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e seientifically aceeprable, any theory
stiology of Tung cancer mnst pelleet 2
. hnlum-ml. and competent :Hl:ll‘\‘.\'i.\‘ of
are ('pi(I('Illi(»ln;z‘i(':ll. medieal, and ex-
aal evidenee conceting the tvpes and
mental distribution of and contaets
CUknown o suspectid exosenons avents

Cated i respieatory carcinogenesis for

Introduction

environmental, occupational, or medieal reasons,
Feas ondy throngh sueh serutingy that significant
and worthwhile information may he obtained
as 1o the relative role whieh the various indi-
vidual respiratory carcinogens have played and
are plaving in the production of lang cancer,
The followtne Giets and observations form an im-
portant and integral part of such an assessment,

General I'J(),i(l(‘m,inl«»;_»',i('zll Constderations

Cddelinite, and progressive merease in
Cweney o lang cancer stacted inomost
izl countries around the turn of the
mables 1=3), that i=. at a time when
—amoking was <tll a habit ol minor =ig-
robsi: Berblinger: Grosze, Kahlau:
aekinto This rise was first eleardy
~oo by pathologists of Central Enrope
coearly 1920°s through o study of
cata eolleeted during the first two
the 2000 century and was subse-
and  elaborated

anstivned nupon by

donvestications from Amerien and

Soohomainly used capeer mortaliny

i records indieate that this develop-
cabet o marked variations o the time
SR caneer, inits relative degree of
s progression rate for difleren
Sheonntries. In Germany, for -

serease i the ineidence of tung
d=t noteld in Saxony and Central
1931,
S eaneer represented 1103 pers

I A Jate as Fiseher re-
SO SANonY against 6.6 pereent
Cteermanye In Denmark, aecord-
et Fise i lung caneer {re-
CHdonbful during the fiest three

<0th eontury and oniy beeame

.
e B, atshy

Monogeaph No. 36, 1933

definive afver 19300 Simidar observations as (o
a late apperance of s inerease were made in
Ialy.
the Ming caneer mortaliny rates of  different,
countries amd  different revions ol the same
country (g, 21,

There <tll exist striking differences in

In Engeland, for instanee, 25
pereent of all caneers in males wvolve the lung:
the corresponding ligure (or Norway s less
than 6 pereent.

similar dizerepancies exist for hung caneer
morbidity rates for different metropolitan areas
in the United States as well as Tor their relative
progresston rates table 40 Another example
of the existence of striking regional variations
in lung caneer frequeney s presented by the
remarkable ditferences in lung caneer mortality
wrban-industrialized areas and
This has been demonstrated
for Fneland and Wales and for the United
States, where Tung eaneer death rates were
found to he consistently higher in urban areas

rates hetween

raral  distriets,

than in rural areas (tables 5-7, Ges, 3 and 4.
such observations have been made in Ohio,
New York, and Conneeticut (Mancuso, Melar-
land, and Portectield: Levin, Kraus, Goldberg,
and GerhardO and were reported from Kngland
and Wales by Stocks: Kennaway and  Ken-
nuway: Fulton: and Philipps. Stoeks reported
the comparative mortality ratios for males in




Table 1. Frequeney rates of lung cancers in autopsy material (Probst)

Lung cancerg 3

\ : Period  Nwmberof o Fotal 2 Absolute | »
Author enod autopsies ‘earcinomas! No. i Percent Perceng‘-‘
: : Poof all of al] 5
5 ; % cases AUtOpgiey’
1852-1900
i ]
Reinhard . . ... 185276 | 8716 L. | 1 I, 0 X
Vachs___. . _ . .. .. ... ... 1854-8)> | 12,307 ' o __. ; [ X PO X S
Wolf____ . . ... ... ... . 187T7-81 4,172 0. | L4 .
Passler_.__ .. .0 . ... ... 1881-94 | 9,246 ) 870 i 16 1. 83 1
Wolf __.0 0 DD I LTI T IsRe0 | 7208 : Bl i
Perutz___ . . L . POI885-97 Lol 9 1. 27 1 4
Marchesani .~ . - __ .. .. _.._..| 1887-96 | 1O46 1. oo .. 40 i
Wikutho__ . ... .. _ . oo 1889-9Y9 . [, ! 10 | .. .o
Feilehenfeld. __ . .. ... ____ ____.__ . 1895-1900: 5,022 | Al 22 4.3 BT 2
Riechelmann. ... . ___ e 18951901 7, 790 | 711 27 3.8 K
Selet_____ ... ... L 18991903 | 1,741 | 159 | 3 1.88 Rt W
Marchesani... . ___.. . .. . ___.._._ 1886-1906 | 3,337 | ... i 6 | . o
' i t e t
! = A
| 1900-1925
i g ; T ; 3
Redlich_ __ . . 1900-05 | 2,002 496 | 31 6.3 R A
Sevfahrt .. __ .. e o 190006 o . [P P 5.1 .
Karrenstein..__._ . ... . _____. 1900-07 | 10, 272 | 034 32 3.42 :
Nikauth__o_ o 190011 e 90 3.8 v
Stachelin__ .~ _____. T T T 7T 0900-11 ol T ll- : 566 | 12 2.1 | )
Bejach._.__ . ___ ... ... . _ 1904=08 ___._ _ . ___ 715 | 20 279\ .. .
Probst.___ .. _ . ... - 1906-10 2,739 . 265 3 L. 13 . 1
Sevfahrt_ ... _ _ ... e 190713 N AU 6. 88 . 3
Briese _______.._._._.. .. ___. ... 1898-1916] 12,971 | 1, 287 60 4. 51 K ;-
Bejach_ ... T | "1908-13 | 6,808 | 692 33 48 g 3
Bejacho . ____ ... 1909-12 3, 801 | 586 29 4. 95 3 k.
Marchesanio. .. ... ... ____._ ... _U1906-16 | 4,754 o . 6 oo .
Rau_.____._.. ... __ A _ 1909-14 4, 816 ; 552 15 2.7
Berblinger__. ... ... .. ... 1910-14 2, 347 363 ¢ 8 2.2 :
Materna. __.._.____ .. B, P1912-14 | 866 | 48 | 1 2.08 . 4
Stachelin._. ... .__ .. ____ .. ______. AR 52 B S : 218 ! 11 5.0 ... ;-
Probst___. .. . .. ... 1911-15 | 3, 448 389 13 3. 34 . - F,
Sevfahrt______. . _ . .. _______ e 1914-18 " _____..__ L S 11.23 LUSE g
Assmann._ .. ... L ... ... C1912-22 L. S S R oo . F &
Materna_._ ... .. R Coa915-17 L1667 70! 5 7.14 A
Breckwoldt____. . ____ . ____ . . i 1914-19 6, 083 | 554 | 21 3.7 o 5 )
Rau_.____ . .l It 1915-19 5, 518 | 580 27 4.8 A
Berblinger_._ .. _.________.__ 7. 1915-19 3,280 337 10 2.9 ' G
Probst.___. .. .. ____.._. e 1916~20 1, 989 | 392 24 6. 12 . 5 R
Materna. .. ... __.______ .. .. . .___. 1918-20 1, 609 i 94 | 5 5.31 . L D
Kikuth______ . . _ o _oa912-e23 | . S, ! 146 5.8 . &
Marchesani__ ... _ . __ ... _. . ___ 1916-22 3,336 ... __.__ 10 | ... o g
Staehelin_. .. __..___ ___ . . L 1915-23 | _ .. ___ 755 38 4.9 |......% G
Lubarsch__. . . _. . _ ___.. . .. 1 1920-21 |.._______. 8, 301 458 5.4 foooeua %1
Seyfahrt_ ... _____._. . U9-23 | 875 | aneii E W
Berblinger. ... _...___ ... .- ©1920-24 2,429 287 24 8.3 . Al
Materna. ... _._..____.___.__.____. 1921-23 1,049 | 75 6 8.0
Breckwoldt. . ___ .. _______ ... ©1920-25 6, 359 892 26 2.7 ‘ 9 )1
Probst____. __ e ©1921-25 3, 697 502 36 7.17 . 3 ¢
Stachelin. ... _________ . . i 1924 749 | ] 4.9 |oeeaes 4] 7 Ky
i E ;D
E A3
P ;,n
4 :‘1
v
18 A
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: Nﬁ‘w with deviations from the average  mortality ratios for lung cancer mortality of
,orlahl\ rate set at 100, ax follows: seleceted sites among white males 25-64 years
of age in wrban and rural counties were:

e of adjacent towns with over 200,000
wccupied dwellings: Metropolitan counties (8y o . 122. 9
1ondon, East Ham, West Hanw Crovdon. 156 Urban conntios (7). .o Lo o R1. 8
’ Rural counties (730 ... . o _._L_..._ b8, 6

[hrmln;,h.lm. Sinethwick,  Walsall,  We \l

Bromwich- - ..o LB The standard mortality ratio is
att Stoe ¢
\lanchester, Salford. Stuc kport_. . ... L5t Observed deaths

— < 100,

Bootle, Birkenhead, \\ Hasev___ 162 N T i e
Liverpool, Bootie el ey X Expected deaths

fpeds. Bradford, Halifax_______ ... ... 132

L e field. with 124,000 oceupied dwellings. .. 135 The type of county is delined, according to
- b Leeastle and Gateshead, with 87,000 oceupied degree of urbanization, as follows: Metropoli-
o b N R I tan county-containing citics with 1950 popula-
©} gt of 6 towns, each with 50,000 to 85.000 . tions of 100,000 or more (91 percent urban);
‘ mf:;;:;:lu}l:i‘:"“:: ek st 10000 16 30000 1 url:nn ~eontaining (.-i.l 1(& with 1950 popu'la(,ions
L 4 eupied dwellings. ... o7 of »0,_00.()—1()().0()() (l)'h'..z pereent, urban); um}l—
T ¥ ypevate of 12 towns, each with 30, 000 o containing communitics with 1950 populations
: won occupied dwellings . 104 below 50,000 (41.4 percent urban),

[ agrete of 13 towns, cach with 20,000 to Curwen, Kennaway, and Kennaway only

- w0 oceupiod dwellings.....oooo oo 100 recently recorded fresh evidence supporting

gate of 29 towns, v.wh with ll‘\s th.m | . . .
";;m“””pud dwellings. .. 59 carlier observations.  The new evidence indi-

cated the existence of positive correlations
fa Ohbio, for the years 1947-51 (Mancuso,  between population density in England and
MeFardane, and Porterfield), the standardized  Wales and mortality from cancer of the lungs

wp 2. Frequeney rates of lung cancers in autopsy material of German pathological institutes, 1906-521
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Pereentage; Sex
: . of lung |
Anthor : City Period  : cancers 3
' among a.ll { Male Female
: canecers ! |
- ) i .
frﬁn\\wel ....... ’ Frankfurt. .. . L. 1906 .. .. ; 1.6 0. 97 : z
............ ' Goettingen . . _ e L. 190612 259 ,______4_,-i__<-__~__- i
(_ﬂa.mand\thoe-g Jena. ... __ o L o 1910-14 ! 2.2 .. L g f
;[ T, ! ; i ; i
P PBerlin. . . ... 1913-17 6.2 ... e g1
we - ———-| Dusseldorr_. .. S £ 1) ST 3§ U D i1
oo Bwickawooo .o o L 1924-27 . 129 s b i
.-} Dresden_. e e 1924-31 19.79 00 . .. o
. . .i Germany._. L i . 1925-33 13,0 o s § -
. ... Goettingen. . . . I o 1927-31 . 983 . . eos B
coeeo Berlino_ .. L. IR 1927-31 Voo ..l
.. Dwickau____ ... . I o 1928-31 13.0 R
F e . Duesseldorf... _ . | e 193140 12 28 (i eeaemaan
-y snoll.__: Frankfurt. o ... ... . . . ... ... 1932 139 . I
‘::f aud Schoe-  Jena_._ ... . 7T 1932°39 120 | . I
p . ' : | :
“Wasels. .. Frankfurt.._. ... _ ... .. | 1938 ... . ... 12.94 1 2. 38
(3 TR ... Duesseldorf._. . . . ___ . e 194240 21. 86 R ER EEEE R
b T . ... Leipzig.__.. . ... e o 194548 3.0 il
-:g?‘amr and Kin- + Bavaria____ .. ____ . .. . 1945-48 l ____________ : 214 4.8 g
i ‘ {
™. Duesseldovf__. . .. .. ... _ . ... 1946-47 | 26,23 | e 3
Bt . Jenal__ . _____ e .. 1946-48 | 13.0 | e E
t- “Duesseldorf_._ ... .. 1948 35.53 R ] EEEE T T
‘%"‘" Knoll - cFrankfurt. oo .. Lo ... 1951 ¢ p2: S g
M Gcrmany_,___,_ BRI £ ¢ 1> Y J DS 23. 4 5.4 ¢
-------- T | ]
*From Kahlau, ?
g
Healih Monograph No. 36, 1955 3 !
5
§
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Figure o Comparative trends in respiralory cancer mortadity . 192450,
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yles ained fenutles aned cancer of the Taryny ~tatd w73 persons per square mide and

T Cgles, Bt ot ol Tenwdes. This rebuoon s cateer deathe per 5500 inhabitons.

L apparent when comparing relative fung [ has recently been observed that the Tung
ALES3 N leath rates in the United States and caneer death rate Tor white males living in the
, e i i i

downtown arca of Pittshurell s excessively

sl with the relative population density . . . .
' high  twice the rate for males Hiving elsewhere

e countries,  Whereas, in the Unite : . . .
Eés e ‘ ) ' 3 in the city. Tt ix somewhat ancertun whether
‘ e with s populations ol 45 persons perpic ohservation carries the same implication as
seomiles 1o ling eaneer deatly ocewrs por the observations made in Ohio and in England
1Y o phabitants, o England  these fligures and Wales,  Such an interpretation is suggested
'S , . R . A . 3 .
L1 Lung caneer rates in neeropsy material of varions German institutes of pathology for the period
1895~1925
Pereent of
Period Total cancers Lo B eaneers Rivnge Average
Cileers atmong all >
caneers
N 2801 yope ! 115y, Pl [ 1O 6 2 ) .
: oL 27t 30 - o 196, 2
ay oo Toarn 102 axg g 2 s0 o LR
£S O 15, 14l Ni32 a2 3.0-7.0 .

e 2 Agemadjusted death eates for respiratory cancer per 100000 white males in the United States, 1950,

(Lew)

[ Junder 17 1720 7 22 B 25 « over

ND
i
!
£S5 o
O
R
1950
*the Lo M Health Monograph No. 30, 19533 S
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Table .

Locidenee of eespiratory cancer, smorbidity rates per 1000000 population for Y metropolitan

by osens 1937 and 1947

Privvar s s eaty Mitles
- - Pereent
Itk it Therense

Bronehus and lunwe:
ASERITTED an i) IHhs
Noew Cfeans 13,1 3O 1N
Prnttas a4 2000 3l
Birminghan (TN ISy R
Denver 94 2 IR}
N Franesea I Sh3 120
Uliiengno 13,3 R 1
Pitt~bireh Wy 24 1H
Dhetrons 12on 320 151
faryny:

Vidana [ (I {] L6
New Oirfenus [P [ 32
Dallns 402 1 iy
Biviminehinn 1. 1] N6
Denver 20 [ KR
San Franeiseo 1a NS T
Chicago [ 70 1
Piti<buareh o S0 s
Iaetrait 300 hod 3

by the Taetr that the white male mbabitants also
had an abnormably Jueh skiv caneer death
rate (Patnor. Thiz s i acrecirent with the
weneral expertenee demonsteating the dual vole
phived by many oceupational carcinogens, such
as aesenieals, coal tar. petrolenm derivatives,
and radioactive substanees in the produoection
of hoth cutancous and respitatory eaneers,

A addittonal expression of thi= wrban-rural
pattern ol fung cancer vates = contained in the
recent report ol Lew. who Tound that these
rries were 30 1o 30 pereent higher among tndus-
wial pobeyholders of e Neteopolitan Lile
Bostranee Company than among males holding
ceneral policies, Lew found, on the other hand,
that ~neh ditfevences did nov exist for female
hiolders of the cwo types of palicie<, He pointed
out that industeal policvholders represent, for
the most part, wrban wage carners and their
famibiez o the fower-ineome brackets and
mchude o high proportion of men engaged
nanufacturing, wmechanical indostries, mnnng,
transportation, and persanad <eeviee,  Inoeon-
trast,  the general  polievholders arve  drawn
mostly frone middle- and higliee-income groups
engaged o nonhazardons accupations,

)

e
Morbadivy e
I"erdes Toral
1asT pogy Pereento g iy e

erense ine
1.0 S0 100 24 N4
20N 2 ] 7.6 2008
LD [} I, 180 B 17.2
21 3.0 hil 3.3 1.0
12 N 03 (I LR
au N 10N 08 2008
[ 7.0 i SN 18,0
[ ) 12 7.3 15, 6
208 o7 LIS 7.8 (RN
3 0.3 Rt 20

o . u 150 306 7.6 »
1. o 7. 2.8 27
( 1.3 7 A
0 ) o0 2.0
2 o8 300 2 L6
I b K] 3D 3.7
| .M oo 200 (9}
{ .3 20 20 34

The appavent causal significance of ¢
epidemiolosieal findings has been demonstra
by several investigators,  Appreciable amou
of So-beuzpyrene have been demonstrated
Waller and Cooper (RL Loy among the air poll
ants ol English ¢tties: by Kotin and associa
in the partteulate phase of these atmosph
constituents in Los Angeles, and in the exha
fumes of gasoline and diesel engines (table:
and . Tt has been estimated  from th
ficures by Blackloek, Kennaway, Lewis, a
Urqubart that about 16 mg. of J4-henzpyr

Table 3. Cancer of tung and laryvoax, England a
Wales 1916~19 (Kennaway and Kennaway)

Ty pe of contuunity Lung ean- Laryus ca:
M - cor ratio! cer ratio!

- Fe- ales . ¢
Males nutles '\Llhh.'lllal'

Cirenter London, 100 100 100 1
County horough _ . 129 137 125
Other arban districts. . 160 7 156 148 ¢
Rural districts.

..... 233 1INy 170

' Number of persons producing [ death,

Fuvironmental Causes of Cancer of the Lur
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blt‘ Lung cancer death rates in 23 States ol the
T'[ m((d states, 1010 and 118 erade deathe rates per

100,000

Sinte o THHEN

[nsdnsiriadizedd States

.-.-uicul. NS [
I N N2
AL - Hoo S
) ‘“_\“h\pctl\ “.|__| .2
Pyl o il
vy Hampshire 7o 1o
o Jersey L " v wov
-,»\\'ork... o2 (AP
PR 60 s
oavivani “or N
e Delandd Lo ST Tl
States with regional industeilizaton

: G 1S
} i N |
: th, D AN
T A oot
ot - HY 0 NN
ashit aov Nh

Varieubtural Staves
7
i 1o FIs
¥

‘ N1 TH Lo S0
. R N 0 a0
\IV\I(‘u‘A.., 26 aon
woee Unroling R Sl Lo
P Dakota L o6 [
' I (A 11
- Carolin . . . 36 AT
Feangton hod 12
AL [ 50

Coedeath rates for the vear TG were taken from

Atnerican Caneer Society, Tnen 10190 Caneer

et Rates for cach State i the Updted Ntates by

<o tese for the vear TS were prodneed by the
f o nad flice of Vital Statisties

Hble 7. Lung cancer mortality rates. per 1000

deathe by sex. in Austria. 1951 (Herbieh and

Neuhold)
; Comnnnity Totad Mades Fo-
H v ndes
4 . . 307500 TN
Ty b DR 1,000,000 N 2 316 S0
L0000 60,000 _ IS4 3203 R
irder of Nustrin .. 1.3 173 a7

Pable Health Monograph No. 36, 1935

Figure 3. Cancer of the Tung in males aged 23 years
aned over, Lngland, 1921=300 Reproduced by per-
mission of the Britich Empire Caneer Canpaien,

Ry
/?\') 2\- Counties including
. \‘ NI ) E County Boroughs
[9d e

{

Actual mortality per cent of that expected from the distribution
of popuiation by sge and class of district
Under 70 70 - 85 - |00- 15 = 130 - 145up
1

o Co..

Figare 1. Observed and expected lung cancer deaths
in urban and rural Ohbio, 1917=31.

(1. 1. Maneuso)
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Uable 80 Fstimated comonnt ol areonsatic hyvdro-
carbons in l-minute samples of zasoline exhaust
with varving engine revolution speeds (Ratin)

, Caonn- , Benz- At
Plevolit o= P i -
i B N Nretie e . proers - HYRI
froev it pyrehe
|!'lu' Foe
SO0 225 280 120 230 1534
1.000 (B{1) 3th fil 177 o2
1.500 anNT 2640 a9 60 il
2,000 | 12 1t w3 27
2000 Si6 127 20 it al
3,000 121 25 13 NS (]
G000 N D ty A9 Ry

Phsities are expressed i pe, o 0 lomed,

may be inhaded and retned o the lunes from
these sourees during a hfetime and that this
HUANULY represents approximately 10,000 tines
the dose (04 mierogramsy capable of producing
crieer i nnes tHhon subentancous imtroduction,
Hoshould he etaplasized o this conneetion that
SoA-henzpyrene is only one ol the several ear-
cimogenie chemieals zolated Trom atmospherte
pollintane= and that, therelore, the acetual total
amonunt ol atmospheriec careinogens reaching
the Jung s considerably lngher (Fulk and
Steiner: Wotin and associatesy, The benzpy-
ree content of the ane was mereased Tourfold
during smog davs (Waller.

o diffieudt, i not impossible, 1o reconeile
the obviouns causal =ignificanee of this fetual
evidence with the elaim that =uch regional, and
espectally urban-raeal, dilferenees in lung cancer

Table 9. Vstimated amount ! of aromaltic hydrocarbon in l-minute samples of diesel exhaust with varyi
foad and engine revolution speed and with fuel-injection inetlicieney (Kotin)

Levaln-
fions per Lo
minuaie

Condition

1. 000 (0 Compression release
L _da
' da
"ty xfn
L m
|y ) (1] i
Ty . ~da
t, . o
by o,
4 o,
1. 0 0 . o
Yol L do
L da.
“u coado
. i _do

PQuantities wre expressed in g, min.

ﬁ'(‘qll('ul'.\' e lul:l“) aeeannted for l)}' diife;.
ences in the eigarette smoking habits of th
two population gronps or merely reflect loeg
dizerepancies in the diagnostie acumen of urbar
and vural physicians and i the availability of
dingnostic mediea] facilitios,

Such explanations hecome even less tenable
me view of the faet that the annual age-adjusted
inerease in {requeney of lung cancer deaths wag
Bicher in 1914-30 than in 1931-44 (table 10),
whereas the nuekedly inereased cigarette con.
sumption during previous vears should have
boosted the annual progression rute above that
seen during the earlier period. 1t has been sug.
cested (Lickint: Hammond)y that this paradee.
cal behavior of progression rates is attributable
to the faet that many eigarette smokers did
not live long enough to develop a lung cancei
beeanse of their precocious death from corona
sederosiz, which also is assumed 1o be clicited ig

&
Table 10, Annual age-adjusied inerease of fred

quencey of lung cancer mortality

Percent increase

Sea e e e ~---~~---~'—-~~———‘i
190 300 1931-401 1933441
Males 10, H b 5
Femles S0 290 2
U Born.
* Patter,

— 4
'y rene Compound Benz- Benaz- Anthan- .4
: X pyrene perylene threne j
137 22 146 22 L §
267 76 165 42 13
A%6 175 T2 124 223
1. 800 640 1. 320 610 472 4
2,500 639 NThH 1, 265 160 %
208 0 9 79 1.8
257 0 i7 10 24 3
148 278 437 171 197 3
NSS ARS8 432 430 320
1012 614 1. 706 976 944 ;
IS8 0 80 0 20 4
177 56 ) 0 16 %
220 76 1, 37¢ 368 69 3
T34 337 0982 1. 071 5T X

N22 346 1. 687 HER 666

Environmental




g mRjority b eses by crdarette smoking, crearelie theory and Iy perlap= monmentants
cording 1o “atistiead eviidenese, <=y the protaeorsi= ol thas cancept, althonel
e an exphuaton convertenth disposes ioennnot e baven serionsiv by oanyvone who has
“nll()])s«‘)‘\';l'fmn clhisllearme the validiny o the any competenee e the stady al artertoscleros -
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times, i different doealities, and in dillerent
demographic groups, it is most unlikely that
such diserepancies and changes are attributable
to fluctuations in the intensity
factor, saeh as cigarette smoking.

of one single
Tustead, they
appear {o be due to alterations in the type and
extent of the action of a hroad spectrum of on-
vironmental
the
degrees,

respiratory
members of the

Carcinogens
lwo sexes (o

affecting
different

The marked and growing predominance of
males among fung cancer vietims seems to be
due largely to the following factors:

Males ave more extensively employved than
females in oecupations whieh produce and use
known or suspected atmospherie carcinogens.
Also. males work mare consistently and over
longer periods of their lives insueh occupations,

Males predomimate in outdoor occupa-
tions, especially in urban acveas, where they he-
come exposed to carcinogenie pollutants in the
egeneral atmosphere (elffluents of domestic and
industrial furnaces, exhaust from gasoline and
diesel engines, dust from rubber Gives and from
nsphaltod and oiled roads).

Males more often than {emales perform
hol\\ physical labor rvequiring deep and fre-
quent respiratory movements facilitating the
penetration of earcinogenie air pollutants into
the distal pm'(imw of the respiratory tract,
thereby ereasing the frequeney and degree of
exposure.

4. Males more often than  females work
througl the entire span of their occupational

life within urban areas with proved earcino-

Table 13.

venie atmospherie pollution, while females st
for larger portions of their lives in the clem
suburban dormitory communitics.

These considerations provide substantial sy
port to the concept that local differences
general and occupational industrial air poll
tants may more plausibly account for an g
preciable portion of the observed differences
attack rates for the two sexes rather than ¢
loeal variations in their smoking habits.

The doubts as to the unrestricted validi
of the <igmutc theory are decpened if critié’.
evaluation is made of another dubious hnk
the chain of claims advanced to bolster t.ls,
concept. It has been maintained (Grahay
that squamous cell carcinomas of the bronchs
mucosa are a specific response Lo cigaretd
smoking since («) this histological type of bro
chogenie carcinoma was allegedly rare befo
1920; (b) it has inereased considerably sin
that date in relative frequency in comparise
to other histological types of carcinoma,
pecially adenocarcinoma ; and (c) it is more of
found in males than in femalc

The facts are as follows: Bronchioge
squamous cell carcinoma has commonly b
found with all known occupational respirato
cancers (table 13). However, many of the
agents have also elicited other types of p§
monary carcinomas, such as undifferentiaty
round cell carcinomas and adenocarcinom
Thus, there is no evidence supporting the vig
that any specifie respiratory carcinogen elic
a specific and characteristic type of cancer.
study of lung cancer records of cases observ

Histological types of occupational respiratory cancers, according Lo earcinogeniec agent 3

I
Nquamous | ‘ \ s
" cell carci- | Anaplastic :
Agent Organ homa with | ](fl? légg cc(flll‘ or polymor- } Adenocand
or withouy . phie carci- cinoms 4
cornifica- carcinoma noma
tion ‘
l i)
t
Tarfumes__ ... . .. . Lung_ .. B, i
Nickel. T _do. . e }
Chromiwm ... _ .. ... do_ . .__<__‘_A.
Asbestos_ .. do L
Radioactive g'h(-x and dust_ . .do. . ]
Nickel____ ... ___. \arns and nasal sinus._ .
Radioactive gases and dust . N { 1 T
Isopropyloil ... . . . B do.. . .
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before 1920, or even before 1900, readily estab-
lishes the fact that during those yvears squamous
eoll eareinomas ol the bronehi were by no means
rare ocetrrences (Wolf, 1895 =8 squanmous cell

Table 1. Consumption of tobacco in pounds per
head-year. New Zealand and United Kingdom.,

carcinomas among 15 lung “dhcers; p
1927 25 pereent squamous cell Carcinomgg
tween 1905 and 1918; Watsuji, 1903—og e .
squaous cell carcinomas between 1892 - 600
1899 Adler, 1912-—approximately 49 T 6

squamous cell carcinomas among 18] hmgml
o .

1900-1950 (Lasteott) cinomas colleeted from the literature With ado §

e R : : quate histological data; Proe. First Nat. Cap & 50C

Conf., 1949—44 percent squamous cel] care;:

nomas in males; 11 percent in females,

Pounds of tobaceo per
head-vear

Year i While adenocarcinomas are more frequeny “ 40C

New 0 United females than in males, they also are moge 1, ¥

Zealand ) Kingdom . v ’ Te fr :

e e quent in yvoung persons than in old ones Lind ¥

: i . skog: Proc. First National Cancer Coni, 191018

1900 . 23 .95 o . - 14sE

eto T o 769 9 99 I'he evidence on hand scarcely supports (e

182;8 ----- e .- i 52 = 2; 2*1) coutention that adenocarcinomas are of ep, ;

40 DT 387 3 g7 enous causation (Lickint) or that they have w§
1950 . .o ... .. 2. 36 4. 22

ctiology differing from that of squamoys Y 3 gzo(
- carcinomas (Kreyberg). The male-female " 1

Average death rate per year per million persons (males) from caneer of the fung, 193%-3,
New Zealand compared with Fagland and Wales (Easteott)

10C
Age
Periad ! Country ' : f ; 3 (
i 3544 0 45-Bd | 5564 | 6374 . Pt @
; ! i i , over \
; : { | 1' i -8 nlio !
03236 t New Ze : ..
32-36. L. z New Zealand_ . _ ... .. ... .. _. - 13 | 87 { 158 204 ! g Living
; ! ' i ; B P
1937-41. ... Loodo_ Ceee.o . 330 108 2351 og3i ¥ 28l
104041 ... I England and Wales. . _ ... 126 1 4241 8021 715!  H&f pot st
' F { ’ : 5
1042-46_ ... __..i New Zealand___ ... . 461 168 | 466 | 635! s bormi
1042-46_. ... ... y England and Wales 00 . ' 132 | 466 | 1,072 ¢ 1,021 5% viron
WT-31_. . _...__._. New Zealand__ N 43+ 987 | 732 1,014| '} condit
TO47-51_. .. ... ... Eagland and Wales . | 166 ! 781 ] 1,682 1,871 1,m¥ Th
t | 5 W
5253 New Zealand_ ... 610 3051 1,027 1,456 1. g the b
5253 .- ... DLngland and Wales_ .. . 175 858 ' 2,171 - 2,650 : 1 6%§ ciare

I

¥ since
o ) % genic-
Table 16. Observed and expeeted  mortality from cancer of the lung according to place of birth § ith
New Zealand or the United Kingdom (Easteott) 5 3 “
S S P .} cinog:
! Fin
!

Age at entry to United Kingdom :
i not e

. OTVO AR . v . . |
Place of birth ‘ ()(ll):g; I\\:d : 1.3(}‘);‘:3‘\](.(& Cuder 30 30 and over e
. & b l IR - )
; ‘ i Observed Expected Observed Expected death
:‘ ; deaths deaths deaths deaths . (fig.
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Figure 0. Teends in seleeted enviconmental factoes, United States, 1900=53 (Hammond).
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of lung cancer (1:0.7) among Mexicans
+in Los Angeles, as well as the ratio of
for asbestosis cancers (Merewether), do
mpport the view that women have any
onal protection against the action of en-
mental respiratory carcinogens if identical
itions of exposure prevail.

© claim that squamous cell ecarcinoma of
wonchi is In any specific wayv related to
ette smoking thus may be laid to rest,
'm0 special histological type of bronchio-
searcinoma bears any consistent connection
“any of the recognized respiratory car-
pens.

nally, it may be mentioned that there does
st any parallelism between the annual
mpita consumption of tobacco in different
ries and their respective pulmonary cancer
b.rates (Herbich and Neubold; Gilliam)
8). It hasbeen calculated that the English
cancer rate is apparently double that of
United States, although the English smoke

#eans. This interesting and perhaps sig-
Mt observation, which fails te support the

194Q 1950 1960

validity of the cigarette theory, is disposed of
by its proponents by assuming that exposure
to cigarette taris less sever: for Americans who
do not smoke cigarettes to the very end than
for English smokers who, for economic reasons,
indulge in this questionable babit.

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

Easteott, morcover, found when comparing
the observed number of lung cancer deaths with
the expected number for native New Zealanders
of British extraction and for immigrants {rom
the United Kingdom that the immigrant group
mects with & much higher incidence of broncho-
genic cancer than would be expected on the
basis of equity, suggesting that the immigrant
has an inecreased susceptibility to lung cancer
(table 16).

The chances of dying of cancer of the lung
are 30 percent higher for all United Kingdom

13




mnugrants, but for those who were 30 vears of  lung cancer mortality for Upper Austria
age or more on entering New Zealand, the risk Kaernten, on the one side, and for Steien

i< 75 pereent higher, according to Fasteott.  and Tyrof, on the other side, although i
Differences in habits of tobaceo smoking are  four provinces there prevailed approxim:
unlikelv to coutribute to this picture, n the the same per capita consumption of cigare
npinim.x of Easteott. These authors suggested that the high

Herbich and Neubold pointed out that there ancer mortality among the people living ir
did not exist any consistent proportional [re- marginal regions of the northern slope of
queney  between cigarette consumption and  Alps might be related to climatic-atmospt

Figure 7. Rise in annual production or consumption of cancer-related industrial chemicals between

and 1948.
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Smilar observations on the inftucnce of the
seevalling winds upon the relative frequency of
;mf.' cancers i different arcas of the English
Herbich
i \eubold, morcover, found that the lung
aueel mortality rates were twice as high in
somunities located  along  main  highways,
shore the atmosphere was polluted with exhaust
canes from gasoline and diesel motors and the
,',-i and fumes of asphalted roads, than among
.+ whabitants of villages and towns situated
:'.:mh' from such trafic arteries.  In fact, the
-~ in lung cancers follows more closely the
cenease in consumption of motor fuel and the
wuaruction of asphalted highways than the

consumption of cigarettes (fig. 6, Hammond;
fie. 7, Hueper) and is similar to the increase in
production ol other cancer-related chemicals.

It is apparent from the numerous ohscrva-
tions and laets of general environmental nature
cited that there exists an impressive amount of
circumstantial evidence of different character
and from various sources which strongly sug-
vests that several, if not many, environmental
[actors acling in varying degrees and combina-
tions cause or contribute (o the development of
pulmonary cancers and are involved in their
recent rise in frequency.  Much of the evidence
on hand, particularly the irregular cpidemio-
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 respeets.

Occupational Evidence and Respiratory Carcinogens

The concept that environmental factors cause
s entribute to pulmonary cancers is supported
sr vpidemiological, medical, and experimental
s<afence obtained from analysis of lung cancer
ats of various occupational population groups
w well as by studies of lung cancers and their

| werilic and different causal agents present in a
| wamber of restricted worker groups and in

tsil4iefined industrial operations.

- Epidemiological Data on Large
' Iadustrial Groups

. Epidemiological studies on the frequency of
fizg cancer among members of large industrial
Fwps and trades have brought to light the
stence of marked variations in the liability
# berons engaged in different occupations to
Aeer of the lung. Tables 17-19 supply
“ramg illustrations of these differences and
= sauie of the factors which may possibly be
*goasible for {hem.

Table 17, which lists lung cancer death rates
B wven industrial groups in Qhio, shows a

1955
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striking difference between the rates for agri-
cultural laborers and for cmployees 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 cutancous cancer and last in rates for
pulimonary cancer. This is in accordance with
the relationship between solar radiation and

Table 17. Lung cancer death rates per 1,000 deaths
from all causes for 7 industrial groups in Ohio,
5,309 males, 1947 (Mancuso)

o Death
Industry rate

Nonferrons metal_.____ . __ . _________._.. 3. 22
Transportation. ... ____._.____. 2. 91
Rubber and plastics . - . ....._ 2. 34
Iron and steel .. . .. 2. 18
Mining and quarrying - - ..o o . ( 1. 53
Agriculture. . . .o 2 .82
Stone, clay, glass_ . ... ______ . 66
Totala o 1. 76
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skin cancer and the relationship between fow
concentrations of carcinogenic air pollutants
and lung eaneer,

Nonferrous metal workers, on the other hand,
often have contact with dust, fumes, and vapors
of some careinogenic metals, such as chromium
and nickel, or with arsenieals which are impur-
ities in many nonferrous metals (eopper, zine,
silver). Transportation workers are exposed to
the exhaust from gasoline and diesel engines,
petroleun Iubricants, and dust from asphalted
roads. The rvelatively high death rates of
workers employed in the rubber and plastics
industry may possibly be attributable to the
use of eoal tar, petroleum oils, and tars, furnace
black, mineral pigments ol carcinogenic chemi-
cals, and aromatic amino-antioxidants used in
the production of rubber and plastics.

The actual discrepaney in the lung cancer
liability between operating and nonoperating
railroad workers is even greater than is appar-

‘Table 18.

ent from the figures listed in table 18. '
cmployment ratio of operating to nonoperat
railroad workers in one of two large railr
companics was 1:4.  From this ratio, it appc
that, on the basis of the crude, nonstands
ized (sex, age) figures presented, about 75 §
cent of the lung cancers in railroad cmploy
occurred among the operating group, wh
supplied only 25 percent of the total number
employees. Operating railroad workers
cluded engincers, firemen, brakemen, cond
tors, switchmen, and roundhouse person:
that is, workers exposed to the inhalation of ¢
soob and oil fumes from diesel engines and fi
and lubricating oils, which contain carcinoge:
polyeyelic hydrocarbons. .
Dunner and Hicks recently called attenti
to two additional worker groups, boiler galg
and grain  dockers. In the experiendes
Dunner and Hicks, these workers showed
excessive liability to cancer of the lung. Twe

Frequeney of lung cancer among operating and nenoperating railroad workers

3
SN s

Type of railroad worker

Total .~ T K
Railroad i Period . lung . Operating Nonoperating Undetermined .
i cancers . . i P
! .
l % Number | Percent Number | Percent . Number " Percer
T T T T T T T i !
N | 194050 | 29 | 24 ! 83 5| | R T S,
B ‘ 193949 | 104 | 59 57 15 i 14 30
i !
Table 19.  Occupational groups with excessive incidence of lung cancer
Occupational group Potential respiratory carcinogens Investigator

Metal workers, welders, metal grind-
ers and polishers, wire makers, tool
and die makers, foundry workers,
metal moulders, lathe workers, ete.

Cigar manufacturers and tobacco-

nists,
Engineers, mechanics, machinists, | Metal dust, soot, lubricating oil._._
plumbers, cranc operators in smeit-
ers, ete.
Painters, decorators. . ... ... Metal pigments, coal lar dyes,
carbon black, asphalt paints,

Metal dust, lubricating oil mist____

Tobaceo dust, insceticides, soot_ _

Kennaway and Kennaway; Tun
and Grace; Miiller; Dublin -&
Vane; Wynder and Graham;
Laughlin; Breslow and assaciatl

Seyfarth; Kennaway and Kennawi
Enger; Versluys; Brinkmann. §

BECC! 1944 and 1952; Gillesp
Turner and Grace; Miiller; Wynd
and Graham. 3

BECC 1 1944; Miiller; Dublin

Tar workers, road workers, asphalt-
ers, paviours, stokers, patent fuel
workers, furnace men, f{oundry
lahorers, rollers, ete.

=olvents, vehicles (lacquers, res-
ing, synthetic plasties).

Tar and pitch fumes and dust,
s00t.

Vane; Fulton; Wynder and ‘Gf
ham. ;

Kennaway and Kennaway; Fulid
BECC! 1952; Registrar-Gene§
(1938); McLaughlin. E

I Report of the British mpire Cancer Campaign.
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tefour Jung cancer cases were found among  the abnormally high fiequeney of lung cancer
300 dock workers at Hull, England, of whom  among grain dockers s at present o matter
00 were exposed to grain dust.  There were for speculation,

8 boller scalers with lung cancer.  With the Mention also mayv be made of the recent
~meeption of 1 boiler scaler, none had any  observation of Faulds on the cxcessive fre-

“mdiological evidence of pneumoconiosis and  queney of pulmonary cancer among English iron
v 5 had a slight degree of pneumoconiosis  ore workers employed in mining activities at
®on histological examination. No lung can-  two different locations.  Necropsies performed
§ ors were observed among dockers who were  on these miners during 1932-53 showed a lung
wexposed Lo grain dust. It may be possible  cancer incidence of 9 percent (192 necropsies
“dat boiler scalers sustain a careinogenic expo-  with 17 lung cancers), while post-mortem ex-
| v 1o chromate-containing scale, if chromates  aminations done on 2,378 males of comparable
¥ used as antirusting agents, or that these  age who were not employed in these mines
'Mm sustain a pulmonary deposition of  revealed that only 44, or 1.85 percent, had
wo oxide.  Whether specific vegetable matter  primary lung cancers, It is remarkable that
X eome carcinogenic contaminant of the grain,  there did not exist any parallelism between the
- as residucs of chemical fungicides or other  degree of pulmonary fibrosis observed in the
. Mevssing or preserving agents, account for  iron miners and their liability to lung cancer
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in (uberculous lungs, 2 plus; in fibrotic lungs
without cancer and/or tubereulosis, 3 plus).
The absence of a positive correlation hetween
pulmonary fibrosis and lung eaneer was noted
when the evidence on lung cancer among the
adioactive ore miners of Joachimsthal and
Sehnecherg was analyzed (Hueper).  Although
the actual eausal Tactor responsible for the
lung cancer among iron ore miners remains to
be determined, it may be mentioned that Levin
and his co-warkers recently recorded a positive
statistical correlation hetween an occupational
exposure to iron oxide and heat and ecancer of
the lung.

The studies of Breslow, Hoaglin, Rasmussen,
and Abramson 518 histologically proved cases of
lung eancer in California suggested the existenee
of an mereased liability o lung eancer for
members of the following oceupational groups:
welders, sheet metal  workers,  steaunfit ters,
hoilermakers, 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;
asbestos workers; construction and maintenance
painters, who inhale vapors or various organic
solvents, resins, lacquers, plastics, and rubber,
as well as finely dispersed inorganic and organice
pigments {chromium, nickel, copper and arsenice
compounds, carbon black, aniline dyes); and
comunereinl cooks exposed to fumes and mists of
overheated  vegetable and animal [ats and
mineral pan greases,

A recent study of the causes of death of the
members of the International Pholoengravers
Union raised the suspicion of an excessive lung
cancer liability for members of this oceupational
group,

From the different lung ecancer death rates
listed for the various oceupational groups, it is
obvious that the total number of workers
possibly exposed to occupational earcinogens of
known or still unknown nature is evidently very
lavge atud comprises workers employed in basie
and processing industries, construction, (rans-
portation, services, trades, laboratories, and pro-
fessions (fig. 8). It is, on the other hand,
equally clear that the quantity and quality of
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suvenon avallable on the 0“Cllpa‘:
aspeets of lung cancer causation are deplo
defeetive beeause of an absence of extensive
prolonged analyses of Jung cancer dealye .+
various industrial groups for specif,. - '
factors. The evidence on hand nevep,
adequate for demonstrating that the wig,
tions i lung caneer {requency
existing botween dilfevent industrial
vroups are attributable to differ

lis X
\‘gm

not to differences in cigarette smoking haly,

Occupational Respiratory Cancers r

and Carcinogens

Conelusive  evidence of the existone,
exogenous carveinogens and environmenty "
spiratory cancer hazards is provided by th

epidentiological, medical, and experimenty daty
concerning  occupational respiratory Cillieery

A general view of ch<3 0('.('uput10nnl FOSPiratiey
cancer panorama, including causal ages, 4,
organs affected is presented in table 19,

Scape of Fuecironmental Lung Cancer [g-gr,

An indiseriminate acceptance of the figrurm '

given in table 20 as reflecting the actual scope g
these identified and  recognized respiratae
cancer hazards, however, would he serioyh
misleading, despite views expressed by severg
protagonists of the cigarette theory (Ringeru
Wynder and Graham; Levin; and others
Although a definite demonstration of spuats
occupational lung cancer hazards has so
been made for only relatively restricted workes

groups, the evidence on hand is not only w. §

equivocal but also indicates that other worke
groups exposed to the same causal agents o
subjected to identieal or similar working conds

tions are subject to the same bazards. 1s§
contrast to the apparently low carcinopee §

poteney of the suspected, but unidentifid
agent presumably contained in tobacco smde.

the occupational respiratory carcinogens av4
evidently highly potent, as shown by their his §

respiratory cancer attack rates (table 21).

Sinee environmental carcinogens have b g
shown to produce cancers wherever they openie}

in adequate intensity and duration, and e

sidering the fact that many of the occupations ¥

{l])pxm.m}' '
DOPulatiy §
CRCES I mopy . §
less well-definable oceupational expos e
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5*?3}1-3,&01'_)' arcinogens  ocewr as industey- The approximatle scope of occupational ex-
“rated general atmospheric pollutants, it may postires to the various respieatory careinogens
'%’ﬁﬂ)' be assumcfl tln.LL !.l‘u‘su pnllul‘:ml.s repre- nay be estimated from data supplied by Bloom-
& { the cause of a significant portion of lung  field and his co-workers.  From a survey of
“ineers MILONY niemibers of the general popula- 1,505,204 workers emaploved in all industries of
Pon especindly those who live and work in 10 States, it was fownd that 7,976 were exposed

." 1 . . . .
':thlY industrialized areas. to funes and dusts of chromiunm compounds and
we 20. Ocecupational respiratory carcinogens and cancers recorded during past 75 years, their causes, sites,
and numbers
= . e e
Niunber of recorded cases
Agent ‘ Site of cancer \.(‘:‘l.r‘(,l‘ij- T
voveree United  Other Total
s States conntries *
v, o o . Lung_ . 1930 7 0 | 23
sApsenic. - - -
mw o do . . o 034 22 74 95
F Chromates... - e el do... .. . 1932 75 65 . 140
. kel .. - . . ...do. I 1932 0! 84 sS4
Nares and nasal sinus . .0 o 0. sl 51
Cosltar ... ... - .. Lunge___._ e o 1936 0! 53 53
Petroleunt oils . - Lung and larnyx. _ o 19:36 T 33 40
'bopml’."l oo e o Tang_ . _____. . [9406 I 0 : |
: Larvox ... .. . e [ 0 4
T Naxal sinus_ . . L e G 0 - i
 padioactive chemicads.. .. Lung_ .. . o ... IS79 0, 625 625
- Nasal sinus_ _. AU 1931 ‘ 3 0, 3
S Total .o . 125 © 1,001 i 126
Table 21.  Respiratory cancer atlack rates, by environmental carcinogens
Attack rates
tncidencein T T T T T T T T T T
Carcinogen Sites of eancers population Pereent Rate per 100.000
v at risk ol __
! cancer
deaths  Morbidity Mortality
" dromatic hydrocarbons:
- Coaltarfumes_..._____. . Lung.._._ A500: 100, 000 40 - .. B
= Petroleumoils . _ ... Lang. o . . 2,000:100. 000 3 e
> Carbon and silicon polymers:
o | Paranasal sinuses, ) . 134.5 ( nor-
o hopropyloil____ . larnyx. i 10:100 mal 6.5). e e -
: Tang.___ B (13.2-20 pereent as-
bestosis  autopsied
) (0.8-2.4 percent
r:,“ | normal)).
* Hetals:
S Nmsenie. Lo cLango oL e Cotooooo . 145.7 males (10.9 nor-
i i : ' mal.)
o Quromates ... PLung. .. ... o S (42X nor- - 146-338
2 i N | : i mal) :
Niekel ... (- s s | 3200000000 . .. D e
: H74:100,000 oL (20X nore e ..
Lung__ . ... ... [ :
- : ‘ ¢ mal). l
km'u'n}z radiation: i , i
== toactiveores_. . __ __. . . Lungo oo ... e [ F U ¢ {(50-80 percent of all
- : ! | i deaths).
! i
19

Gt

23 bt
A TR

]
!
4

oty eI s oy

% A s b

oo 4 s R -




P AT AT o Xy e o i 1SR S A S I

i
1
i
1
H
H
it
hi
i
1
i
%

3,356, to fumes and dusts of arsenicals.  For
industrinl workers of all 48 States, respiratory
health hazards existed from the inhalation of
dust, fumes, mists, and vapors for 35,000 indi-
viduals employved in asbestos operations, in
35,000 having contact with arsenicals, in 240,000
inhaling various tvpes of metal dust, and in
2,500,000 having cutancous, respiratory, and
mgestive exposures to various combustbion and
distillation produets of coul tar, piteh, ereosote
oil, soot, and to petrolewm fuel oils and iubricat-
g oils, greases, and cooling oils, to name a few,

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

The existence of an exeessive lability to can-
cer of the lung from an inhalation of coal tar
fumes by retort attendants of gus and coke
oven plants has been established by a fow re-
ports from Japan, Canada, and England.
Apart from these isolated data, no others are
available for similar operations from these or
any other highly industrialized countries (Ger-
manyv, United States, IFranee, Italy, Poland,
Russin).  Likewise, there is no oflicial record
available concerning the oceurrence of respir-
atory cancers among earbon electrode makers
and attendants in aluminum  manufacturing
plants, where workers hecome exposed to dust
and fumes {rom the pitch and petroleum asphalt
in the eleetrodes, and where, according to in-
formation available from four different countries,
tar and asphalt cancers of the skin have been
observed as the result of such contacts.

It is, morcover, surprising that data on the
occurrence of lung cancers among producers and
users of arsenical insecticides have been re-
ported almost exelusively from Kurope, al-
though the United States has been for many
years the main producer and consumer of these
products. Similarly, reports as to the existence
of respiratory cancer hazards from an occupa-
tional inhalation of mists and fogs of lubricating
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and cooling oils have so far totally origing
from Furope, despite the fact that Amerg
industries offer ample opportunitics for idengy
exposures, that an excessive liability to Iy
cancer has been noted for paraffin pressers
ployed in oil refineries, and that the survey]
one oil company has shown that there wag
marked predominance of operating reﬁn:
workers among the lung cancer victims of
particular organization.

Finally, attention may be called to the
that the entire evidence as to the existenced
lung cancer hazards for radioactive-ore ming
has come from the observations made in Schyg
berg and Joachimsthal. However, miningé
uranium ores has been carried on for 10 ¢
vears in the Congo, Canada, and the Unig
States and extensive milling operations of
Alfrican ores have been conducted in Belgigg
for many years without any official record'
similar respiratory complications among
workers employed.

Additional incompleteness of the 0\1stmg
ords on occupational respiratory cancers m
be related to the possibility that pulmons
cancers may have their causation from ageg
entering the body by an o\tmrosplmtory roug
While all known roqplmtory carcinogens are
environmental origin and are inhaled as.
pollutants, there exists some suggestive occu
tional, medicinal, and experimental evideng
indicating that agents introduced by oth¥
routes may be effective in eliciting lung canceyg
Several cases of lung eancer are on record Whl
developed after an oral administration of
senicals and which appeared in individuals w
arsepical dermatoses and skin cancers (Nég
bauer). Lung cancers also have been observy
in some aniline dye workers suffering frof
primary occupational bladder cancer (Miilleg
following prolonged cutancous, ingestive, ax
respiratory exposure 0 dusts and vapors 4
certain carcinogenic aromatic amines. 'f‘
possible scientific and practical Slgmﬁcance 0
these findings is suggested by the experiment#
observation of lung cancers in 10 percent ‘;
rats given the potent carcinogen, 2-acetylaming
fluorene by an cxtrarcspiratory route (Biek
schowsky). A cutancous as well as parenters
introduction of coal tar and several polycy
hydrocarbons as well as of urethane lesulted '

Environmental Causes of Cancer of the L
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recocious appearanee and an ineveased num-
et of pulmonary tumaors in mice,

pattern and Tupes of Rexpiratory Caneer

lHazards

1t a map of the distribution and velative con-
cntration of the different earcinogeni ‘.:l-il' pol-
jutants were prepared for n‘;:i\'cn area, it would
(hibit a sort of erazy quilt pattern to which
Je goneral atmospherie pollutants would [ur-
pish the overall background color, ':u'_vi'n;: in
Jpth between darker urban arcas and lighter
aal distriets. Other ty¥pes of carcinogenie
amospheric pollutants having a more circum-
Lihed field of distribution would appear ax
sregularly arranged and variously sized and
duped spots and islands of different colors
.z;pvrimposod upon the general background.
1 stands to reason that such locally differing
aposure. patterns are hound to exert an im-
ortant inflitence upon the epidenuological char-
wter and incidence rates of pulmonary ecancers
W various Figlons, tone of the various
ardnogens would produce its own epidemi-
aogical scatter ]ml.t,("m showing a diminishing
_-pr‘vud of cancers from multiple eavcinogenic
amduction focl.

" The following three main types of exposure
s environmental atmospherie earcinogens may
i distinguished :

1. General environmental atmospherie ex-
arires to cortain aliphatic and  polyeyelie
tvdrocarbons released into the atmosphere as
sevmplete combustionn products of domestic
ad industrial and ship fuels, as parts of the
Ahuust fumes of gasoline and diesel engines, as
shrusion products of rubber tires, and as dust
fm asphalted and oiled voads; exposure (o
wrsenicals contained in the mineral ash and soot
o«f hurned coal and in the effluents of certain
aetal smelters, and related to the large-seale
i of arsenical pesticides; and exposure (o
shonetive material either naturally released
from the soil and from bodies of water or pollut-
2z the atmosphere as the result of nuclear
“splosions.

2 Special and locally restricted atmospherie
“tposure to carcinogenic pollutants of the air

Public Health Monograph No. 36, 1955
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exists in the vicinity of nonlerrous metal smelt-
ers releasing in their efftuents and {rom their
slag heaps Tumes and dust containing nickel,
acsenicals, chromium compounds, and berylli-
wm,  Similar exposure exists in the vieinity of
carbon black plants, oil refineries, tar distilleries,
gas plants, and similar industrial  establish-
ments producing large amounts of soot or other
polveyelie hydroearbon  containing  eflluents,
and in the vicinity of radioactive ore mills and
atomic energy plants.

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

4. During the last 75 years, an increasing
number of specific chemieal and physical agents
have either definitely been recognized or are
strongly suspeeted ol being responsible for the
appearanee of caneers of the nares, paranasal
sintoses, larvax, and lung among members of
certain oceupational groups,  These specific
oceupational exposures are associated with the
inhalation of coal tar and piteh fumes and dusts,
mists and fogs of petroleum derivatives, soot,
vapors of isopropyl oil. that s, the erude liquor
from which isopropyl alcohol is distilled ; arsenic,
nickel, chromium compounds, asbestos, and
ionizing radiation. Since the available evidence
establishes such careinogenie connections with
only some, but not with all, inhalants, such as
silica or coal dust, it 15 apparent that carei-
nogenie activities are not associated with all
atmospherie pollutants,

Occupational Resplratory Cancers

The respiratory cancers of recoguized or
strongly suspected occupational origin are im-
portant, not only as industrial discase manifes-
tations but also as prototypes of etiologically
and topographically identical cancers affecting
workers in other, similarly hazardous occupa-~
tions as well as of those cancers involving an
indefinite portion of the general population sus-
taining for environmental reasons contacts
with the same industry-related carcinogens.
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Physicochomical State of Atmosphorie Careino-
gens and  Topographical Distribution of
Cancers in the Respivatory Tract

In agreement with observations made as to

reasons for the topographieal disteibuation of

environmental cancers in other duet systems
(urogenous and alimentary canal), respiratory

cancers of environmental ovigin are preferably
occupying sites where (a) the flow of the inhaled
polluted air is interfered with, that i in the
normal narrows of the respirntory traet, suech
as the region of the nasal turbinates and the
larynx or its bronchial bifurcations, ov (b) where
the respiratory tract forms dead end saceula-
tions, such as the paranasal sinuses and the
peripheral bronchiolar regions of the lung, in
which inhaled careinogenie matter may aceu-
The traflie
pattern of air pollutants in the respiratory tract
thus corresponds ta the distribution pattern of
respiratory

mulate, condense, and precipitate.

cancers clicited by atmospheric
Arcinogens.,

The second prineipal factor which determines
the localization of an environmental cancer
within the different sections of the respiratory
tract is represented by the physicochemical
status of a particular carcinogen, since this con-
dition largely influences the site or sites of chief
Car-
cinogenic dusts consisting mainly of coarse
particles are mainly arrested in the nares, where
they cause cancers of the turbinates.  The
nasal cancers observed among  copper-nickel
matte refinery workers inhaling the coarse dust
of the roasters illustrate this interrelation.

exposure (0 an atimospheric ecarcinogen.

The exeessive incidence of larynx cancer
amony mule spinners inhaling  careinogenic

shale oil sprayed from the revolving spindles
likewise provides another example of this mech-
anism beeause it is likely that the relatively
large droplets of this oil are arrested i the upper
portions of the respiratory tract, making the
narrows of the larynx the part of main exposure.

Dusts or mists composed of particles having
a diameter below 4 microus, on the other hand,
penetrate into the deeper parts of the respira-
tory system and therefore are mainly responsible
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The bronchi gl
ancers found among chromate ma,nuf: .
turers, asbestos workers, and coke oven ang p
relort workers are representative of this type
CXPOSUTe.
and

for the cancers of the bronehi,
genie «

Atmospherie pollutants of ga,seo
apor types not only penetrate into (3
lungs but also into the nasal sinuses, where t,h'

may be deposited by degradation into solidg
(radioactive gases), by decomposition into soljgg v
(nickel earbonyl), or by condensation and poly
merization into liquids or solids (aliphatic epoy il

ides contained in crude isopropanol liquor),

1.
physicochemical status of atmospheric carcipgd

genie pollutants and the localization of cancen$
within the various parts of the respiratory f/l‘&ch
consideration also must be given to the fact thyeH
gascous and liquid carcinogens may become ad. 3
sorbed to the surface of carcinogenically inen
solid dust particles and behave under such cop. @
ditions more like solid particles. Such com. ~
binations, for instance, occur in relation to the !
exposure to radioactive gases adsorbed to rockigl.
clust in uranium mines as well as concerning thg :
inhalation of liquid or solid aliphatic and poly.
eyelic carcinogenic hydrocarbons adsorbed
the surface 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 facton
and the development of cancers of the lung wn‘
recorded in 1879, when Hirting and Hesse @ 1
established the cancerous nature of the Iung
diseases prevalent among the radioactive-ore

In assessing the relationship between (heal .

R

miners in Schnecberg, Saxony. This discovery, 1
of historical importance and great present sig-3&. =
nificance, attracted little attention at the timeg o
because radioactivity was still an unknown fack;E
and cancers of the lung were comparatively mm b
before the turn of the century and therefore of 8
little medical interest. ' n
It was not until the third and fourth decadcs SNt
of this century that additional, well-deﬁned C e
occupational activities and cnvironmental F ¢
agents were again related to the causation of Bt
cancer of the lung and other parts of the respira s
tory tract, that is, the nasal cavity, paranassl b

Environmental Causes of Cancer of the Lung



uses, and luynx. \mong these additions to
e list of environmental respiratory cancers
 gere the lung caneers among chromate manu-
A::"Igclﬂlll’(‘l's (1935). of asbestos workers (1035), of
geenic workers (1930), and of coke oven opera-
. ors (1936), the cancers of the nasal cavity, para-

- gsal sinuses, and lung among copper-nickel
nelter workers (1932), the carcinomas of the
msdl sinuses  among Juminous-dial paintoers
1931), the eancers of the nasal sinuses, larynx,
“and lung among isopropanol manufacturers
© (1946). and cancers of the larynx and lung
’_?.mong workers  exposed  to  lubricating  oil
“",pmys or mists (1936, 1949),

Specilic Carcinogens

Inorganic Chemicals

NICKEIL

Vickel, one of the most industrially important
~metals and principally mined in the Sudbury
gutrict of Ontario, Canada, has many uses:
:jioys (iron, copper, chromium, aluminum,
Spehalt); molybdenum (employed in the manu-
Foguture of stainless steel, heat resisting steels,
fegings, casts, wires, sheets, structural shapes,
tabing, rods, bars, strips, and so on); electro-
ating; catalysts; ceramic enamels and colors;
wments in paints and inks; storage batteries,
50 on.

Exposure to nickel fumes and nickel dust of
fmetallic nickel and its compounds or to nickel
sbonyl vapors is, therefore, frequent for indus-

#eq responsible for an appreciable number of
e and often fatal poisonings. The pul-
mry manifestations (congestion, desquama-
R of alveolar epithelium, fibrinous acellular
Mation into alveolar spaces, bronchial mu-
Wl hemorrhages) are apparently attributable
‘,‘ﬂlo toxic action of finely dispersed nickel
®ed from the disintegration of nickel cur-
M upon (he pulmonary structures. Kraflt

Health Monograph No. 36, 1955

suggested that these reactions are the result of
a nickel allergy having the lung as its shock
organ,

The first report concerning the occurrence of
an excessive number of cancers ol the nasal
passages (nasal cavity and paranasal sinuses)
and of the lungs among workers of the Clydach
plant of the International Nickel Company,
located at South Wales, England, was made
by Grenfell in 1932, although the first appear-
ance of these neoplasms among the nickel
refinery workers was noticed in 1924 (Buader).
Subsequent reports dealing with these cancers
were made by Stephens; Amor; Cooper (I8, 1)
Carozzi; Bridge; and Merewether.  From 1923
to 1948 inclusive, there were reported to the
Chief Inspector of Factories a total of 47 cases
of cancer of the nose and 82 cases of cancer of
the lung from the nickel works. By the end of
1948, 46 of the workers with nasal cancer and 72
of those with lung cancer had died. None of
the patients with nasal cancer and only 2 of the
patients with fung cancer had commenced worl
in the nickel refinery after 1924, when a recoun-
struction of the plant had been carried out.
The average exposure period for the nasal can-
cer patients was 23 vears (range, 3-26 vears),
and for the lung cancer patients, 25 vears (range,
1-33 vears). No cascs of cancer of the larynx
have oceurved, and only 1 cancer of the naso-
pharynx was observed at Clydach.

The nasal cancers involved the turbinates,
nasal septum, and paranasal sinuses (eth-
moids).  Of these, the majority were of the
undifferentiated cell type (6), some showed a
squanous cell character (3), while columnar
cell carcinomas were uncommon (1). Of the
lung cancers, of which histological studies were
available in ouly 4 cases, 3 were of the small
cell, pleomorphic type, while 1 was a squamous
cell carcinoma.

Similar ohservations were recently recorded
from a Norwegian nickel refinery, where 3 cases
of lung cancer were scen (Lgken).  In one of
these cases a squamous cell carcinoma was
associated with sarcoid lesions.

Goldblatt and Wagstafl mentioned that so
far cancers of the respiratory (ract have not
been noted among the workers employed at
the German nickel refinery at Ludwigshafen,
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nor has there been reported an unusual fre-
queney of respiratory eancers among the work-
ors of the Sudbury nickel ore mines and smelters
in Canada, although several eases of nasal sinus
cancers were recently seen in one Canadian
nickel plant.

Amor pointed out that the majority of indi-
viduals employed at Clvdach 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 (Lgken),  More recent data communi-
cated by Morgan confirmed this observation,
although exposure to nickel carbonyl vapors
had occurred more frequently among the al-
fected workers than was apparent [rom the
data previously given by Amor. The rela-
tively high incidence of eancer of the nasal
cavity indeed suggests that & rather coarse par-
ticulate dust readily arrested at the region of
the turbinates may have been active 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 ecausalive ageut, various theories
have been advanced.  Amor favored the con-
cept that the inhalation from arsenic-containing
sulfuric acid used in the refining process was
the active carcinogenic 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
cancers, which alinost always have accompanied
the occurrence of lung eancer among workers
exposed to arsenical dusts or fumes (I{ueper).

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

Workers employed at the roasters, in the
nickel carbonyl operation, and in other parts
of the plant, on the other hand, beecome exposed
to the inhalation of dust, fumes, or vapors con-
taining nickel. Nickel is the common denomi-
nator for all of them. It thus is most probable
that the respiratory carcinomas observed among
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ntekel refinery workers are reaction products}
more or less finely dispersed nickel particleg
vapors, There is no evidence available, ho
ever, which indicates that the mhn.latxou
nickel in particulate or vaporized form is 8
companicd by pulmonary changes of a pneu
coniotic nature. K
The concept of a nickel etiology of respira (f
cancers was tested in animals by Campbell, %]
exposed mice to the inhalation of powdes
nickel matte and observed that these animg
had a lung tumor incidence significantly higly
than that of the unexposed control mice, 5
recent experiments of Hueper seem to dem
strate more conclusively the carcinogenic prof
erties of metallic nickel. When pure me .F
nickel powder was implanted into the femo
and pleural cavities and subcutancous tlssue :
175 rats, cancers developed at the site of i m]
tion in 50 of them
Whether or not nickel assumes a carcmoge
role for cancers of other organs and follow
exposures by other routes is uncertain, Itg
be mentioned, however, that Araki and M
demonstrated, by spectrographic methody
nickel in human and animal caneers of van '
types and sites. The nickel content ranged
6.273 mg. per kilogram of fresh tumor txssue
0.2 mg./ke.
No assessment of the degree of occupatio
nickel cancer hazard can be made from thed
available since the number of workers at i
unknown, Likewise, no definite opinion
be expressed as to the possible existence 8
extent ol respiratory cancer hazards for pers
having for other reasons contact with dutiel
fumes and vapors containing nickel or its conich
pounds. )
CHROMIUM

Chromium as a metal, alloy, or compound i
used for many purposes in industry. Itis

-

this reason that a large number and variety | ¢
workers have contact with chromium and ch i
mium compoundsand that even restricted grou ‘_'
of the general population may possibly - b
come exposed to these agents in the form of dus

vapor, {fumes, mist, liquids, and solids (Bo «
and Rushin). Workers most likely to be ®
posed to chromium and its compounds :‘!

acetylene workers, aniline workers, bleachef

Environmental Causes of Cancer of the
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plueprinters, chrome workers, chromium platers,
chromate manuf{acturers, chromite miners, eray-
on makers, dye workers, clectroplaters, enamel

| orkers, glass and pottery frosters. glass color-

o pottery glazers, artificial flower makers,
pattery makers, linoleum workers, paint mak-
o, ink makers, painters, photographic work-

o, photoengravers, polishers, printers, rubber

workers. steel workers, tannery workers, vul-
qanizers, waterproofers of textiles and paper,
solders, users of chromale antirust agents in
ilroad engines, automohiles, steam heat in-
aallations, and bitumen and oil refinery workers,

An environmenlal almospherie contamina-

pen with chromium compounds may result

fom the release of chromium-containing indus-
yial wastes of chromate plants and of oil
wlineries using a chromium-containing siliea
talyst for the eatalytie cracking of oils. An
pavironmental spread of chromates may also
tllow the use of such compounds as antirusting
wents in antomob”™ - end for anticorrosive
ating of airplanes.  Since many of the
mdustrially used chromium compounds exert
s corrosive action on Ussues, skin contact
ind/or inhalation of such agents results in the
development of chrome uleers of the skin and
nasal septum which in turn provide definite
woofl of an existing health hazard.  Com-
menting on the appearance of such manifesta-
tons among workers in new industries using
rhromium compounds, the Chief Tnspeetor of
Factories of England and Wales remarked in
his report of 1944 that “the control of old
tazards in new industries is of interest to others
wwell as to the student of industrial health,
for it would seem that in many cases the hazard
ot recognized until damage to tissue has

- been done, when old principles have to be

rlearnt and adapted to new uses.”
This reflective observation seems to be quite

- #ppropriate when contemplating the possible

mstence of respiratory cancer hazards for
sdividuals employed in the numerous indus-
trul operations for which no pertinent pub-
bind data of any kind exist at the present time.
The observation of apparently oceupation-
mnnected cancers of the respiratory organs,

- tpecially the lung, has been limited so far

Y lue . . .
:;two types of operations, the produetion of
womates from chromite ore and the manu-
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facture of certain chromium pigments (zine
chromate, barium ehiromate, lead chromate).
In these operations, both water-soluble and
insoluble clromium compounds are inhaled by
the exposed workers. The chemical nature of
the actual earcinogenic agent which is respon-
sible for the excessive liability of chromate and
chrominm ecolor workers to cancer 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 suspeeted are hexavalent or
trivalent, water soluble or insoluble, mono-
chromates or dichromates.  Water soluble
chromium  compounds  (monochromates, di-
chromates, and zine chromate) are most often
imeriminated.

Mancuso and Iueper recently pointed out
that it mayv be more likely that carcinogenic
effects are elicited by ehromium compounds
which are ecither not soluble in water or are
only slightly so, because such chemicals, when
imhaled as dust, would be retained and deposited
in the lung and thus exert a prolonged effect
upon the pulmonary tissues. Such chromium
compounds present in a chromate plant would
he represented by chromite ore and its ecarly
conversion products preceding the formation
of monochromates. These little water-soluble
trivalent chromium compounds occur in the
material present in mixers and roasters and
are contained in the slag which usually is stored
for future use in the vard area of the plants,

Supporting this concept as to the chemical
nature of the carcinogenic chromium compounds
is the fact that workers as well as animals ex-
posed to the inhalation of chromite ore dust
hiave not only a high chromium content of the
lungs but also an excessive blood chromium
level (Mancuso and Urone). Recent experi-
ments on rauts 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 cc. of blood was found in 2
rats studied. This finding, moreover, definitely
establishes the fact 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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cevcavwad support oL & causal role of triva-
lent compounds may be derived from the ob-
servation that 10 of the 20 chromate workers
with lung caneer reported on by Alwens and
Jonas in 1938 were not emploved within the
manufacturing buildings or

were repair men
or maintenance workers (blacksmith, glazier,
driver, welder, or manufacturer of sulfuric and

hydroehlorie acid, produced in o 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 Leaps containing more or less
“insoluble” chromium compounds was much
more pronounced (Maneuso; Urone and Anders:
Bourne and Yee; Buekell 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 pneumonconiotic
vondition called chromitosis was described by
Andrievskaya and Mislavskaya in chromite ore
miners, and by Lukanin; Letterer, Neidhardt,
and Klett; and Maneuso and Hueper in chro-
mate manufacturers. It was produced experi-
mentally in rabbits by Lukanin.  Letterer re-
ported a chrome silicosis in o polisher in an
iron foundry who inhaled silica and ehromium
oxide dust,

While the attempts of Gross and Koelsch
and of Campbell to produce lung cancer in
mice by exposing them to chromate dust were
unsuceessful, Schinz and Vollmann, who im-
planted powdered chromium metal into the
femoral cavity of rabbits observed after more
than 3 vears, | animal with cancer of the lung,
and 1 with cancer of the femur.

Table 22.

Type of worker

21-30

. i
American chromate__ _ . __ .. ____ . __..___._. ' Q
German chromate. ... ... .. ___.... 1

German chrome pigment______ . ___ __._. ;
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\gc distribution of cases of chromium cancers of the |ung, ac uprdmg to lype of worker

It is definitely surprising that an exces
liability to lung cancer has been establisheqd:
far only for chromate workers in Germgyg
(Pleil; Alwens and Jonas; Teleky; Carog,
Gross and Koelseh; Alwens, Bauke and Jonsg
Lehmann: Martineck; Gross; Koelsch; Alwagd
and associates; Goldblatt and Wagstaf) gu4i
in the United States (Machle and Gregoriu;
Gregorius;  Baetjer; MHueper; Mancuso gy
Hueper: Imprescia; Division of Occupsmo
Health, 7. S, Public Health Service) and g
chrome pigment workers in Germany (Baadegg
Gross and Koelsch; Letterer, Neidhardt gpg
Klett). Bidstrup found a single case of |
cancer upon X-ray examination of the cheg

of 32U chromate manufacturers employ lu.
for more llnm 10 years m E nglmh plamt% whil ob

1nn,l,u—prmlu«'ing or -('onsuming phmts in othey

2

countries, such as Switzerland, Ttaly, apd :ﬂ
France. ; ulke
Apart from the excessive frequency of lung ’
cancers among chromate workers which, ar
cording to American observations, ranges {rg lwi
13 to 31 times the normal frcquency of lun; * fac
cancers among the general male populatmn al U
occupational origin of these cancers is strong or
suggested by the shift of the age distributie pre
toward yvounger age groups. This is particulad of

striking for the lung cancers present ambt_ig
German chrome pigment workers, since 50 per.
cent of the eancers affected individuals befo
the age of 40 years, when lung cancers of uge

known etiology are relatively infrequent (labh ::;
09 nic
T . in

I'he quantitative data on the chromium cons; ext
tent of various organs and blood of persons w

chromium lung eancer have been reported b
several investigators (Alwens and Jonas; Lets§

Age (years)

! | | -
31-40 ’ 41-50 i 51-60 | 61-70 | 71-80
‘—-————l ———————————— —— & an
s 16 19 10 } X
3 7 14 12 “
51 3 1 T D Ei
R - or
Environmental Causes of Cancer of the h\“{ Pul
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o Niedhardt and  Klett: Mancuso and
Eper). Spannagel recently noted a peealiar
havior of the chronum eontent of the blood
. urine in chromute workers before and after
hevdevelopmvnl of lung eancer. T was found
pat in chromate workers the normal urinary
eretiont of chromium eenses with the develop-
5(‘115 of fung cancer while sunultancously the
chromivm level becomes clovated., 11
tonﬁ'rmcd, this observation may have distinet
mportance i enusal, metabolic, and diagnostie

respects. o

Wwith the exeeption of 2 cases -~ caneer of
e nares (Newman) and | cancer of the
masillary sinus (Goldblatt and Wagstall) - the
png was the exrlusive site of respiratory caneers
beerved among chromate workers.  The total
wamber of these cancers s at present around
125 cases {rom all sources. None has been
pported 83 originating {rom nasal septum
eers.

Chromium pueumoconiosis  thus seems to
yecompany the development of cancer of the
kng in chromate and chrome prgment manu-
facturers. [t is uncertain, however, whether
the pnvmnonoconioti(' process plavs an essential
modifving role in the specifie cancerization
ess or whether it is merely a phenomenon
{ coincidental coexistence,

ARSENI¢

" Srenicals represent a byproduet or waste
;ﬂpmduct of the smelting of many ores (copper,
fine, silver, cobalt, antimouy, iron, bhismuth,
wickel, lin, and lead). Arsenicals are present
‘i the smelter fumes and slag heaps. They are
miensively produced and used, especially dur-
" g pust decades, as insecticides, fungicides, and
“oyemicides (sheep and cattle dip, grasshopper
< bait, rat poison), as well as u herbicide, especial-
t for clearing railroad rights-of-way. Arsenicals
we applied as sprays to orchards and vinevards
-30d are dusted from airplanes upon cotton,
s-gotn, sovbean, and potato fields. They are em-
Cfayed ns wood preservalives, in the manu-
afuture of glass, lead-base allovs, dvestulls.
bonzing and paint pigments, and medicinal
»8ad cosmetic preparations (Mote).,  Arsenic
aad its compounds constitute, according to
“Environment and Health,” a health hazard
wJor 35,251 workers employed in American in-

:"ruuic Health Monograph No. 36, 1955

dustries, “ .
estimade of the number of exposed workers,
considertng the long, afthough incomplete, list
of different oceupations enlatling rontact with

D Gy o«

arsenieals given by Chamberlain, The estimate,
moreover, does ot include the rather consider-
able number of persons who are exposed to
avsenieds for purely environmental reasons by
ingesting arsentenls with foodstulls  contami-
nated with arsenteal insecticide residues, by
eonsuming drinking water polltted with arsen-
ieals leached into drinking water supplies {rom
mine and simelter damps, or by inhaling arsen-
teuls info 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 nonoceupational  contacts
with arsenicals have been responsible in recent
deeades for the mujority of cases of ehronie
avsenielsin and  cutancous  arsenical  cancers
(Neubauer: Hueper: Arguello, Tello, Macola
and Manzano: Butzengelger: Baader: Nieberle;
Hofmann; Prell; Holmquist: Montgomery and
Waisman:; Cannon: Arhelger and  Kremen;
Straube; Bohnenkamp; Hanser and Simon:
Gonaet; and many others).

While the enusal role which arsenie plays in
the production of eancers of the skin on the
hasis of chironie arsenteisnt of occupational,
medicinal, or environmental origin has long
sinee been firmly established, it is rather recently
that exposure (o arsenicals has seriously been
considered as a principal eausal agent of canecers
of the mucous membranes, such as those of the
bronehi, stomach, and bladder.  Indeed, today
there exists as vet only highly suggestive but
not coneclusive evidence linking cancer of the
Jung with an occupational exposure to arsenical
dust.  However, in almost all cases of lung
eancer for which such claims were made, there
existed stigmata of chronie arsentcism in the
form of arsenic dermatosis with or without skin
cancers.  The inhalation of arseucial dust and
fumes induces rather frequently the develop-
ment of perforated nasal septa as well as chronice
irritative conditions of the bronehi, thereby
ereating o symptlonutic esncerigenic pattern
stmilar to that seen in chromate workers.
Under such civcumstances, the existence of a
catsal relationship hetween cancer of the lung

released
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and chronie arsenicisne appears (o be o reason-
~able conclusion. Chest and N-ray examina-
tions of 40 workers emploved in an arsenic
smelter revealed o mild degree of pneamoconi-
0sis (Saupe),

Although Saupe himself did not. discover any
evidenee of lung cancer among the workers
studied-—even though they often were alllicted
by hyperkeratoses of the skin and perforated
nasal septa—he cited the autopsy observations
previously made by Schmorl on 2 arsenie
smelter workers who died {rom cancer of the
hung  (Teleky).  Frommel Dbriefly  mentioned
the accurrence of a eancer of the lung in a
taxidermist who used an arsenical powder fov
dusting the pelts of animals.  Four additional
ases of lung eancer in sheep dip workers with
arsenie dermatosis noted in one of these were
reported by Merewether, while IHopkins and
Van Studdiford observed in a farmer living
near o cotton field sprayed with insecticides,
arsenical dermatosis, epitheliomas and cancer
al the lung,  The occurrence of 5 cases of lung
canecer (Merewether; Hopkins and Van Studdi-
ford) among only 24 individuals suffering from
occupational arsenical dermatosis and epitheli-
omas caused Neubauer to wonder whether this
is mere coincudence, beeause only 2 cases of
lung cancer were observed among 143 cases of
medicinal arsenic cancers of the skin (Russell
and Klaber), or whether under occupational
conditions the irritation of the respiratory
tract by arsenical dust was respousible for
the phenomenon.

Henry, commenting on the oceurrence of skin
cancers amoug sheep dip workers (1910-23),
recorded 2 additional cases of lung cancers
among 10 such workers who had cutancous
caneers. e mentioned, moreover, the pres-
enece of cancers of the left foot, abdominal
wall, and lung in a furnaceman in a sodium
arsenite factory. Analyzing the mortality ex-
perience of a sheep dip factory, Hill and Fan-
ing found that 7, or 31.8 percent, of the 22
ancers causing death among members of this
group were located in the respiratory organs,
while 3, or 13.6 percent, weve situated in the

skin.  There were during the period 1910-43
a total of 75 deaths from all causes among
workers in this factory. The proportional
excess of cancer deaths was mainly attributable

28

lung and skin, which were confined to WorkendE
in the chemical processes and were gho il
among members of the general group who wou &
be unlikely to be exposed to any specific hazag B

4
Perry, Bowler, Buckell, Dructt, and Seljj. 3
coneluded from the clinical evidence Obtailld_v 2
that, after many years of exposure to arseni y _
these sheep dip workers may developasqugmo"-i L
eell carcinoma in the bronchus. R g;f;

The most recent addition to epidemi()]()gic‘i | Cascr
investigations on arsenie cancer was made w
Snegivell and Lombard in studies of cane;
deaths among employces of several metallyry, § :
cal plants of unidentified type. Of the o 109
of 109 deaths [rom all causes recorded duripe &

ore 8t
the last 25 years, 12 were duce to cancer of a
sites, and of these, 6 were located in the lung,.. ‘.f' dioul
The investigators concluded from this evideney-§ cistt
that “there are indications that biologicaliy § ;;istol

the human race made the adjustment Wi

. ) L srsen
arseuic in the environment and that opy 4" such
rarcly, when associated with other contribuiin‘g.- s
endogenous factors such as systemie dism,ﬂ:_ by ©
or possibly factors such as radiation, it may § sinus:
be eapable of upsetting the biological equilib- § smok
rium”; and further “that the handling dR it is
arsenic trioxide in the industry studied doei dust,
not produce o significant change in the cance § prods
mortality of the plant employees; henee othe g of 1he
fuctors in addition to arsenic must be cop- K
sidered significant in the causal relationship; .
to cancer.” *  Th
In view of the fact that 50 percent of al; - Lypes
cancer deaths among employees of one plant suv £ frequ

veyed were caused by cancer of the lung, the ¥ dust

observations made in fact strongly suggest s & and ¢
careinogenic action of inhaled arsenic trioxide §  prind.
upon the tissues of the lung of the exposed §  worke

workers.  This interpretation of the data ol §  Th.
Snegivefl and Lombard is supported by the pulme
high incidence of lung cancers among the ¥ respe
population of several counties in Montant £  pnewr
where copper smelters and mines were opersted ‘§: and

for many years, creating an occupationsl and & ible.

environmental pollution of the atmosphere 8od-§  does
soil with arsenicals. Prolonged inhalation of E  mark.

arsenical dust and fumes appears to produee §  dust
an inereased liability to cancer of the lung 3 sidero
(table 23). ¥ Th
However, the existence of such connectiost §  the lu
Environmental Causes of Cancer of the Lung Public
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Table 23.  Lung cancer mortality in several Montana counties, 1947=8 (Lull and Wallach)?

i T +
i ‘ i

“ Annual Iung

Pereent lung
i SLLCOTS : 1y cancer death
County and total I Lo . : Total | caneer rate/100,000
0 Iation 1040 Major industey “Total | cancer ! I e
poptt ‘ e ©deaths | E | ‘; )
ale fC- : ' ale ‘e- falon YO-
Male male ; : Male | male Male | male
T SO S SN SN S S UUE SN S
- o= o - L 1 ; . : .
peer Lodge, 13,()2_‘ ..... (‘uppur sn.w!(,mg R 21 ) | 21 98 + 30.8 ¢ 0.0 {145, 7 | 0.0
- gver Bow, 53,207 ... (_‘vom»cr mining 3. 27 2 29 250 12260 L5 4861 3.9
- Cascade, 41,499 ... .. .- Copper mining, smelting {20 5.0 25 290§ 12.7 0 3.5 1 46,3, 12.3
 Gallatin, 18,269 ... Agricuiture. .. ... __.__ 1 0 1, st 30, .0 5.2 0
I

| i | |

— . T

i Personal communication of unpublished data.

per 100,000 population.

Cgould be acknowledged only  when there
" sted at some time clinical and, il possible,
“pstological and biochemical evidence of chronic
’ gsenicism.  In view of the absence of any
mch evidence associated with chronic arseni-
csm among the nickel refinery workers allected
b cancers of the nasal cavity, paranasal
”uges, and lung, and among excessive tobacco
- gnokers with cancer of the larynx and lung,
£ 4 is most unlikely that exposure to arsenie
 gmt, fumes, and vapors plays any role in the
_f?;imduction of respiratory canecers i members
- o these population groups.

H

IRON

o The extensive production and use of various
“types of iron and of diverse iron products offers
jequent opportunitics for the inhalation of
#ast and fumes of iron and its various alloys

&d compounds by iron ore miners, are welders,
“gnders, polishers, silver finishers, and metal
workers.
The resulting red or black siderosis caused by
pedmonary retention of Fe,0; or of FeyO,11,0.
pectively, is considered an inert form of
- paeumoconiosis which does not cause disability
#d which at least in part seems to be revers-
; The deposition of iron oxide particles
295 not. elicit in the lungs a progressive and
Warked fibrosing reaction unless the inhaled
8t also contains silica, producing then a
Werosilicosis.,

coexistence of siderosis and cancer of

lung has occasionally been observed (Stew-

b

Health Monograph No. 36, 1955

: The estimated erade death rate for lung cancer among white males in the entire United States in 1947 was

3 The workers employed in copper ore mining and smelting inhale dust and fumes of arsenic contained in the
e and released as 4 byproduet and waste produet during the smelting process,

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

The most recent contribution to the problem
of siderotic eancer of the lung was furnished by
Faulds, who noted that among 192 iron ore
miners coming to neeropsy 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 cancer.

The uncertainty existing in this respect is
further illustrated by statistical data provided
by JJ. W. Brower, Deputy State Registrar,
Minnesota Departinent of Health, on the num-
ber of deathis from lung cancer 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 cancer death rate for iron ore miners for
the 5-vear period than that noted for Minne-
sota residents (table 24).

Experimental studies on animals exposed to
iron oxide and hematite, respectively, gave con-
tradictory results as to the production of lung
tumors. While Vorwald and Karr, using guinea
pigs and rats, failed to obtain lung cancers witn
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Table 2¢. Deuaths due to cancer of the lung among
iron ore miners and residents of Minnesota,

(BBrower) 1950-54

Nuther of deaths Death rate per

| 100,000
Year | "_A_M_*w‘"!ﬁ“h i b"\__ﬂh.——

! Minne- i‘\tl"t‘ll‘::l'lls’! Minne- htl't,]l:z‘l_llm-

i sota resi- l County | sota resi-| (‘()ln‘ni\'

; dents i miners | dents l miners
___________ R T
1950, . i 51 1.0} 37. 6
1951 4] 9.7 | 30.0
1952 | 12 1.0 90. 1
1953 .. .. S 2.3 60. 1
1954, 6! 1.6 i 60. 1

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

When the available evidence is viewed criti-
cally, it is still uncertain whether an exposure
to iron dust conveys an abnormal liability to
lung cancer.  Although Warren and Diake
recently coneluded 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 necessarily he applicable
to pulmonary siderosis and cancer.

However, thorough and comprehensive epi-
demiological data on the incidence” of lung
cancer in workers exposed to iron dust are not
available. Hence, a definite conclusion on this
problem must be withheld. The availability of
conclusive information on this point appears to
be urgent, in view of the suggestive evidence
recorded by Faulds and hecause of the fact that
damages have been allowed in the past by court
action in at least one case of cancer of the lung,
in the production or aggravation of which the
inhalation of steel dust was alleged to have
playved a significant rvole.

BERYLLIUM

Beryllium is a metal which has found signifi-
cant industrial use only since about 1920. It
was not until about 1940 that beryllium and its
compounds were cxtensively cmployed for
numerous purposes and products (beryllium-
copper, beryllium-aluminum, and beryllium-
nickel alloys, glass, phosphors in fluorescent

30

lamps and neon tubes, atomic energy Prodyeg:
ceramsices, refractories, N-ray tube wing
vitreous enamel, radio tubes, textile fibers

mantles). It is evidently for this reason ,"

Aldride
wil t-h:

of

,«—min tis

untoward effeets in persons exposed to the ; N‘;“:;fx '113
halation of dusts and fumes of berylliyp, " sm bein
its various compounds have been TeCORizg 3 k"l‘ho me
only during the last decade.  These Manifesy, ands ot
tions were of both acute and chronie Nature g §- fget that -
far as the respiratory organs were concepny E. s of 08
(acute beryllium pneumonitis, chronje e B ! {raveno
moconiotic granulomatosis, berylliosis), Sore ::g powd:

investigators used the term “sarcoid” in do §
seribing the histologically peculiar, pulmongn
manifestations. It is remarkable MOregye
that chronic berylliosis has appeared not onh'
among exposed workers, but also amony Pt'f'-
sons living in the neighborhood of fluorescens
lamp factories and inhaling their beryllium.
containing cffluents (Eisenbud, Berghout and
Steadman; Eisenbud, Wanta, Dustan, Stes. petiod for
man, Harris, and Wolf). Comme

Similar observations on occupational heryl § gatcogenic
liosis were reported from Germany, I(a.lt, - of bervili
England, Russia, and Canada. Not infre § poted the
quently, similar granulomatous lesions hare Tdying wit
been obscrved in other parts of the body afier § able amor
the usually traumatic introduction of berylliux § following
dust, especially of beryllium phosphors fron F

jum il
uvllll)' c
_and othe
 axide, be
- niroduce
. peapiratol
. sissons; B
F {argent,

. VeArs, co
broken fluorescent tubes. The skin of the F beeu exp:
fingers and hands was the most frequens §: pounds
extrapulmonary location of these reactions. § througho
Beryllium granulomas have also been found in fact that

the nose and in the anterior ocular structure. § beeu repc
[t is noteworthy that beryllium apparenty § of poorly
once inhaled is retained over a long period of § eventuate
time in the human body, since beryllium has § sumably,
been deteeted in the urine up to 10 years sftee § would be
cessation of exposure (Klemperer, Martin, and § rabbits,
Van Riper) and has been demonstrated in the § over & pe
lungs of rats 1 year after the inhalation of §- whether
beryllium oxide (Dutra, Largent, Cholsk § berylliun
Hubbard and Roth) as well as in their bones Barna:
(Stokinger, Steadman and Root; Bames), § coma frc
where it may replace calcium. The skeleton § possibly
retains the bulk of the beryllium in the body _ {ar, ouly
(50-80 percent) if the inhaled aerosols ar § opment
soluble compounds, such as beryllium sulfste § u.lmin'tst
and beryllium fluoride; the lungs retain the § directint
bulk of beryllium if the compounds are in- § nto the
soluble, such as beryllium oxide. Experiments £ cavity, a

Environmental Causes of Cancer of the Luss & Public H




;ydnd%, Barnes, and Denz, moreover, have
n that beryllium ions react rapidly with
tsin tissue proteins and form complexes with
s proteins  when introduced into  the
yood. These complexes proteet the bervilium
peing precipitated by phosphate ions,
The metabolic peculinrities of bervilium com-
- nds obtain special importance in view ol the
ft that Gardner in 1946 reported the produe-
g‘of osteogenic sarcomas in rabbits injected
,mwnouslv with insoluble bervllium-contain-
wders (bervllium phosphate, zine beryl-
bﬂ silicate).  Otber investigators  subse-
tly confirmed these results with the same
*‘) other beryllium compounds (beryllium
Esde, bervllium silicate, metallic beryllium)
uced into rabbits by the intravenous or
tory routes (Sissons; Barnes, Denz and
g; Hoagland, Girier and Hood; Nash; Dutra,
Menl and Roth; Barnes). llm preparatory
f wiad for the sarcomas was 11-24 months.
3 Commcnlmg on the successful production of
{ 5 pgenic sarcomas in rabbits after inhalation
i" benlhuxn oxide, Dutra, Largent, and Roth
M the fact also that the bones of persons
g with berylliosis contained not inconsider-
g smounts of beryllium. They came to the
EWdowing conclusions: “During the last 20
i, considerable numbers of persons have
o exposed to dusts of poorly soluble com-
..».. of beryllium in various industries
Woughout the United States. Despite the
4 y gt that cases of cancer of this tvpe have not
z_:' reported, it is possible that the inhalation
porlv soluble compounds of beryvllium may
te in osteogenic sarcoma in man. Pre-
bly, the incubation period of such tumors
be considerably longer in man than in
s, and observations may be required
¥ & period of years before it will be known
Mber persons who have been exposed to
M are prone to have such tumors.”
tuard also suggested that osteogenic sar-
from compounds of beryllium “might
oy be another industrial hazard.” So
k. aly rabbits have responded with the devel-
b of osteogenic sarcomas following the
stration of beryllium compounds. The
wtroduction of powdered beryllium metal
8 the femoral cavity of rats, into the pleural
¥, and into the paranasal sinuses failed to
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elicit a single neoplastic response at the site of
injection in any 1 of the 85 animals used within
an observation period of 2 yvears (Hueper).

When in 1948 Hueper proposed that the
sarcoid pulimonary manifestations of berylliosis
might be followed by outright malignant lesions
in the lungs, this suggestion was received with
a great deal of skepticism. The recently
reported suecessful production of bronchogenie
carcinomas in the lungs of rats which, over
periods of more than 1 year, inhaled dust of
soluble aud iusoluble beryvllium compounds
(Vorwald), however, makes the appearance of
such delayed malignant sequelac in man a
distinet possibility, especially as several cases
with coexisting berylliosis and cancer of the
lung have recently been obscerved (Kablau).
In view of the established occupational as well
as general euvironmental occurrence of human
berylliosis, it may be pointed out that the dis-
covery and identification of this pneumoconio-
sis was definitely facilitated by the distinctive
and definitive histological features of the dis-
case. Il 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 casy.

The studies on the toxicity and carcinogenic-
ity of beryllium compounds indicate that the
toxic and cancerous manifestations are to be
considered as respouses to the action of beryl-
lium itself and not as the result of the associated
anions of its acidic salts (Stokinger, Sprague,
and Hall). Tn considering possible future car-
cinomatous developments in persons with pre-
vious exposure to beryllium, some consideration
also may be given to the toxic effect exerted by
beryllium on the liver leading to the develop-
ment of cirrhosis and to an impairment of the
metabolic and detoxicating function of this
organ (Aldridge, Barnes, and Denz; Hoagland,
Gricer, and Hood).

Organic Chemicals
COMBUSTION AND DISTILLATION PRODUCTS OF COAL
The apparent innocuousness of coal and,
possibly, graphite dust as respiratory carcin-
ogens is not shared by the incomplete combus-
tion, distillation, and hydrogenation products
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of coal (pitch, tur, soot, ereosote oils, anthracene
oils, tar oils, and highly viscous oily and tarey
fractions obtained by the direct hydrogenation
of coal employed by the Bergius process), The
earcinogenie action of these combustion and
distillation produets of eoal on man and experi-
menial animals has been established beyond
any doubt.  Although the bulk of the casuistic
and epidemiological human evidence of oceupa-
{ional coal tar and pitch cancers has come from
England and Germany, it cannot justly be
assumed that American-made coal tars, tar oils,
ereosote oils and pitches differ fundamentally
in their carcinogenic properties from those
manufactured abroad. The exposures sustained
by the numerous types of American workers in
a greal variety of occupations and operations
do not seem to differ from those found for their
European colleagues, nor are the carcinogenice
elfects on the skin of these workers at varvianee
with European observations.

However, in addition to skin eontact with
these products of processed coal, there exists for
some groups of workers a considlerable exposure
to these agents in the form of dust or fumes (tar
distilleries, tar paint, shingle, roofing paper,
paper conduit, and battery case manufacture,
oas works, coke oven operations, road construc-
tion and repair work, roofing, brickmaking,
foundries, furnace attendance, railway engine
driving, roundhouse operations, pickling of
lumber, chimney sweeping, cork brick manu-
facture, clectrolytic 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 carcinogenic to the skin
and/or subcutancous tissue of mice and rats,
respectively, certain types of workers manu-
facturing and using such products and inhaling
fumes or mists of these carcinogenic petroleum
and tar oil substitutes may have a speeial lung
cancer hazard. Manufacturing plants using
the Bergius process have been operative for
some 20 vears in Germany and have recently
been constructed by several industrial concerns
in the United States.

Not only the environmental, but also to a
ereater degree, (be occupational inhalation of
dust, soot, and fumes produced by the incom-
plete combustion of coal results in the develop-

ment of a “soot lung,” ecalled bituminosis,
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which is characterized by the depositigy )

finely dispersed carbon particles contaming,
with hydroearbons normally contained iy
tar i the interstitial lung tissue,

peribronchiial alveoli.

The human evidence relating exposure ¢
coal tar and pitch dust and fumes with g
increased liability to cancer of the lung is yy

extensive and is in part controversial.

The human evidence relating exposure to e
tar dust and fumes with an increased liabiliy
to cancer of the lung is equivocal. Kennaway
and Kennaway stated that “coal tar in (b
atmosphere, whether derived from roads, domes.
tic chimneys, or any other source, does not
cause an exceptionally high incidence of cance
A similar statement was made
by Hugounenq and by Husted and Biiimans
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 §
roads. McLaughlin 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 deaths from all causes. Menz recently
reported that of 93 workers in Swiss gas plants
who dicd during the 1926-46 period, 21, or 224
percent, died from cancer of all sites, thereby
confirming previous English experience that |
workers in tar and pitch operations have s
excessive liability to cancer in general. Is- |
Jated observations of lung cancer in worken
exposed to the inhalation of tar fumes were
made by Koelsch (blacksmith, tar worker),
Rodenacker (briquette factory worker), and §

of the lung.”

Miillschitzky (tar worker).

In an analysis of lung cancer deaths among §
members of different occupational groups for the 3
vears 1933-38 Kennaway and Kennaway, 02 §

Environmental Causes of Cancer of the Law
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) 5 Roey,
genological changes may appear in the Iy,

after many years of exposure to high COngey,
{rations of soot in the air inhaled.  Whij, the
pulmonary deposition of small to modery, §
amounts of soot in the lungs, such as ig com.
monly found in inbabitants of industrialiud
regions, does not clicit any appreciable fibrog,
proliferations, massive storage of 0ot partige,
in the lung tissues may finally be 2850Ciatey
with an increasc of the interstitial CONNectiy,
tissuc and with pscudoglandular formations o

o e g

the other
(100) lup
following
s S(Ok(‘
cratie Ope
pin: pro
asphalt
painters,
and auto:
moreover
among er

Additic
vided by
wotiernor
‘planlvs at
Canada ¢
Kawahat
investiga
CRSes of
workers °
hoet tar fr
lung can
employes
general 1
g('n(‘mmx
employer
occurred
(33 perce
lung car
varied fi
being 16

~ recently

ers. Of

workers,
cancer o
ethumoid

" upper ar.

Itis ki
rates mu

_ Followir

25 skin
had bec
during a
of lung
compau
cancers
cases of

From
the inho
of certa
plants, ;

Public 1




s

he

2

¥

hc other hand, noted that an above-nyvernge
(100) lung cancer frequeney existed for the
Jollowing occupations: gashouse workers, 129;

stokers, 2847 gas producers, 202 «r-nx\\'ml\s
mneopom(or\‘ lm s gasworks supermtendents,
236 printers, 1195 chimney sweeps.  119;
halt workers. 164: metal polishers, 174;

qinters, 129: tanners, 141 street eleaners, 169;
wd automoblie drivers, 149, They recorded,
'ﬂmmoxcr, a ninelold increase of lung ecancer
gmong employees of a Canadian gas plant.
lzi\ddmonal supporting information was pro-
mnled by the observations made among Japanese
'#acmtol‘ ons oven workers unplovod in steel
is and among gashouse retort workers in
Cumdn and England (Kawahata; Kuroda and
{_‘Kmaham Cruickshank: Doll). The J: tp.meso

nr(‘s“gﬂt()fb found, within a 6-vear period,
“awes of lung cancer among generator oven
,wrkcra who were exposed to the inhalation of
)ot tar fumes when stoking coal.  An excessive
hg cancer rate was absent aunongy workers
maploved in other parts of the steel mills. The
._wtal incidence of lung cancer among the
rator gas workers was 5 per 1,000 workers
vmplow(l Seven of these 21 lung cancers
jncurro(l in workers aged 40 vears or younger
: mpmc nt against 18 pereent i eryvptogenetic
kag cancers) (Hueper).  The exposure time
satied from @ years to 23 years, the avernge
-being 16.6 vears. Similar observations were
‘weently niade among Canadian gashouse work-
. QOf 14 cases of cancer among retort house
-wotkers, 6 were duc to cancer of the lung, 1 to
‘mcer of the larynx, and 1 to cancer of the
- whmoid sinuses (57 percent were cancers of the
wper and lower respiratory tract).
It is likely that similar lung cancer incidence
Al may exist among American tar workers.
sllowing a visit to a tar distillery where some
skin cancers and more than 80 piteh warts
<d8d been observed among the 300 workers
- $uring an 8-vear period, there was found 1 case
"_“lungumwr Subsequent inquiries made by
wapany officials brought the number of lung
dancers in this and other tar operations to 6
B8 of cancer of the lung.

From the evidence available, it appears that
e inhalation of tar fumes sustamcd by workers
A‘n‘rlnm operations (coke oven, generalor gas
*’"‘ gas plants, tar distilleries) seem to have

7
v
%
<
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an excessive linhility to cancer of the respivatory
tract, L6 is not unlikely that a more thorough
and competent analysis of the death records of
other workergroups, which have so farbeen found
to lack sueh Lendencies, might extend the typeg
and number of tar and piteh workers having an
abnormally high respiratory cancer rate. A
recent observation of lung cancer in a worker
exposed Lo heated pitch and asphalt points to
another source of occupational pulmonary tar
caneer of definite practical importance (Pateh).

PETROLEUM, SHALE OIL, AND NATURAL GAS

The carcinogenicity of certain high boiling
fractions of petroleum and oil shale, as well as
of the combustion products of some of these
petroleum  derivatives, such as oil shale and
natural gas, have dvhml('l\ been demonstrated
not only on experimental animals but also on
workers developing cancers of the skin after
prolonged contact with these agents. Known
arcinogenic chemieals, morcover, have been
isolated from these petroleum derivatives as
well as their combustion products (Berenblum
and Schoental; Fischer, Priestley, Eby, Wanless
and Rehner; Fall, Steiner, Goldfein, Breslow
and Hykes; Waller; Rehner; Kotin and as-
socintes.)

In addition to skin contact with carcinogenic
petroleum derivatives many workers are also
exposed for occupational reasons to an inhala-
tion of oil mist or fumes (workers in paraflin
pressing operations, certain groups of oil refinery
workers, spinners, metal lathe workers, foundry
workers, metallurgical workers, printers, and
soon). Inspite of this established occupational
respiratory exposurc to petroleurn and shale
oils, there are on record only three cases of oil
pneumonia among such workers, although such
conditions bave rather {requently 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 2 medicinal mineral
oil pneumonia have been (lcscnbed (Wood;
Sante).

The occeupational evidence available or pub-
lished on this aspect of cancer of the lung is
rather scanty and in part controversial. Ken-
naway and Kennaway found a relatively high
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ratio of larvngeal but not of pulmonary eancer
i mulespinners, who inhale a mist of the
carcinogenie shale oil Tubricating the spindles,
Southam noted that mulespinners oceasionally
develop multiple primary cancers involving
the stomach or the lung i addition o cancers
of the skin, Scott, on the other hand. stated
that he had not observed a single ease of tung
cancer among shale oil workers.

Huguenin, Fauvet and Bourdin, who ana-
lvzed a series of 112 lung cancers for possible
ctiological factors, found that 18, or 16 pereent,
were metallurgienl  workers exposed to  the
inhalation of nebulized lubricating and cutting
oils, 8 were chauffeurs, 5 were mechanies, and
I was an engineer.  Huguenin and his associ-
ates concluded that their observations indi-
cated an exeessively high frequency of lung
cancer among workers exposed to vaporized or
nebulized lubricating oil.  While the study of
Gafaler 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 occupational
group to cancer of the lung, this judgment may
have to be revised, at least for certain types of
refinery workers, aceording to more recent and
scerutinizing  observations,  Rosch  observed
three primary cancers (skin, stomach and lung)
in o paraffin worker. Touraine and Bour also
attributed the development of  pulmonary
cancer among certain worker groups to lubri-
cating oil mists. Such exposure conditions
may account also for the excessive lung cancer
mortality among male metal grinders observed
by Turner and Grace.

There is, morcover, some evidenee available

indicating that the inhalation of mists or fogs
of certain processed petroleum oil fractions also
conveys an inercased liability to cancer of the
lung. During a reeent survey on caneer inei-
dence among employees of a large oil refinery,
the surprising observations were made that
there was not only a highly excessive incidence
of scrotal cancer among employees of the paraf-
fin pressing department but that incidence of
cancer of the lung was also excessive.  Paraffin
pressers, who represent about one-tenth of the
total cmployed worker group, [urnished 56
percent of the lung cancer observed.

Since soot as a waste or commercial product
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has been found to be carcinogenic and to copgys
known carcinogenie hydrocarbons, a thorgyy
and competent survey of occupational groy,
particularly exposed to the inhalation of Soof
(operating railroad personnel; stokers; carhy

black manufacturers; rubber, paint, and ink
makers; painters; soot hurners; printers; diosd
engine drivers; carbon electrode manufacturey
and users in aluminum plants; smudge po
operators; phonograph record makers) is gu
urgent necessity.  The negative conclusiong 3
reached by Ingalls as the result of a survey off

the carbon black industry are based on evideney
of dubious merits, because only 79 of the 773
evaluated workers have been employed for 192
vears or more in the industry.  Since the majop
ity of known occupational lung cancers havg
an average latent period of over 10 Years:
Ingalls” conclusions are actually based on 79 %
living and active workers. It stands to reasop
that an analysis of the death records of formegd
carbon black workers may have told a differepp'
story, espeetally if the diagnoses were based op
autopsy findings. Such investigations woud gk
also add to our knowledge as to the existences?

Y

extent, and type of bituminosis which might be
expected to exist in workers inhaling fine , ", ‘,h'
dispersed soot particles. Y - lin
At the present time, (»xposu;;le? to tar, piteh p ":'
asphalt, heavy fuel oils, lubriciting and cutting ;p:

oils, sool from domestic furnaces, incinerators 2
R . . . k3, o ¢
industrial power plants, oil refineries, sted g
plants, metal smelters, carbon black factories; 2’

oil dumps and smudge pots, as well as exposure :
to the effluents of diesel and gasoline engin :
represents the most widespread occupational. s
and environmental contact with carcinogeni” u‘;
material,  The specifie carcinogenic agents co ;:,
tained in these carbonaceous matters are certais lis
specific aromatie hydrocarbons, which not ine by
frequently are attached to carbon particles giy: nc
ing rise, when inhaled, to bituminosis or anthras m
cosis; or Lhey are constituents of oily matt m
which, when inhaled and retained in the lungsg fo
cause oil pneumonia or paraffinoma of the lung-3 ep
Since pure anthracosis is not causally related
to cancer of the lung, the pneumoconioses 8¢; w
companying respiratory carcinogenesis by are re
matic hydrocarbons do not play a primary and; ‘D
essential role in this process, although the oh
pneumoconioses may lower the intensity & vr

Environmental Causes of Cancer of the Lanf
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rolong the duration of the effeet of the specilie
areinogenic chemicals on the lung tissues.

since our civilization and cconomic life has
peen buill arouiul the production and use of the
hasic carbonaceous substances and their deriva-
jives, it does not seem feasible to attain com-
lote protection against  exposure to  these
carcinogenic chemicals with the preventive and
pmphyluct-io engineering and sanitary measures
practical and cconomical at the present time.
There is, however, no doubt that a great deal
pmains to be done i this respeet and that we
gre still rather far removed from having the
maximal amount of possible reduction in expo-
are to the respiratory caneer producing hydro-
arbons contained in the various carbonaceous
whstanees mentioned.

(‘arbon and Silwcon Polymers

Recent studies of English investigators (Hen-
drv, Homer, Rose, and Walpole; Hendry,
Rose, and Walpole; Haddow) have furnished
1 new and intriguing concept as to possible
combinations of carcinogens with tissue proteins
through the postulated formation of cross
linkages between certain types of carcinogenic
chemicals and the macromolecular fibers of
chromosomes.  This hypothesis was evolved
from evidence obtained in the study of carcino-
zenesis by nitrogen-mustards, diepoxides, poly-
ethyleneimines, and related compounds. In
viow of the fact that one of the various means
by whieh these substances may exert their
speeific action in the cells is through polymeri-
mtion, it 1s assumed that polvmerized epoxide
chains might interrcact with proteins  or
mucoproteins of chromosomal origin, by cross
linkage with multipoint attachment, and there-
by cause mitotic aberrations. The initial re-
action of one of the epoxide groups of mono-
meric molecules with the cell component also
may start a process of polymerization by being
followed by a self-condensation of the [ree
epoxide groups into a polyetheneoxy-structure.

These concepts are important in connection
wih respiratory carcinogenesis for several
reasons, Since Oppenheimer and associates;
Druckrey and associates; and Zollinger have
down that a parenteral implantation of
various  polymerized  plastics  (cellophane,
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polvethylene, polyvinyl chloride, polymethyl
methacrylate, polvamide, Tellon, and others)
into rats and miee are followed by the develop-
ment of sarcomas at the site of deposition, there
exists the possibility that the inhalation of
sapors, nists, and dusts of the monomers and
polvmers of these and related chemicals for
oceapational reasons may ereale a respiratory
cancer hazard to man.

The more immediate importance of these
concepts, however, lies in their application to
the production of occupational respiratory can-
cers by a silicon polymer, asbestos, possibly
also by & carbon polymer contained in isopropyl
oil (polypropylene or propyl cpoxide). The
probability of such an action mechanism, more-
over, is supported by observations of lung
cancers among Japanese mustard gas manu-
facturers.

ASBESTOS

Asbestos diflers from the ordinary giant
molecular crystalline silicates not only in its
chemical and physical properties, but also in
the anatomiical aspects of the pucumoconiosis
produced by it.  In contrast to the t{ridimen-
sional polymerized silica erystals in which no
oxvgen atoms are left carrying charges to
altract positive ions, asbestos consists of giant
fibrous molecules composed of polymerized
silico-oxygen tetrahydra which are arranged in
chains or bands (Parkes). Depending on the
origin of asbestos, the fibrils may be short or
long. Italian, South African, and Australian
ashestos (amphibils) consists of fibrillar or ra-
diating ervstals of caleium-magnesium silicate
or sodium iron silicate (40 percent iron oxide).
Canadiun, Russian, German, and French as-
bestos is hydrated magnesium silicate, which
contains small amounts of iron oxide (5.75 per-
cent).  Canada furnishes about 75 percent of
the world production of asbestos. Canadian
ashestos, because of its long fibers, is especially
suitable for textiles.

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

It is asserted that inhaled asbestos dust pro-
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dnbiestosg- mll_\ tothie urhaled hbers are

stffieienthy

fone In b absence of Hibrons

stenetiee, the dust s <aid 1o he neet (Waeers
Vorwald, Duarkan, and Prare Siee e
Loreer fiheile are arvested o 1he
cGardners,

Ill'(tlll‘lll‘tll".\'
the veanulomatons
pevibronchiolar

reactions farm
librons cufls with giant colls
and ashestos bodies. have o fibetlar
core and an ron staining proteinic or collotdal
<theie acid <heath, Whether the tran o the
sheaths orieinates (rom the ashestos {ibers op
= derived  from
<tll controversial.

These

blood or tissie efements s
These two observations de-
=erve speel mention heeanse of the apparent
dependence of eancerous changes in e Tangs
of ashestos workers upon the presenee of awshes-
tosts and ane view of

|)l‘nl(‘in>‘ of the

the possibility that the
lung tissue may <specilieally
iterreaet with free sroups of the filamentan
ashestos moleeules (Druekrey al associates),

The coexistenee of ashestosis with eaneer of
the Tung was livst reported by Lyneh and St
L3S (1 eaxes, They fater recorded 35 addi-
tional vases (Taneh and Smith: Laneh,
lar observations have subzequently heen re-
corded Trom this country i=Stoll. Bass, and
Angrist 1 oease: Holleb and Angerist, 2
and Hombureer, 3 easesy: from Canada (Des-
meules, ated Sivois, 2 eases;
Cartier, Roussean, | easer: from Iing-
fanedd (Gloyne, 17 cases: Huarrison, 3
Merewether, 31 eases: Cureton, 1
1 ocaser, and from Germany  {(Nordmann, 2
Linzbaelh and Wedler. 1 ease:
1 ease: Welz, 2 eases; Bohme, 1 ease;
2 eases;and Baader,

Sinn-

CHNES
Rosseau, Gilroux,
4 enses;
CR|eS
cases Owen,
CRIOS Horning,
Domeniel,
I ense).

Thus, there 1s at present a total of SO eases

ol ashestosis caneer of the lung on record. To
this number must perhaps be added the S éases
of caneer of the lung complicated by ashestosis
which Kennaway and Kennawayv dizecovered in
an analysis of the death certifieates of males
registered  between 1921 and 1938 Eleven
additional cases of ashestosis eancer of the lung

i workers in two English plants were recently

reported by Dol who felt from his statistieal
analysis that there exists a definite eausal rela-
tion between these two conditions (table 23).

Merewether noted that the mean age of males
with asbestosis cancer
vears (range 22-

of the lung was 55.2
72) and that their mean expo-
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stee bime was 2000 vears (eanee 6400, while
meat age of Temale cases was 4.6 vears (ran

ey

32 71 and their mean exposure Gime was
vears (rance 0,5 4N), However, in many cag
there elapsed a long exposire-free interval rag
ing from several months to 20 vears belore tj
(Wedler; Wyers

The ace distribution of ashestosis caneer |
the Tune was:

lung caneer bheeame manifest

Cases
lung
tue (years, canes
2551 C
St . .- ]
[N R 1
o0l : . B S 1
B-7H -
—_—
Total . . - 5

Sinee lung eancer of unknown etiology oceur
rather frequently bhefore the age of 40 and sine
26 pereent of the ashestosis cancers appeare
hefore the age of 44000 seems that there existsy
modernie shift toward younger age groups fo
caneers associnted with asbestosis of the lung

The exposure time for ashestosis lung cancer,
excluding the series of Merewether, was:

Frpogure time (years)

IS N
=10 e . e eememea
11-20

20 and over. .

Total._..

The (‘\[)(r\lll(‘ time of this series covers a wid
range (1-23 vears), indieating that type an
intensity of exposure to ashestos asg well af
perbaps an individual susceptibility to asbesto
sis play an important role in determining th
development of this pucumoconiosis and therebg
the possibility of a secondarv carcinomato
sequela n the Tung.,

There were 37 males and 15 females among
the 52 eases for which information on sex wak
available.  The male:female ratio is th
2.5:1, which represents a marked shift tows
the female -ide when compared with the usust
sex ratio ol 5:1 to 10:1 for lung cancers of
unl\nm\'n (li()l()”’\’ “qunlization of carcinv’

Iho (WO SeXeS, !huq wsulto(l ina lrond toward]
equalization of liability to lung cancer.

[t iz of importance to note that the =”

Environmental Causes of Cancer of the Lung}




© Causes of death among male asbestos workers compared with the mortality experienee of all men

de Rl
in England and Wales (Doll)
Number of deaths Test of signifieance
e e o e ol differenee
Canse of death ] EBxpected on h(-l\\'m-n'ul)svr\’('d
Nwmber Fgeland and and expeeted
hserved (VI A tvadue of P
' Wales rates R .
e T T —_—
T Lo eee . e o 1 08 <20, 000001
espiratory diseases and cardiovascular dizeases—
mentiol] of asbest ()-\'i-\'--' --------- e e 14 - } <0, 001
out mention of asbestosis_____. (1 7.6 -
sms, other than lung cancer._ . _ 1 RAR I ~0
! onses 3 4 LT ~01
o diseases *o_.. .o oL .
AL CBUSCS _ o o« 2 e e e el 3 154! < 0. 000001

acluding 1 case with pulmonary tuberculosis,
geluding pulmonary tuberculosis,

peluding 2 cases (benign stricture of esophagus and septicacmia) in which asbestosis was

ught to have been a contributory cause of death,

[ 128 noncomplicated cases of ashestosis
nly 44.2 years (Merewether).  One may
ide from this observation that some of
individuals apparently died from asbes-
before their lung cancer had a chance to
op (Linzbach and Wedler).
ditional support for a causal relation
en asbestosis and cancer of the lung is
od from the fact that Merewether found,
{g-_1266 cascs of asbestosis observed during
46, 31 cases of coexisting cancer of the
(11.65 percent), while there were 91 cases
ng cancer with an average age of 59.4
among 6,884 cases of silicosis (1.32 per-
‘which came to autopsy. Wedler noted
ssbestosis cancer of the lung occurred in
se8, or 15.2 percent of 92 cases of asbestosis
hich necropsics were performed, whereas
sormal rate of lung cancer in autopsy
ﬁd was cstimated to be 2-6 percent.
ats, Vo: -ald, Warren, and Cartier are all
‘skeptical as to the actual existence of
excessive  liability of individuals  with
ﬁgns to lung cancer, and Cureton and
ﬁgcr are undecided on this question.
vestigators, however, favor this con-
or. consider the existence of a causal
$0. as highly probable or established
ﬁwsy; Merewether; Teleky; Nordmann;
p&; Gross; Lecoeur; Smith; Saita; Wegelin;
ch and Wedler; Stoll, Bass, and Angrist;
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In view
of the fact that one of the Norwegian cases of
nickel cancer 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-
ated by a earcinoma,

Attempts have been made to refute the claim
of a causal relation between asbestosis and
lung cancer by determining the frequency of
pulmonary  cancer among the total worker
population of the asbestos industry (Cartier;
Vorwald). Sueh a procedure is bound to give
misleading results. It is quite immaterial how
many workers emploved in the industry develop
lung cancer. sinece an undetermined portion of
these workers doubtlessly sustains either no
exposure or only a low intensity exposure and
thus does not develop asbestosis of the lung,
which is the prerequisite for the subsequent
cancerous development.  Asbestosis must be
considered as the essential stigma of an cffective
exposure. It is, moreover, necessary to know
the sex and age distribution of the worker
population studied and cvaluated 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

served do o not deviate essentially in
relative frequeney from those seen in
unknown ectiologv.  There were 22
carcinomas, 7 oat cell carcinomas, 4
arcinomas, and 6 adenocarcinomas.
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the actual number of lung cancers and ashes-
tosis eases which may resnlt from elleelive
CXPORUTeS, definite
conelusions ean be drawn from the observation

For these reasots, no
of Cartier, noting 8 cases ol lung cancer among
4,000 workers studied for 10 vears, especially
as the frequeney of ashestosis among efleetively
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
45~64 vears,

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

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

ISOPROPYL OIIL

Through the recent discovery of cancers of
the paranasal sinuses, larynx, and lung among
isopropanol manufacturers, the occurrence of
carbonpolymer eancers has probably heen ex-
extended to man.  Isopropyl oil-—the crude
licquid from which isopropyl aleohol is distilled
and which is a shghtly turbid, viscous liquid,
slowly turning, upon standing, into a brownish
to blackish tarry material —contains polypropy-
lene compounds as well as propylene ether,
whieh may be oxidized into propylene peroxide
and propylene cpoxide having a tendeney to
palymerize.  Polvpropyviene, merchandised as
Opponol K, is used commercially as an oil for
cable filling.

Workers employved in isopropanol manufac-
ture have been exposed to the inhalation of
vapors, mist, and dust of isopropyl oil escaping
from leaky pipe connections, defective pumps,
and gaskots, or spilled on the floor at the occur-
rence of breaks in pipelines and during repairs
on pipes, pumps, and stills. Weil, Smyth, and
Nale reported that, between 1928 and 1950, a
total of 7 neoplasms affecting various parts of
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the respiratory tract (nasal sinuses, 4; ] o,

25 and lung 1) eame to observation amop S
employees, or in 84 pereent of those nA‘

worked more than 5 vears in the isopmpnnol
plant. .

Five additional eases  were  observeq nE
another sopropyl aleohol plant, making 4 tota)
of 12 cases, 7 of which involved the ngeyj
sinuses, 4 the larynx, and 1 the lung, It we
caleulated that the incidence rate of cancep of
the nasal sinuses and larynx for the second;
group was 134.5 per 100,000, against a norm,‘,i 4
rate of 6.3, and that the incidence of these cop. g
cers exceeded the expected incidence 21.3 timex g

From the evidence available it is likely tha §
these cancers as well as those associated with §
ashestosis belong to the new class of “polymep
cancers.”’ k

MUSTARD GAS

The alleged carcinogenic action of war gg .
poisoning figured prominently in the speculs. §
tions as to the cause of the inerease in lung‘;
cancers  obscrved during the carly 192§
(Kikuth; Brockbank; Xlotz; Derischanof-§
Hiinermann; Reiche). Residuals of warfu:f;
gassing were noted by Matz in 10 out of 13§
cases of pulmonary cancer among Ameriesy’ .'
World War [ veterans.  Four out of 64 casesof §.
lung cancer, recorded by Brockbank, wew§
gassed badly during this war. Macklin not
that war gas poisoning occurred in 5 percent

of 164 cases of lung cancer among male ¥ -

while it was present in only 2 percent of g
soldiers without this disease. Koelsch con§
ceded that a few cases of lung cancer exhibited §-
a doubtful ctiological relation to war gas injurs, §
which was claimed to have caused also two §
cancers of the larynx (Spamer; Tillev). N}
distinction was made at that time as to the f
particular chemical nature of the various gass
used during World War 1. .

These contentions found little acceptance st
that time. From a carcinogenic viewpoint
special interest has to be attached to the various §
arsenic-containing gases, especially TLewisite ‘
and to mustard gas (dichlorethyl sulfide). Tbe§
arscnice w9r gases, when inhaled, theoretically §
may not only eause nonspecific chemical damage §;
to the respiratory tissues but also may product ¥
there a specific delayed carcinogenic reactios, ¥
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gs that scen exceptionally alter skin bhurns
.,.;hh these gases. Cancers of such an origin
‘pelong to the group of arsenic eancers,
+.p possible careinogenic action of mustard
s upon the bronchial mucosa, on the other
gand, may be l:(‘lnl(‘d to its cross-linking and
{ t“ﬁomimctic effect, and may be wdentieal with
bt demonstrated (o exist for experimental
ioemals exposed to several sulfur- and nitro-
“pustards of aliphatic and aromatic nature.
*peeording to the. mcn(ioncd‘ theoretical con-
“eepts, the causative mechanism operative in
\hese cancers resembles in some respeets that
~ essibly active in polymer cancers.
-, puring the last few years, three cases of
"jx,yonchiogenic carcinoma and 3 cases of larynx
- ancer were observed among long-term e~
' plovees of the Japanese Army Poison Gas
" Manufacturing Plant on Okuno Island, where
Lewisite and Yperite were made.  One of these
':?;‘orkets was 30 vears old and a second, 53 years
=g, All three suffered from chronic war gas
'}oisoning due to contact with mustard gas
ramada, Hirose, and Mivanishi). In view of
b’ﬁm observations, the distinct probability of

% . :
“prcinomatous effects upon the lung following

«exposure (0 mustard gas or chemically related
5 products deserves serious consideration.

While the fundamental concept of “polymer
Yeucers” is a lentative one and needs to be
"':luppor(ed by additional evidence, the available
data are sufficiently important to require serious
sitention from both a scientific and a practical
wiewpoint. The rapidly expanding industrial
“production and industrial and general use of
A,;mural and syathetic polymerized substances
gnd cross-linking chemicals in plasties, films,
whbers, rosins, adhesives, textiles, and so on,
brings & considerable part of the working popu-
Tation into direct contact with chemicals of this
dspe. It seems to be advisable, therefore, to
sudy these population groups during the
ooming decades for the occurrence of cancers,
particularly  those affecting the respiratory

Radiouctive Chemicals
Up to some 10 years ago, occupational expo-
Wre to radioactive agents was limited to rela-
vely small groups of industrial and profes-
wonel workers (miners and refiners of radio-
ive ores, industrial and medical consumers

e
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of radioactive substances—geas mantle manu-
facturers, luminous dial painters, radio tube
makers, physicists and their assistants, radiolo-
gists and their assistants),  Sinee the advent of
stccessiul alomie fission and the ready produc-
tion of synthetic radioaetive substances, the
number and variety of individuals who have
occuputional contact with radivactive matter
have rapidly and greatly inereased (uranium
and thorium ore miners, smelter and refinery
workers, atomic energy plant emplovees, mili-
{ary personnel, and agricultural, biological,
medical, chemical, metallurgie, oil, pharma-
ceatical, and other industrial research workers
employing radioactive isotopes, as well as
operators handling dircetly or indirectly ma-
terials or technical deviees giving ofl ionizing
radiation, such as radioactive static eliminators
(Silson; Berman and Krnest; Bryan and Silver-
man), sewage disposal workers, paper and
textile manufacturers, and so on.

It is an established fact thsat cancers of the
skin, conncetive tissue, and bone and blood-
forming organs have resulted from excessive
exposures to radiosctive substances affecting
the organism or parts of it bv various routes,
There exists a great deal of highly suggestive,
if not conclusive, epideiniological and experi-
mental evidence relating an occupational in-
halation of radioactive dust and gases to the
development of pulimonary cancers. Although
excessive medicinal and occupational exposure
to ionizing radiation (radium, X-radiation)
alone may produce in man and experimental
animals a fibrosis of the lungs (Kalbfleisch;
Doenecke; Belt; Bergmann and Graham; En-
eelstad; Warren and Gates; Leach, Farrow,
Foote and Wawro; MecIntosh; Warren and
Spencer; Widmann; Bauer; Bauer and Schraer;
Ténges and Kalofleisch; Freid and Goldberg),
occupational exposure to radioactive dust and
gnses has often been complicated by simul-
tancous inhalation of dust containing various
metals (chromium, nickel, iron, arsenie, cobalt)
as well as silica.  Pulmonary cancers observed
among radioactive-ore miners, thercfore, have

“ s complicated in an appreciable number of

cases by silicosis of & minor to moderate degree.

It is for these reasons that the radioactive
genesis of the cancers of the Iung noted among
these miners as well as among uranium and
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radium velinery workers has heen doubted by
some investigators, who felt that one of the
various nonradioactive metals or the silicosis
represented the main ecausal or an important
conlributory agent (Schinz; Lorenz: Scehmorl;
Rostoski and Saupe) or that the available evi-
dence did not provide absolute proof of a radio-
active genesis (Lacassagne).  Several investi-
gators felt that the lung cancers among the
radioactive-ore miners in Schnecherg and Jo-
achimsthal were prinecipally attributable to a
hereditary predisposition ereated by inbreeding
of the mining population (Macklin and Macklin;
Lorenz; Vesin).

The “mala metallorum™ ecausing death at an
carlv age of the miners in the ore mountains of
Saxony was [irst deseribed by Agricola during
the early part of the 16th century and was sub-
sequently mentioned by other investigators
(Henckel; Schefller; Thiele). However, it was
not until 1879 that its malignant neoplastic
character was correctly recognized (Hirting
and ITesse). This judgment was, subsequently
confirmed by Cohnheim; Aucke; Arnstein;
Uhlig; Risel; Schmorl; Beyreuther: Rostoski,
Saupe and Schmorl; Lange; Neitzel; Dohnert;
Baader; Teleky; Hueck; Rostoski, Saupe,
and Schmorl; Thicle; Weber; Koelsch; Linde-
mann; Doubrov; Brandt; Brezina. Although
the miners of the uranium ore mines in Jo-
achimsthal (Czechoslovakia) also were suffering
from a fatal lung discase similar to that observed
among the cobalt ore miners in Schneeberg,
Saxony, it was not until 1926 that the cancerous
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; Baader; Behounck and Fort;
and Teleky.

Evidence supporting a radioactive origin of
the lung cancers among these two groups of
miners was provided by the observation of lung
cancers among employees of radium refineries
and radium laboratories. Lowy reported the
occurrence of two such cases among the workers
employed in the laboratories of the Joachimsthal
mines, where the ores are refined and the puri-
fied material is tested. One of the cases had
chronic radiodermatitis, leukemia, and lung
cancer. A similar observation was recorded by
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Teleky and by Neitzel in a German techp;
of a radium laboratory. The cancerous |
was found to be radioactive.  Four cases of lu
cancer have recently been observed, aceorg;
to Baader, among the workers employed iy the
radium ore processing plant in Belgium, yj,
the occurrence of such complications wag Prec
viously said to be absent (Maisin, citing Delgegy:s
Perhaps the development of a bilateral al"(‘olg:
carcinoma of the lung in a woman 16 years af, :
the intravenous injection of 75 ce. of Thorot
may also supply suggestive evidence tha |
cancers may originate from radioactive mﬂleriﬂ': i
used medicinally, when such materials becomq"
arrested in the lung.

Mention may also be made in this connoctio;‘
of a report of Martland relating the occurrenei
of cancer in the ethmoid cells in a lumingys;
dial painter, and of two additional caseg m_
ported by Aub, Evans, Hempelmann, g
Martland.  Dial painters not only ingested - ering
radioactive material which beeame deposited . 'pﬂ-ic
in the bones and produced osteogenic sarcomag -JE: rang:
but they also inhaled this matter which, thu g cum
may have produced the carcinoma of the

. in &
paranasal sinus. 7400

e

The four cases of cancer of the lung recently-E: 1920
reported in an industrial population at af at S
atomic pile site, however, are definitely not:® vean
causelly related to any specific radioactive ex i aliy 1

posurcs sustained by the workers concerned & Schr:

In these cases exposure and latent period wery’ T
insufficiently long to cause lung cancer (Love). :§: died
On the other hand, the argument that thes & 1939
workers were, in part, not directly concerned-§ appr
with radioactive material carries little weight; i schii
Doubtlessly, they had at times environs®: has

mental contact with such & material when the'® numn:

meteorologic conditions were unfavorable fer:
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 niners is, morcover, the fad:
that the excessive Iability to pulmonary neo-
plasia is limited to the workers employed unders
ground and is absent among the worken
employed aboveground, and among the populs
tion at large of Schneeberg and Joachimsthal;
including the employees of the cobalt pigment.
plant using the Schneeberg ores (Bauer; Schmoﬂ 3
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g excessive lung cancer attack rate, also, las
oot been found anmong llu‘. miners of the nearby
Johannt G('orgvn..s'(ml(. vegion. where the mines
.w’c a low .I'ﬂ(ll()'al.(',ll\'llu\'. There is, {further-
gore, 10 valid evidence an record that niners
of arscnic-, chromium-. nickel-, and bismuth-
| ontaining ores are alfected by lung eancers at
5 rate even remotely approaching that scen
qmong the Lwo radioactive ore miner groups.
The attack rate of lung cancer among the
[ (hneeberg miners has consistently heen be-
el 73 and 80 percent sinee 1879, while that
- of the Joachimsthal miners has been stated to
pange from 40 to 50 pereent.  However, this
| acidence rate may be too low, considering the
peent statement of Baader, who noted that
Juring the period 193943, a total of 180 cases
- of lung cancer were acknowledged as compen-
able disenses and that in 1929 there were only
203 miners employed at Joachimsthal.  Consid-
erng the fact that the exposure and latent
pcrio(l of lung cancer in Joachimsthal miners
- panges from 13 to 23 vears, it may justly be as-
amed that these Jung cancer cases originated
. @ o miner population of approximately 300 to
0 members working at these mines between
1920 and 1930. The exposure and latent period
s Schneeberg is stated to vary from 15 to 18
vears for the majority of the cases, but oceasion-
dlvtobe asshort as 7 years (Baader; Rajewsky.
Sehiraub, and Kahlau).
The total number of Schnecberg miners who
~éied from cancer of the lung between 1879 and
1939, according to available records, stands at
gpproximately 400, while the number of Jo-
wehimsthal miners who fell vietim to this discase
kas reached 225 (1926-43). An appreciable
pumber of these miners died from lung cancer
- starelatively carly 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 radioactivity of the
Shnceberg and Joachimsthal mines bave dem-
snstrated that, in both places, mine air and dust
bave an excessive degree of radioactivity sur-
passing many times the maximal tolerance dose
“Hoachimsthal 30 times (Peller); Behounek;
Behounck and Fort; Tschelnitz; Ludewig and
“Lorenser; Lange; Rajewsky; Stocklasa).
It was suggested that the recent introduction
¥ pueumatic drills into these mining opera-

- Public Health Monograph No. 36, 1955

tions ageravated the hazard by increasing the
production of fine particulate dust containing
sohd radium.

Repeated altempts have been made to pro-
duce cancers of the respivatory traet in experi-
mental animals exposed to the inhalation of
radium emanation and/or radioactive mine dust
(Scehmidtmann;  Lowy; Campbell; Dohnert;
Kahlau; Rajewsky, Schraub, and Kahlau).
Schmidimann obtained neither pneumoconiosis
not pulmonary cancer in animals exposed for 2
vears to the inhalation of Schneeherg mine dust
collected from drill holes.  Campbeli, on the
other hand, reported that mice which inhaled
dust of Czechoslovak pitehblende displayed a
significantly increased number of pulmonary
tumors.  In experiments of Dohnert and of
[Tucek, mice were placed in cages within the
mines.  Some mice developed moderate chali-
cosis, while pulimonary and mediastinal tumors
(adenomas, round cell sarcomas), in addition
to an occasional 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

.(h(‘roforo difficult.

Kahlau and Rajewsky, Schraub, and Kahlau
subjected mice to the inhalation of radon.
Many of the animals developed hronchial
lesions characterized by an atypical epithelial
lining as well as by pulmonary adenomas (in
7 of 12 mice of the test series, against 1 in the
control series).  While they concluded from this
evidencee that the radioactive origin of lung
cancers in Schneeberg and Joachimsthal miners
was confirmed, it seems to be advisable to cen-
sider the evidence obtained by these investis
cators as highly suggestive, but not conclusive}
heeause 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 Lorenz, Heston, Eschen-
brenner, and Deringer as well as by Henshaw,
Riley, and Stapleton.  Both groups of investi-
gators found that mice exposed to lonizing
whole body radiation revealed, in addition to
leukemia and ovarian tumors, some increase in

the number of pulmonary neoplasms. Of
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wreater sighificance i this connecetion are the
findings of Liseo and Finkel, who found meta-
plastic and  neoplastie proliferations of  the
bronehial epithelinm in rats inhaling an acrosol
of radionctive cerium.  Simidar results were
obtained with  plutenium brought into  the
lungs of rats.  Sinee uranium ore miners tnhale
not. only radon and raduum dust but also
uranium, which may be rvetained in the lungs,
Hueper, Zuefle, Link, and Johnson injected
metallic uranium powder dispersed in lanolin
into the pleural and femoral cavities of rats and
obtained sarcomas ab the sites of injection in
13, or 24 pereent, of the 54 rats surviving the
minimal latent period of 6 months.  Evidence
thus produced shows that foeal accumulations
of uranium, which is an alpha-radiation emitter,
may exert a eancerigenic action upon the
sturrounding tissues, but it does not: discriminate
between the influence ol metal toxicity per se
and radioactivity in the genesis of these lesions.,

From a critical evaluation of the epidemio-
logical, clinieal, and  cexperimental  evidence
available, it appears that a prolonged inhalation
of radionetive gases andfor dust may clicit
pulmonary cancers in man (Martland; Evans).
In commenting on the production of lung
cancer by atmospherie carcinogens, an editorial
(Lancet, 1952) remarked, “radioactivity of
Joachimsthal mines is stated to he 30 times the
tolerance dose. Tt is scareely surprising, there-
fore, that in the past more than half the miners
died of lung cancer.” It stands to reason that
this effect on the lungs of workers will prevail
wherever similar conditions of exposure to
radioactive gases and dust exist.  The excessive
suicide rate observed in the past among the
miners in Joachimsthal (Sikl) aptly refleets the
human misery  produced if such hazardous
working conditions ave permitted to persist.

While there thus can be little, if any, doubt of
the prineipal role ol lonizing radiation in the
production of lung cancers among radioactive
ore miners and similarly exposed occupational
groups, some comments on the possible signi-
ficance of pneumoconiosis in eliciting or modi-
fying this effect may be indicated.

Reports on the occurrence of pneumoconiosis
among the miners in Schueeberg and Joachims-
thal are contradictory. While Schmorl as well
as Rostoski, Saupe, and Schmorl in their carly

42

reports (1926, 1928) noted  that Schieg)
miners suffer from more or less intense ang,
cosilicosis and that this condition wag Congl.
or favoring the development of the brope 3
cancers, Rostoski and Saupe stated in 1930,
pueumoconiosis was usually not very eXtengin]
in cancerous lungs.  Because of the "“hllivd’
stow course of the pulmonary tumors, Rosysf:
and Saupe felt that pneumoconiosis may
the intrapulmonary growth of the t{xm
Hueck, on the other hand, remarked u,‘ L '
silicosis does not represent a precanceroyg wk this
dition for the Schneeberg lung cancers.  op &oll'llf‘l‘;‘
of the miners had silicosis but not lung cance & Jiou
while others had lung cancer but not silicosis, m sod
Similar diserepancies seem 1o prevail Cop :l‘i’:\)\lilv'
cerning the Joachimsthal miners.  Ziel i g
veported that marked silicosis among theg
miners is quite frequent and that ashed lung repres
contain large amounts of silicon oxide. Pirchgy .f'of‘uori
and Sikl, on the other hand, maintained that g $ “;lc(.,
pneumoconiosis could be found, in spite of 4 o pa
abundance of pneumatic drilling, and thy§ 0

lmplll:
ndion

res

pneumoconiosis has no role in the production ¢ L he do
the lung cancers.  This opinion was shared WE active

Lowy, Sikl: in his most recent communicatig peight!
on the snb]ecl., statc(\. 'tlm,.l; some degree oF and o
fibrosis suggestive of silicotic origin could, 4§ supen
course, be seen in the cancerous lungs, and they L active
were single cases of marked silicosis combind§ pents
with cancer. On the whole, however, silicos§ 1he he
was not a prominent feature in cases of cance-§
ou the other hand, the lungs most heaviy§
affected with silicoiibrosis were generally fre§:
from malignant growth. Behounek and Fort §
noted that pneumoconiosis was recorded a
the cause of death in ounly 8.2 percent of 6
miners who came to autopsy between 1929 and §
1938, This statement contrasts strikingly witk
the observations made by Saupe during s The
chest Xeray study »f 398 Joachimsthal minens § analy:
conducted in 1939. lo found that 43.4 pereent ¥ and ¢
of these miners presented roentgenologid§ enous
evidence of pulmonary silicosis.  Howevet, § leave
silicosis was of minor degree among the 7§ occup.
miners who were suspected of having puk: gener:
monary ncoplasms. & conta
Although the data are in part contradictory, ¥ For
it seems that silicosis does not play any sig-§, sive p
nificant role as a direct or contributory causeol ¥ by ep
cancer of the lung among the radioactive data,

Environmental Causes of Cancer of the LI‘



miners in Schneeberg and Joachimsthal.
other it has an antagonistic eflect upon the
crilﬂti““ pracess or modifies the course of
wstablished cancer remains problematieal.
Finally, it may be mentioned that these lung
qgcers VAIY & great deal in histological strue-
. Many were squamous cell earcinomas;
?,(be.l‘S, round cell or :umphm'liu carcinomas;
ow § ghile 8 few were of adenocarcinomatous Lyp.(\.
The radioactive lung cancers, thus, follow in
$is respect the general pattern set by all
aher occupational cancers,
" he rapidly growing production and use of
gioaetive materinl and the thereby condi-
soocd, markedly inercased exposure of some
atye Bemited worker groups as well as the general
115 §aoulation to gases, dusts, and mists containing
¢ B wlionctive matter of long hall-life doubtlessly
iy § epresents o potential respiratory cancer hazard
' serious proportions.  The attack rate of lung
ancer from such sources is very high, according
 past expericnce with miners of radioactive
‘st §ows. Therefore, a competent assessment of
vl Ee degree of exposure to atmospheric radio-
xiive contaminants for worker groups and
ion §yighborhood populations of radionctive plants
of §.ad operations, and the continuous and strict
w Fmpervision concerning the amounts of radio-
cte § wtive cffluents emitted from such establish-
w4 Y wents, are urgently necessary for safeguarding
e health of these individuals.
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8 b The comprehensive panoramic view and
-0 § @alysis of the total cpidemiological, medical,
el experimental evidence available on exog-
val ¥ mous respiratory carcinomas and earcinogens
“f. §lewve 1o doubt of the fact that not only large
« §«cupational population groups but also the
al- § goeral population have definite and prolonged
- oalacts with one or several of these agents.

v ("Fﬂr most of these agents, adequate conclu-
e proof of their carcinogenicity is provided

] epidemiological, medical, and experimental

5 4. One of several speeific  carcinogenic

' N& Health Monograph No. 36, 1955

Table 26.

Latent periods of environmental respira-
tory cancers, in months (Hueper)
i Cancer of —

+ Nares and

\gent Lung nasal sinuses
T Ty
‘Average| Range ‘Averagei Range
i latent oflatent) latent jof latent
" period i period I period ; period
[ .“_i..w__._j - — ___i e
Asbestos. oo ... 18 1 15-48 1. _____. |
Chromates . ... __._ i 151 5-47 ' _________ \-_ e
Niekel. ... ... 22 1 6-30 ! 1 3-26
Tar fumes.__. . __.¢ 16 | 9-23 1. e
Isopropyloil ... __ ' oo 10 6-16
Tonizing radiation_. ) 25-35 1 7-50 25 i 19-32

Intensive 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 foei of high inten-
sity radiation may elicit delaved cancerous
reactions.  Since radiation cancers, like other
occupational cancers, have a long latent or
induction period (table 26), it is cssential 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

chemicals has been isolated from several agents
representing variable chemical mixtures(soot,
coal tar and piteh, petroleum oils, gasoline and
diesel engine exhaust).  Wherever a definite
identification of a speeific causal agent, such
as isopropyl oil, asbestos, and chromates, has
vot vet been attained, the epidemiological evi-
dence based on an evaluation of cancer inci-
dence of relatively small, occupationally cir-
cumscribed total populations at risk is suffi-
ciently reliable to prove the presence of an
oceupational respiratory cancer hazard causally
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demiological, niedical, and experimental data
concerning these respiratory carcinogens attest
their high earcinogenie poteney under oceupa-
tional conditions, particularly when acting on
humans, I is therefore reasonable to assume
that inbalation of the sanme agents, in a miti-
gated form as aiv pollutants, by the general
population is responsible for a considerable
portion of the lung cancers attributable to such
contacts,

If this cohierent and logieal picture presented
by the evidenee supporting the various occupa-
tional respiratory cancers and, especially, the
coal tar fume cancer of the lung, is compared
with that available for the cigarette smoke lung
caneer, cven upon superfictal examination,
several additional serious defects and inconsis-
tencies not  previously pointed out become
apparent.

Tt is surprising to note the absence of positive
statistical associations between lung cancer and
cigarette cough, although this latter symptom
is clinieally  characteristic of c¢hronic  chain
smokers.  Despite the fact that the lips and
oral mucosa are constantly bathed in the tarry
liquor oozing from the tip of the cigarettes and
despite the contact of these parts with the
smoke coming from the eigarettes, there is no
consistent statistical association with cancer
of these parts. The assertion that no tarry
material exudes from the cigarette tip is belied
by the evident fact that chronie cigarette
smokers are observed to have brown-stained
fingers. There is, on the other hand, not o
single record available of cancer of the fingers
attributable to cigarette tar. Such cancers of
the fingers would be equivalent to the numerous
cases of coal tar cancers of the hands for which
records are available,

In an attempt to provide an explanation for
this discrepaney in the careinogenic behavior
between coal tar and eigarette tar, Licking
resorted to the speculative assumption that
cigarette tar possesses a special tissue specificity
so that the skin of the first three fingers,
although impregnated with cigarette tar, is
“Immune” Lo its carcinogenic action,

It also would be medically unsound to con-
clude upon a sort of racially conditioned tissue
immunity for explaining the observation of

Lapi
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records of a large Jewish hospital in W
Poland. showed a lung cancer flcquencv ol
pereent of all cancers for Jews against a
queney of 15.3 percent for non-Jews, espeg
in view of the fact that ISastern vas are
Geularly  prone to  develop Lhromboa
obliterans, which has the best cstablid
causal relations to tobaceo smoking. :

The claimed absence of a positive associg
between lung cancer and the habit of ik
cigarette smoke also is inconsistent wit
rule that the incidence rate of occupati
cancers increases with the intensity of expe
to a carcinogen. The medical consideratg
on cigarette smoke cancer of the lung 48
reveal a number of serious and fundam
defects and contradictions. v

The best that can be said about the ey v
mental evidence on hand r(‘gm'ding carcinogy
properties of tobacco tar is that it mdlc&t,es_
carcinogenic agents in some cigarette -§
through  the use of hyperreactive animy
There is no evidence that these observationy
the skin of a strain of sclectively inbred mg
have any equivalent in man, Thus the pig
tical importance of these observations agf
cancer of the human lung is at present ung
tain, especially since Passey, in recent expy
nients on mice painted for 16 months
tobucco tar, was unable to elicit a single cagy
of the skin.

From these considerations, it is apparg
that any final decision concerning the relaj
role of cigarette smoking in the causation
cancer of the human lung should be kepty
abeyance until a great deal of additional §
more valid, and especially medically conclusg
evidence becomes available. The data on he
make it unlikely that cigarette smoking rep
sents a major factor in the production of
cancer and in its recent phenomenal
frequency. For these reasons, it would be m
injudicious mainly to base the future prevents
control of lung cancer hazards on a theory;
such doubtful scientific merits and to oon
trate the immediate epidemiological and expé
mental cfforts on this apparently overpd
agandized concept. The apparent wisdomy
such an attitude is readily apparent from :
fact that not only a great deal of the circd
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Jtiol epidentiologieal  evidenee  but  also
geally the entive Taetual and conclusive
1once available on speetlic exogeneous causes
pespiratory  cancers indicates  that  these
cors ATe cithier of occupational origin or
Wls to industry-related factors.  Not only
. occupational groups but also the members
the gener&l population have contact with
ese agents in various {orms and intensity.

Ybic Health Monograpihi No. 36, 1955

Finally, it may be noted that the evidenee
on hand justifies the viewpoint that, in arriving
at a judgment (Baader; Lickint) in any medico-
legal dispute requiring the assessment of li-
ability for the development of o respiratory
cancer, any  evidenee ineriminating  specific
occupational factors should be given preference
over that possibly provided by a cigarette
smoking lustory.
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