of the increase in lung 
eancers observed during the early 1020's 
(Kikuth; Brockbank; Klotz; Derischanoff; 
Hiinermann; Reiche). Residunls of warfare 
gassing were noted by Matz in 10 out of 138 
cases of pulmonary cancer among American 
World War I veterans. Four out of G4 cases of 
lung eancer, recorded by Brockbank, were 
gassed badly during this war. Macklin noted 
that war gas poisoning occurred in 5 pereent 
of 164 cases of lung cancer among 1ales, 
while it was present in only 2 pereent of 
soldiers without this discase. Koelseh con- 
ceded that o few eases of lung cancer exhibited 
a doubtful etiologieal relation to war gas injury, 
whieh was claimed to have caused also two 
eancers of the Inrynx (Spamer; Tilley). No 
distinetion was made at that time as to the 
particular chemical nature of the various gases 
used during World War L. ; 

These contentions found little aceeplance at 
that time, From a earcinogenic viewpoint, 
speeinl interest hns 1o be attached to the various 
arsenie-contnining gases, especinlly Lewisite, 
and to mustard gas (diehlorethyl sulfide). The 
arsenieal war gases, when inhaled, theoretically 
may not only cause nonspecifiec chemieal damage 
to the respiratory tissues hut ulso may produce 
there a speeifie delayed carcinogenie reaction, 
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such as that scen exeeptionally after skin burns 
with these gases, Cancers of such an origin 
belong to the group of arsenic eancers, 

A possible earcinogenie action of mustard 
gns upon the bronehinl mueosa, on the other 
Bandd, mny be relnted 1o its eross-linking nnd 
radiomimetic effeet, and may be identieal with 
that demonstrated to exist for experimental 
animals exposed to several sulfur- and nitro- 
mustards of aliphatic and aromatic nature, 
According to the mentioned theoretieal con- 
cepts, the causative mechanism operative in 
these cancers resembles in some respects that 
possibly active in polymer cancers, 

During the Jast few years, three cases of 
bronehiogenic enrcinoma and 3 enses of larynx 
cancer were observed among Jong-term em- 
ployees of the Japanese Army Poison Gas 
Manufacturing Plant on Okuno Island, where 
Lewisite and Yperite were made. One of these 
workers was 30 years old and a second, 53 years 
old. All three suffered from chronic war gas 
poisoning due to contact with mustard gas 
(Yamada, Hirose, and Miyanishi). In view of 
these observations, the distinet probability of 
carcinomatous cffeets upon the lung following 
exposure to mustard gas or chemically related 
products deserves serious consideration. 

While the fundamental coneept of “polymer 
cancers” is a tentative one and needs to be 
supported by additional evidenee, the available 
data are sulliciently important to require serious 
attention from both a seientifie and a practieal 
viewpoint, The rapidly expanding industrial 
production and industrial and general use of 
natural and synthetie polymerized substances 
and cross-linking chemicals in plastics, films, 
rubbers, rosins, adlicsives, textiles, and so on, 
brings a considerable part of the working popu- 
lation into direct contact with chemicals of this 
type. It seems to be advisable, therefore, to 
study these population groups during the 
coming decades for the oceurrence of eancers, 
particularly those affeeting the respiratory 
system, 

Radivactive Chemicals 
Up to =ome 10 years ago, ocenpational expo- 

sure to radionctive agents was limited to rela- 
tively small groups of industrial and profes- 
sional workers (miners and refiners of radio- 
active ores, industrin)l and medieal consumers 
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of radionctive substances gas mantle manu- 
facturers, luminous dial painters, radio tube 
makers, physicists and theie assistants, radiolo- 
gists and their assistants). Sinee the advent of 
suecessful ntomie fission and the rendy produe- 
tion of synthetic radionctive substanees, the 
number and variety of individunls who have 
occupntional contaet with radionctive matter 
have rapidly and greatly inereased (uranium 
and thoritm ore miners, smelter wnd refinery 
workers, atomic energy plant employees, mili- 
tary personnel, and agricultural, biological, 
medical, chemieal, metallurgie, oil, pharma- 
ceutical, and other industrial research workers 
employing radionctive isotopes, as well as 
operators handling directly or indirectly ma- 
terinls or technieal devices giving ofl ionizing 
radiation, such as radioactive static eliminators 
(Silson; Berman and Ernest; Bryan and Silver- 
man), sewage disposal workers, paper and 
textile manufacturers, and so on, 

Tt is an cstablished fact thot cancers of the 
skin, counective tissue, and bone and blood- 
forming organs have resulted from excessive 
exposures to radioactive substances affecting 
the organism or parts of it by various routes, 
There exists o great deal of highly suggestive, 
if not conclusive, epidemiological and experi- 
mental evidence relating an occupational in- 
halation of radioactive dust and gases to the 
development of pulmonary eancers. Although 
excessive medicinal and occupational exposure 
to ionizing radiation (radium, X-radiation) 
alone may produce in man and experimental 
animals a fibrosis of the Jungs (Kalbfleisch; 
Doenccke; Belt; Bergmann and Graham; En- 
gelstad; Warren and Gates; Leach, Farrow, 
Foote and Wawro; MecIntosh; Warren and 
Spencer; Widmann; Bauer; Bauer and Schiraer; 
Tonges and Kalofleisch; Freid and Goldberg), 
occupational exposure to radionctive dust and 
gases has often been complicated by simul- 
tancous inhalation of dust containing varions 
metals (chromium, nickel, iron, arsenic, cobalt) 
as well as siliea. Pulmonary cancers observed 
among radioactive-ore miners, thercfore, have 
been complicated in an appreciable number of 
cases by silicosis of a minor to moderate degree. 

It is for these reasons that the radioactive 
genesis of the enneers of the lung noted among 
these miners us well as among wranium and 
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raddivm refinery workers has heen doubted by | 
some investigators, who felt that one of the 
varions nonendionetive metals or the silicosis 
represented the main eansal or an important 
contributory agent (Schinz; Lorenz; Schimorl; 
Rostoski and Saupe) or that the available evi- 
denee did not provide absolute proof of a radio- 
netive genesis (Laenssagne), Severnl investi- 
gators felt that the lung eancers among the 
radionetive-ore miners in Schnecherg and Jo- 
achimsthal were principally attributable to a 
hereditary predisposition ereated by inbreeding 
of the mining population (Macklin nnd NMacklin; 
Lorenz; Vesin). 

The “mala metallorum’ eaunsing death at an 
enrly age of the miners in the ore mountains of 
Saxony was first deseribed by Agricola during 
the enrly part of the 16th eentury and was sub- 
sequently mentioned by other investigators 
(Henckel; Scheffler; Thiele). However, it was 
not until 1879 that its malignant neoplastic 
charneter was correetly recognized (IHiirting 
and Hesse). This judgment was, subsequently 
confirmed by Cohnheim; Aucke; Arnstein; 
Uhlig; Risel; Sehmorl; Beyreuther; Rostoski, 
Saupe and Schmorl; Lange; Neitzel; Dohnert; 
Baader; Teleky; Hueck; Rostoski, Saupe, 
and Schmorl; Thicle; Weber; Koelseh; Linde- 
mann; Doubrov; Brandt; Brezina. Although 
the miners of the uranium ore mines in Jo- 
achimsthal (Czechoslovakin) also were sulfering 
from a fatal lung disease similar to that observed 
among the cobalt ore miners in Schneeberg, 
Saxony, it was not until 1926 that the eancerous 
nature of the pulmonary disease among these 
miners was recognized (Lowy). Additional 
confirming evidence was provided later by 
Beutel and Waldrich; Ziel; Sikl; Saupe; Peller; 
Pirchan and Sikl; Bander; Bebounck and Fort; 
and Teleky. 

Evidence supporting a radioactive origin of 
the lung eancers among these two groups of 
miners was provided by the observation of lung 
cancers among emplovees of radivm refineries 
and radium laboratories. Lowy reported the 
ocenrrence of two such eases among the workers 
emploved in the Inboratories of the Joachimsthal 
mine - where the ores are reflined and the puri- 
fied muaterinl is tested. One of the eases had 
chronie radiodermatitis, lenkemin, and lung 
cancer, A similar observation was recorded by 
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Teleky and by Neitzel in a German teehnician 
of u radinm laboratory. The cancerous lung 
was found o be radionetive, Four eases of lung 
enneer have recently been observed, aceonding 
to Bander, among the workers employed in the 
radium ore processing plant in Belgium, where 
the oceurrence of such complications was pro- 
vionusly said to e absent. (Maisin, eiting Delaet), 
Perhaps the development of a bilateral alveolnr 
earcinoma of the lung in & woman 16 years after 
the intravenous injection of 75 ce. of Thorotrast 
may also supply suggestive evidence that lung 
caneers may originate from radioactive material 
used medicinally, when such materials become 
arrested in the lung. 

Mention may also be made in this connection 
of a report of Martland relating the occurrence 
of cancer in the ethmoid cells in a luminous 
dial painter, and of two additional cases re- 
ported by Aub, Evans, Hempelmann, and 
Murtland. Dial painters not only ingested 
radionctive material which beeame deposited 
it the bones and produced osteogenic sarcomas,” 
but they also inhaled this matter which, thus, 
may have produced the carcinoma of the 
paranasal sinus. 

The four cases of cancer of the lung recently 
reported in an industrial population at an 
atomic pile site, however, are definitely not 
causelly related to any specific radioactive ex- 
posures sustained by the workers concerned. 
In these cases exposure and latent period were 
insufliciently long to eause lung cancer (Love). 
On the other hand, the argument that these 
workers were, in part, not direetly concerned 
with radioactive material carries little weight. 
Doubtlessly, they had at times environ- 
mental contact with such a material when the 
meteorologic conditions were unfavorable for 
the ready dispersal of radioactive wastes at 
this particular operation. 

In favor of an occupational and radioactive 
origin of the lung cancers among the Schneeberg 
and Joachimsthal miners is, morcover, the fact 
that the exeessive linbility to pulmonary neo- 
plasin is limited to the workers employed under- 
grounel and is absent among the workers 
employed aboveground, and among the popula- 
tion at large of Schinecherg and Jonchimsthal, 
including the employees of the cobalt pigment 
plantusing the Sehincebergores (Bauer; Schmorl). 
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An exeessive lung enncer attnek rate, also, has 
«not been found among the miners of the nearby 
Johann Georgenstudt vegion, where the mines 
have a low radionctivity, There is, further~ 
more, no valid evidenee on record that miners 
of arsenie=, chromium-, nickel-, and bismuth- 
containing ores are affected by lung eancers at 
a rate even remotely approaching that seen 
among the two radionetive ore miner groups, 

The attack rnte of Tung cancer among the 
Selinecherg miners has consistently been he- 
tween 75 and 80 pereent sinee 1879, while that 
of the Jonchimsthal miners has bheen stated to 
range from 40 to 50 pereent, However, this 
incidence rate may be too low, considering (he 
recent statement of Bander, who noted that 
during the period 193943, a total of 180 cases 
of lung cancer were acknowledged as compen- 
sable disenses and that in 1920 there were only 
323 miners employed at Jonchimsthal. Consid- 
ering the faect that the exposure and latent 
period of lung eancer in Joachimsthal miners 
ranges from 13 (o 24 vears, it may justly be ns- 
sumed that these lung eaneer eases originated 
in a miner population of approximately 300 to 
400 members working at these mines hetween 
1920 and 1930, The exposure and Iatent period 
at Schneebery is stated to vary from 15 to 18 
venrs for the majority of the enses, but oceasion- 
ally to be as short as 7 years (Bander; Rajewsky, 
Schraub, and Kahlauw) 

The total number of Schuecherg miners who 
died from eancer of the lung between 1879 nnd 
1949, necording to available records, stands at 
approximately 400, while the number of Jo- 
achimsthal miners who fell vietim to this discase 
has reached 225 (1926-43). An appreciable 
number of these miners died from lung cancer 
at a relatively emrly age as is evident from the 
data given in table 19 (page 16), which shows 
the definite shift toward younger age groups. 

Measurements of the radionetivity of the 
Sehnecherg and Joachimsthal mines have dem- 
onstrated that, in hoth places, mine air and dust 
have an excessive degree of radionctivity sur- 
passing many times the maximal toleranee dose 
(lonchims<thal 30 times (Peller); Behounek; 
Behounek and Fort; “Tsehelnitz; Ludewig and 
Lovenser; Lange; Rujewsky; Stocklusa), 
It was suggested that the recent introduction 
of pneumatie drills into these mining opera- 
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tions aggeravated the hazard by inereasing the 
produetion of fine particulute dust containing 
solid radium. 

Repeated attempts have been made to pro- 
duce eancers of the respirntory traet in experi- 
mental animals exposed to the inhalation of 
radinm.emanution and/or radioactive mine dust 
(Schmidtmann; Lowy; Campbell; Déhnert ; 
Kablnu; Rajewsky, Schraub, and Kahlaw). 
Schmidtmann obtained neither pneumoconiosis 
nor pulmonary cancer in animals exposed for 2 
yenrs 1o the inhalation of Sehneeberg mine dust 
colleeted from drill holes. Campbell, on the 
other hand, reported that mice which inhaled 
dust of Czechoslovak pitehblende displayed o 
significantly increased number of pulmonary 
tumors. In experiments of Déhnert and of 
Hueck, mice were placed in eages within the 
mines, Some mice developed moderate chali- 
cosis, while pulmonary and mediastinal tumors 
(adenomas, round eell sarcomas), in addition 
to an oceasional squamous cell metaplasia of 
the alveolar epithelium, were seen in an “ab- 
normally” high percentage of the exposed 
animals, However, the actual number of 
affected animals was small, and the interpreta- 
tion of the results as to their significance was 
therefore diflicult. 

Kahlau and Rajewsky, Sehraub, and Kablau 
subjected mice to the inhalation of radon, 
Many of the animals developed bronchial 
lesions characterized by an atypical epithelinl 
lining as well as by pulmonary adenomas (in 
7 of 12 mice of the test series, against 1 in the 
control series). While they coneluded from this 
evidence that the radionctive origin of lung 
cancers in Sehneeberg and Joachimsthal miners 
was confirmed, it seems to be advisable to con- 
sider the evidence obtained by these investi- 
gntors as highly suggestive, but not conclusive, 
beenuse great variations in the incidence rate 
of lung tumors occur among different groups of 
mice belonging to noninbred strains, 

Additional, mildly suggestive observations 
have been reported by Lorvenz, Heston, Eschen- 
brenner, and Deringer as well as by Henshaw, 
Riley, and Stapleton. Both groups of investi- 
gators found that mice exposed 1o jonizing 
whole body radintion revealed, in addition to 
leukemia and ovarian tumors, some inerease in 
the number of pulmonury neoplasms, Of 
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grenter signifiennee in this connection are the 
findings of Liseo and Finkel, who found metn- 
plastic and neoplastic proliferntions of the 
bronehinl epithelivm in rats inhaling an aerosol 
of radionetive ecerium. Similar results were 
obtained with plutonium brought into the 
lungs of rats. Sinee uraninm ore miners inhale 
not only radon and radium dust bhut also 
urnnium, which may be retained in the lungs, 
Hueper, Zuelle, Link, and Johnson injected 
metallic uraninm powder dispersed in lanolin 
into the pleural and femoral eavities of rats and 
obtained sarcomas at the sites of injection in 
13, or 24 percent, of the 54 vats surviving the 
minimal Intent period of 6 months, Evidenee 
thus produced shows that foeal aceumulations 
of uranium, which is an alpha-radiation emitter, 
may exert a cancerigenic action upon the 
surrounding tissues, but it does not diseriminate 
between the influence of metal toxicity per se 
and radioactivity in the genesis of these lesions. 

From a eritical evaluation of the epidemio- 
logical, elinieal, and experimental evidence 
available, it appears that a prolonged inhalation 
of rudionctive gases and/or dust may elicit 
pulmonnary cancers in man (Martland; Evans). 
In commenting on the production of lung 
enneer by atmospherie earcinogens, an editorial 
(Laneet, 1952) vemarked, “eadionctivity of 
Jonchimsthal mines is stated to be 30 times the 
tolerance dose, It is searcely surprising, there- 
fore, that in the past more than half the miners 
died of lung eancer.” It stands to reason that 
this effeet on the lungs of workers will prevail 
wherever similar conditions of exposure to 
radionetive gases and dust exist, The excessive 
suicide rate observed in the past among the 
miners in Jonchimsthal (Sikl) aptly reflects the 
Fmann misery produeed if sueh hozardous 
working conditions are permitted to persist, 

While there thus can be little, if any, doubt of 
the principal role of jonizing radiation in the 
production of lung canecers among radioactive 
ore miners andd similurly exposed oceupationnl 
groups, some comments on the possible signi- 
fieance of pnenmoconiosis in eliciting or modi- 
fying this effeet mny be indiented, 

Reports on the ocenrrence of pneumoconiosis 
mmong the miners in Sehoeeherg and Jonehims- 
thal are contradictory. While Selimor] nx well 
us Rostoski, Saupe, and Schmorl in their early 
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reports (1926, 1928) noted that Sehneeberg 
miners sulfer from more or less intense anthra- 
cosilicosix and that this condition was eausing 
or favoring the development of the bronehinl 
cancers, Rostoski and Saupe stated in 1030 that 
pnetmoconiosis was ustnlly not very extensive 
in eancerous lungs. Beeause of the relatively 
slow course of the pulmonary tumors, Rostoski 
and Saupe felt that pneumoconiosis may slow 
the intrapulmonary growth of the tumors, 
Hueek, on the other hand, remarked that 
silicosis does not represent a precancerous con- 
dition for the Schueeherg lung cancers, Some 
of the miners had silicosis but not lung cancer, 
while others had lung eancer but not silicosis. 

Similar diserepancies seem to prevail con- 
cerning the Jonchimsthal miners. Ziel in 1935 
reported that marked silicosis among these 
miners is quite frequent and that ashed lungs 
contain large amounts of silicon oxide. Pirchan 
and Sikl, on the other hand, maintained that no- 
pneumoconiosis could be found, in spite of an 
abundance of pneumatic drilling, and that 
pneumoconiosis has no role in the production of 
the lung eancers. This opinion was shared by 
Lowy. NSikl, in his most recent communieation 
on the subject, stated that some degree of 
fibrosis suggestive of silicotic origin could, of 
course, be seen in the eancerous lungs, and there 
were single cuses of marked silicosis combined 
with eancer. On the whole, however, silicosis 
was not a prominent feature in eases of cancer; 
on the other hand, the lungs most heavily 
affected with silicoiibrosis were generally free 
from malignant growth. Behounck and Fort 
noted that pneumoconiosis was recorded as 
the cause of death in only 8.2 pereent of 63 
miners who eame to antopsy between 1929 and 
1938, This statement contrasts strikingly with 
the observations made by Saupe during a 
chiest Xeray study of 398 Jonchimsthal miners 
conducted in 1930, He found that 43.4 pereent 
of these miners presented roentgenological 
wvidenee of pulmonary silicosis. However, 
silicosis wasx of minor degree among the 7 
miners who were suspected of having pul- 
monnry neoplasms, 

Although the data are in part contradictory, 
it seems that silicosis does not play any sig- 
nifiennt role as n diveet or contributory eause of 
caneer of the lung among the radionctive- 
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ore miners in Sehnecherg and Joachimsthal, 
Whether it has an antagonistie effeet upon the 
eancerization process or modifies the course of 
the established enneer remaing problemantieal, 

Finally, it may be mentioned that these lung 
eancers vary a great deal in histologieal strue- 
ture. Many were squamons eoll earcinomns; 
others, round eell or anaplastic enrcinomas; 
while 0 few were of adenocareinomatous type, 
The radioactive lung eancers, thus, follow in 
this respeet the general puttern set by all 
other occupationnl enneers, 

The rapidly growing production and use of 
radioactive materinl and the thereby condi- 
tioned, markedly inerensed exposure of some 
limited worker groups as well as the general 
population to gases, dusts, and mists containing 
radionctive matter of Jong half-life doubtlossly 
represents a potentinl respiratory cancer hazard 
of serious proportions. The attack rate of lung 
eancer from such sourees is very high, according 
to past experience with miners of radionctive 
ores. Therefore, a competent assessment of 
the degree of exposure to atmospherie radio- 
active contaminants for worker groups and 
neighborhood populations of radioactive plants 
and operations, and the continuous and strict 
supervision concerning the amounts of radio- 
active cflluents emitted from such establish- 
ments, are urgently necessary for safeguarding 
the health of these individuals, 

Table 26, Latent perinds of environmental respira- 
tory cancers, in months (Hueper) 

- - L e ees m—— e e e . 

Cancer of — 

Nares and 
Tamg nasal xinuses Agent 

Average | Range Mm[l(wm 
Intent jof lntent| Intent ’nllou-m 
period | period | period | period 

- ————— —— —— . | s 

Ashestos . .. ... 18 | 15-48 
Chromates. .. .. 15 | 5-47 
Niekel . ..., 22| 6-30 
Tar fumes. ... - 16 | 9-23 
Topropyloll. . . . coofe oo siualiepiwes 
lonizing radiation. ' 25-35 | 7-50 

—— e 

Intensivo studies also are needed for deter- 
mining whether, through radioactive fallouts, 
the inhalation of highly radioactive dust par- 
ticles diffusely settling in the bronchial mucosa 
and producing there minute foci of high inten- 
sity radintion may elicit delayed ecancerous 
renctions. Since radiation cancers, like other 
occupational cancers, have a long latent or 
induction period (table 26), it is essential that 
all possible precautions be taken against en- 
vironmental contamination with radioactive 
matter to prevent a possibly permanent con- 
tamination of the human environment with 
dangerous amounts of radioactive matter. 

Comments and Conclusions 

The comprehensive panoramic view and 
annnlysis of the total epidemiologieal, medieal, 
and experimental evidenee available on exog- 
enous respirntory carcinomas and carcinogens 
lenve no doubt of the fact that not only large 
ocenpationnl population groups but also the 
genernl population have definite and prolonged 
contaets with one or several of these ngents, 

For most of these ngents, lldmllmlv conelu- 
sive proofl of their esremogenieity s provided 
by epidemiological, medieal, and experimental 
datu. One of several specifie enremogenie 

Public Health Monogreaph No. 36, 1955 

chemienls has been isoluted from severnl agents 
representing variable chemical mixtures (soot, 
coul tar and piteh, petrolenm oils, gasoline and 
diesel engine exhaust). Wherever a definite 
identifieation of n specific eausal agent, such 
ns isopropyl oil, ashestos, and chromates, has 
not yet been attained, the epidemiologienl evi- 
denee bused on an evaluation of eancer inei- 
dence of relatively small, oceuputionally cir- 
cumseribed total populations at risk is sufli- 
ciently relinble to prove the presence of an 
ocenpationnl respirntory enncer hnzard enusally 
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relnted to o specifie industrinl operation. Epi- 
demiologienl, medieal, and experimental data 
concerning these respirntory earcinogens altest 
their high enrcinogenie poteney under oceupan- 
tional conditions, particularly when aeting on 
humans, 1t is therefore reasonable to nssume 
that inhalation of the same agents, in n miti- 
gated form ns wir pollutants, by the general 
population is responsible for a considerable 
portion of the lung eancers attributable to such 
contacts, 

If this coherent and logieal picture presented 
by the evidence supporting the various ocenpa- 
tional respiratory eancers and, especially, the 
conl tar fume eancer of the lung, is compared 
with that available for the cigarette smoke lung 
eancer, even upon superficinl - examination, 
several additionnl serious defects and inconsise 
tencies not previously pointed out become 
apparent. 

Tt is surprising to note the absenee of positive 
statistical nssocintions between lung eancer and 
cignrette cough, although this latter symptom 
is elinieally characteristic of chronic chain 
smokers. Despite the fact that the lips and 
ornl mucosn are constantly bathed in the tarry 
liquor oozing from the tip of the cignrettes and 
despite the contaet of these parts with the 
smoke coming from the cigarettes, there is no 
consistent statistical association with eancer 
of these parts. The assertion that no tarry 
material exudes from the cigarette tip is belied 
by the evident fact that chronic cigarette 
smokers are observed to have brown-stained 
fingers. There is, on the other hand, not a 
single record available of eancer of the fingers 
attributable to cigarette tar. Suech eancers of 
the fingers would be equivalent to the numerous 
eases of conl tar cancers of the hands for which 
records are available. 

In an attempt to provide an explanation for 
this diserepaney in the eareinogenic behavior 
between conl tar and cigarette tar, Lickint 
resorted to the speeulative assumption that 
cignrette tar possesses a special tissue specificity 
so that the skin of the first three fingers, 
although impregnnted with cigarette tar, is 
“Ymmune’ to its careinogenic action, 

1t also would be medieally unsound to con- 
clude upon a sort of racially conditioned tissue 
immunity for expluining the observation of 
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Lipschitz, who reported in 1931 that the autopsy 
records of a large Jewish hospital in Warsaw, 
Polund, showed o lung cancer frequeney of 8.9 
pereent of all enncers for Jews ugninst o fre- 
queney of 15,3 pereent for non=lews, especially 
in view of the fact that Eastern Jows are par- 
ticularly prone to develop thromboangiitis 
obliterans, which has the best established 
causal relations to tobaeeo smoking. 

The elaimed nhsenee of a positive associetion 
between lung eancer and the habit of inhaling 
cigarette smoke also is inconsistent with the 
rule that the ineidence rate of oceupational 
enncers inereases with the intensity of exposure 
to o envcinogen. The medieal considerations 
on cigarette smoke eancer of the lung thus 
revenl n number of sevious and fundamental 
defeets and contendietions. 

The best that can be said about the experi- 
mental evidenee on hand regarding earcinogenie 
properties of tobaeeo tar is that it indieates the 
enrcinogenic agents in some cigarette tors 
through the use of hyperreactive animals, 
There is no evidence that these observations of 
the skin of a strain of selectively inbred mice 
have any equivalent in man. Thus the prac- 
tical importance of these observations as to 
cancer of the human lung is at present uncer- 
tain, especially since Passey, in recent experi- 
ments on mice painted for 16 months with 
tobaceo tar, was unable to elicit a single eancer 
of the skin. 

From these considerations, it is apparent 
that any final decision coneerning the relative 
role of ecigerette smoking in the eausation of 
enncer of the human lung should be kept in 
abevance until a great deal of additional and 
more valid, and especially medieally conclusive, 
evidence becomes available. The data on hand 
make it unlikely that cigarette smoking repre- 
sents a major fnctor in the production of lung 
eancer and in its recent phenomenal rise in 
frequeney. For these reasons, it would be most 
injudicions mainly to base the future preventive 
control of lung cancer hazards on a theory of 
such doubtful seientific merits and to concen- 
trate the immediate epidemiological and experi- 
mental efforts on this apparently overprop- 
agandized concept. The apparent wisdom of 
such an attitnde is rendily apparent from the 
fuet that not only n great deal of the circum- 
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stantinl epidemiologienl evidenee but also 
practically the entive factual and conelusive 
evidenee available on specifie exogencons ennses 
of respirntory eancers indieates Uit these 
enncers are cither of oceupational origin or 
points to industry-related factors. Not only 
Inrgze oceupational groups but also the members 
of the general population have contaet with 
these agents in varions forms and intensity. 

Public Health Monograph No. 36, 1955 

Finally, it may be noted that the evidence 
on hand justifies the viewpoint that, in arrivieg 
ot judgment (Bander; Lickint) in any medico- 
legnl dispute requiring the assessment of hi- 
ability for the development of a respiratory 
cancer, any evidence ineriminating specific 
occupntional factors should be gi\'mg.proh-n-m-c- 
over that possibly provided by a cigarette 
smoking history. 
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