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Introduction

—

To be scientifically scceptable, any theory
on the etiology of lung cuneer must reflect o
eritieal, balanced, and competent enalysis of
the entire epidemiological, medical, and ex-
perimental evidence concerning the types and
environmental  disteibution of and  contacts
with all known or suspected exogenous agents
ineriminated in respiratory carcinogenesis for

environmental, occuputional, or medical reasous.
Tt is only through such serusiny thut significunt
and worthwhile information may be obtained
as W the relutive role which the various di-
vidual respirutory carcinogens have played and
are pluying in the production of lung cancer.
The following fucis and observations form an im-
portant and integrul part of such an assossment.

General Epidemiological Considerations

A real, definite, and progressive increase in
the frequency of jung cancer started in most
industrialized countries around the turn of the
contury (tables 1-3), that is, at & time when
cigaretle smoking was still 8 habit of minor sig-
nificance (Probst; Berblinger; Grosze, Kaliluu;
Fischer; Lickint). This rise was first clearly
recognized by pathologists of Central Europe

eing the early 1920's through u study of

cropsy dutu collected during the first two
decaglen of the 20th century and was subme-
quently confirmed and elaborated upon by
biostatisticul investigations from America and
Europe which mainly used cancer mortality
data (fig. 1). -

Published records indicate that this develop-
ment revealed marked variations in the tume
of onset of lung cancer, in its relative degree of
severity, and in il8 progression rate for different
localities and countries. In Germany, for in-
8 an increase in the incidence of lung
eane as first noted in Saxony and Central
Germany only, As late as 1931, Fischer re-
ported that Jung cancer ropresented 11.3 per-
cent of all cancers in Suxony agwinst 6.6 percent
in the rest of Germany. In Donmark, secord-
g to Clenunesen, s rise in lung cancer [ro-
quency was still doubtful during the first three
decuden of the 20th eentury and only became
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definite after 1930. Similar observations as to
a late uppesrance of this increase were made in
Italy. There still exist striking differences in
the lung cancer mortality rutes of different
countries and different regions of the saine
country (fig. 2). In England, fo - instance, 25
percent of all cancers in males involve the lung;
the corresponding figure for Norway is less
than 6 pereent.

Similar discrepuncies exist for lung cancer
morbidity mtes for difforont mewropolitan ureas
in the United States as well as for their relative
progression rawe (table 4).  Another example
of the existence of striking rogional variations
in lung csncer frequency is presented by the
ramarkable differences in lung cancer mortality
rutes botween urbsn-indusirialized sreas ahid
rural districts.  This has been demonstruied
for Englund and Wales and for the United
States, where lung cancer death rates were
found to be cousistently higher in urbun ureas
than in rurul aroas (lables 5-7, figs. 3 and 4).
Such observations huve been made in Ohio,
New York, and Counccticut (Mancuso, MceFar-
lund, and Porwerficld; Tavin, Keaus, Goldberg,
and Gerhardt) sidd were reported from England
and Wales by Stocks; Kennaway and Ken-
naway; Fulton; and Philipps. Stocks reported
the compurative mortality rutios for males in
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‘Tuble §.

Frogquency rutes of lung cunoers i sutopsy naterial (Prolmt)

| !

Lung cancers

- - I\umhcr of, Total | Absolute
Author Yeriod ! autopuics icarcinomas Nu. Pereent Pereent
— . | of all of ali
p— ! \ ! cases autopsicr
1
Ieiilsred. . 1852-76 0. 057
Fucha. 1854-~85 . 065
Wolf.. 187784 3]
Pasnle 18K1-04 17
Wolf .. 1885~04 . 42>
Perutx .. JUN “N5-97 .10
Murchonani . - . . . e emmeaan | 1847-96 .26
Kikutho... . _ .. . P | IRNO-UD |. .07
Feblehenfeld. . oo ..o .. | 1895-1900 .24
Riechelmann. ..o ... ..o iana. -] 1885-1901 .39
[t 1] 2 J | 1899-1903 1T
Marchesanio. ... ......... .18
¥

Redlich v ooe oo ie e e 31} 63 L
Seyfahrt_____. IR 1 - 1 1= 1 s S PO SN SN 5.1 . 67
Karrenstein. ... . . . 32 3. 42 .31
Kikuth._.... 20 8 .37
Btachelin_.. ... ... .............. 12 21 Liiaee-.
Bejacho o e 20 279 ...
Lo U 3 1.13 .11

Bevlahrt o oo ey 190713 e e .. 6. 88 .9
L7 60 4 51 . 46
Bejacho oo o e 33 4.8 . 45

Bejach . e e 29 , 4 95 .5
Mucheum--._(-.._.._...‘., __________ [ 3 P, ! .13
U e oo o T r 15 ! 2.7 ., .31
Berblinger... -~ ..., ... .. ..... 1910-14 2,347 363 , 8 22 .34
Materna. ... ... .. .. ¢ 1912-14 866 | 48 1 208 .11
Stacheling . .. —o .0 .. L. L.} 1012-14 | .. ] 218 1 50 ceeeoa..-.
Proimt. ... .. .= [ S 511 B £ ¥ 3, 448 } 389 | 13 4 34 .38
Beylahet. oo L L L . . 1OM=IB e, 11.23 1. 01
BN . o e e cacimemee ioescvcceaccee 1912482 | cdlecmcnences e e eccacom mmeomemem .19
Materna. . 1, 067 70 5 7. 14 .35
l'll'!:ekwoldl I 6, 0K 56 | 21 37 .36
e e LT 5 518 | 580 27 4.5 . 49
Beﬂ»lmgu... — , 380 337} 10 29 .30
e et T 4, 989 302 24 612 . 59
Hawm 1,609 9, 5! 531 .31
Kikuthi. . - X 2 O S i 146 58 . .58

Marchesani...._.. . . el ; 3,836 oo, .. ! 0 .. .3
Btachelin._...o .. .. o .. 1523 |..o.__. __ 755" 3y 49 | eooan
Jabarsch.. . . .. .. . ... T 1= T I 8, 301 458 | 2;;5 foonmmmnnnn
2,429 287 24 ]R3 l .99

1,040 75 | 6, 80 | .57

f@ om o3 in E

! N .

hclm.. cemcme e imcecees ] a"149 __________ 5 49 ...

Emvironmenial Causes of Cancer of the Lung




1916 19, with devisbions from the _avorage

mortality rate sct at 100, as follows:

Groups of adjacent towns with over 200000
occuped dwuthngs:

ydon, East Ham, West Ham, Croydon.- 156

anminglsan, Simcthwick, Waball, Waost
Bromwich. o ceo i cicciciccaaaas S 134
Munchenter, Salford, Rtockport. ... ... e 150
Liverpool, Bootle, Birkenhesd, Wallaaey..o 162
lecds, Bradford, Halifax . o ooooooao o on 132
Shefficld, with 124,000 occupied dwellings.... . 135
Noweastle and Gateshend, with 87,000 occupiod
UWwelliBgs e o oo e c e ceamanean 114
Aggregate of 6 towns, eack with 50,000 to 85,000
ocoupieod dwellings. - oo vcman e 113
Aggregate of 3 towns, each vntthOOOto&Owo
occupied dwellmg:..._-.-.-----------....’?’“E 107
Aggregate of 12 towns, esch with 30,000 to
40,000 oocupicd dwellings. - . oo caoa o, 104
Aggregate of 13 towns, each with 20,000 to
30,000 oocupicd dwellings. . o e oo oo menann 100

Aggregate of 20 towns, each with less than
20,000 occupicd dwellings. ccveeeecencuan

In Ohio, for the years 1947-51 (Micuso,
McYarlane, and Porterfield), the standardized

mortslity ratios for Jung caneer moctslity  of
sclected sites wnong white malee 2564 yoars
of age in urban und rural countics were:

Motropolitan countics (8)
Urbui countion (7). eouerccccrccaroneeeacacan

The standard mortality ratio is
Observed deaths
Expectod deattis < 100

The type of county is defined, according to
degree of urbanization, as follows: Metropoli-
tan county—coutaining cities with 1950 popula-
tons of 100,000 or more (91 percent urban);
urban—containing citics with 1850 populations
of 50,000-100,000 (66.2 percent urban); rural—
containing communities with 1950 populsations
below 50,000 (41.4 percent urban),

-Curwen, Kenoaway, snd Kennaway only
recontly recorded frosh evidence supporting
earlier obscrvations. The new evidence indi-
calod the existence of positive corrclutions
botween population density in England and
Wales and mortality from cancer of the lungs

Table 2. Frequency rates of lung cancers in -ul.op-y material of German pathological institutes, 1906=52*
i
! - ! IPcrccuugol Sex
| = of lung |
Author i City Period uncer:u i
= among
= | cancers Male Female
Fischer-Wascls . - . . .| ! Vrankfurt - 1906 loooo. . .. 1.6 0.97
Simrowse ... ...-..| 1906-12 2. 50
Schairer and Schoe- 1910~14 22
1913-17 62
1920-23 361
192427 129
1924-3] 10. 79
1925-33 13.0
1927-31 9 83
1927-31 15. 4
1928-3) 130
i 193140 12.38
Weber and Knou...: 1932 139
Schairer and Schoe- | Jona 1932-39 120
aiger,
Fischor-Wasels. .. .| Frankfurt. .. oooiociceioccmccannaea| 1938 L L .._..
NOCH - eevee e en 21. 86
Ruore. .o 130
Emvminger and Ein- | Bavaris . oo oicorceccoccrcccnaaran-.-.] 194548 [._._.__..
fait.
LN O, 26.23 |-cncrcceaclecancmnuna
Foeher. oL .. 180 leceerccecalancanncanas
{\wh ........... i; [N P,
Veber and Kuoll . . . e
Raldau.. .o ] GOrIADY .. s ciceoccmccseacanncoamanna 1982 leceaeo.o.o 23 4 54
t From Kahlau. —
Public Heakh Monograph Ne. 36, 1955 3




" Figure 1.

Cosnpurutive trends in respiratory cuncer mortality, 1924=50.
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of nisles wnd feinsles und cancer of whe larynx
of males, but not of females This relation is
even apparent when comparing relative lung
car~cr deuth rates in the United Szﬂ;f@ and
E  .nd with the relative populntioniicnsity
in these countries, Whereas, in the United
States, with a population of 45 persons per
squure mile, 1 lung cancer death occurs per
6,600 inhabitants, in England t.hesc’f_ﬁgures

stand ul 755 pursuns per syuare inide sod |
cancer death per 3,300 inhabitants.

It has recently been observed that the lung
cancer death rate for white males living in the
downtown arca of Pitwsburgh is excessively
high—twice the rate for males living elsewhere
in the city. It is somewhat uncertain whether
this observalion carrics the sumne inplication as
the observations male in Obio and in England
and Walee  Such an interprotation is suggosted

Table 3. Lung cancer rates in necropey material of various German institutes of pathology for the period

18951925
L Pereent of
Period Total cancers s h:nn‘\o:::.ﬂn Range Average
N { cancors
1895=1905 - <o ool | 2801 MBlage [ 4.1 1.9-6.2
190615 . . .....LoIIllIIIITI P 475}1"' 278 { 233}”3 { 3 s}‘ 8 { 2 3-50 } 1.9-8.2
o ... ~..] 15,43} 832 52 3070 jccuuren.-.

Figure 2. Ago-adjusied death rates for mphinory t(:::‘?;r per 100,000 white males in the United States, 1950,

[ Jomer 17 B 2720

212, B s cover

Public Health Momogrsph Ne. 36, 1955
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Fable §.

Incidence of ronpirsioey cancer, morbidily rutes p-er wu.uuu populution fur 9 metrvpolitan ceaters

by sez, 1937 and 1
Morbidity rates
Primary sit snd city Males ; Femnales Touwai
! . Peroent | ! Percent - Perocur
. 1437 1447 : ine " , 1937 1047  ineressc 1937 1947 increas
Brouchus and hung: '

_Atlanwa. .. ... ... - 80 13. 4 108 .U, 8.0 40U 24 8 207
New Oricanx. . 13.1 3u. 1 1‘18 28" 4.2 50 7.6 2, R 174
Dallax, . Sy 20. 0 392 ; .8 G.4' 1,180 KA 172 455
Birmnghain..._...... 4..? i&:.{ 3{:0 | 2; 34 843; .éd H.(S) '.zii;x

1 1374 ) (R 4, 21.¢ 1 4. 81 4 [] 14 124
Sen Franemco....... 15,6 . 34.3 120 I 3.9 | - 108 4. 8 20 8 V12
icago. T.. ... 133 20.5 122 | 43 7.0 63 8 8 18.0 105
Pittnburgh . .. e 0T 26. 1 104 4.0 55 12 7.3 15 6 114
Detroit.___.._...._..._. 12. 6 320 154 23 387 i 148 176 00 150
nx: - ' !
Atlamts . ... . .. L4 4w 186 .3 ua'i e - 9 2.0 1
!\'I):l‘l' Orlesns . l:l‘g I:Lg ' ?“‘2 l.: 1.2 ' 1?3) gg 7’.ﬁ 36
an . . ! b . . | 27 7
anm;lmn i:) : : Ill | :3“5 0 l.g ! ........ :l) z, [ T"g
L. 207 L1 i L I, L€ 20 p
. L4 KA .2 A a0 24 4.6 a2
Chicago...... — 67 7.0, 4 .4 .0 50 . 3.5 3.7, 6
Pittaburgh. .. 4.4 8.q- 82 .4 .8! 100 2.4 4.4, 83
Detroit.. .. 35 6.4: 8 .4 3 =2 20 34 70
r ! !

by the fact that the white male inhabitants also
had an abnormally hbigh skin cancer death
rate (Patno). This i8 in sgreement with the
general experience demonstrating the dual role
playoed by many occupational carcinogens, such
as arscnicals, coal tar, petrolcum derivatives,
and rodiouclive substunces in the production
of hoth cutancous and respiratory cancers.

An additional expression of this urban-rural
pattern of lung cancer rates is contained in the
recent report of low, who found that these
rates were 30 to 50 percent higher amony indus-
trial policybolders of the Metropolitan Lifc
Insuranco Company than amonyg males holding
general policics.  Tow found, on the other band,
that such differcnces did not exist for femalc
holders of tho two types of policics. He pointed
out that industrial policyholders represent, for
the most part, urban wage earncrs and their
families in tho lower-income bruckots and
include a high proportion of mon engoged in
manufacturing, mochanical industrics, mining,
transportation, and personal service., In con-
trast, the general policyliolders arc drawn
mostly from middle- and higher-income groups
engaged in nonhazarious occupations.

¢

The apparent csusal significance of thesc
epidemiological findings has been demonstrated
by several investigators. Appreciable amounts
of 3,4-benzpyrene have been demonstrated by
Waller and Cooper (R. L.) among the air pollut-
ants of English citics; by Kotin and associates
in the particulow phase of these atmospheric
constituents in Los Angeles, and in the exhaust
fumces of gusoline and diesel engines (tubles 3
and 9). It hLas been estimated from thesc
ligures by Blacklock, Konnaway, Lewis, and
Urquhart that sbout 16 mg. of 3,4-benzpyrene

Tabic 5. Cancer of lung and larynx, England und
Walcs 1946-49 (Kennaway and Kennaway)

i -
Type of couununity Lung can- | Larynx cun

oer ratio! ocr ratio!

Malcs l m“;,m | Malos | KO-
Grouter london. ... ... 100 ! 100 -+ 100 100
County horough . .. ..... o129y 137 | 125 55
Other urban districta. ..., 160 ! 156 14% 69
185 | 170 42

Rural districta. . ........ l 233 !

! Number of persons producing 1 deatb.

Eavircoamental Causes of Cancer of the Lung
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Table 6. Lung cuncer death ratos in 25 su:t; of the
£ United States, 1946 and 1948, crude death rales per
100,000 _

Statc 1046 1948

Industrialized Statcs _

Conneeticut. ... oo . cccooaaa. R S5 . | AT
[ 1] TE LT T SR N1 ‘ z w2
Marviand. . oo leaaal 6.5 " R 4
Miuwsachiusetts. oo e meeeeccana 10. 4 0.2
Michigan . oo cee e iaas 57 7.1
New Hampshire. .. .ccoeavaa. T4 1001
New demey oo e ianan 9.7 - 07
New YOrKeweoimoaiooicenccmenas 10021 119
RiU. @ ccmccecceccmccccccmreannn | 6.0 7.3
Ponnnylvanis. .o oo oo oa.. 6.7 X 4
ode Island. ... . .. ol . } 87 7.4
States with regional industrialisatio
! 1946 1043
Floridt oo cicceaecaaea ’ 6. R 74
JOUIRIIB . o oo e ecc e cmvmaan 6.5 xh
MikMOUR o oo oo oo omcccecans | 7.3 9.4
Montans . o ..o aaanna 100 88
Nebraska oo ricaceiaaaaa. i 5.7 X0
b -
Agnicultural States
146 ! 1948
[

Alabama. ..o | wo [
APKRANBRE .« e e cinceeemaanen | 36, _ 54
N Moexion. oo 2617 30
hY Coroling. oo cieuaana. 31 4.0
Noreh Dakotas . o oao o oo cneoooaa. a6 4.1
OO e caieean 4.1 4, 4
South Carolina_ ... o cooaoo.. 36 ({— &7
Washington . .- ..o _oo__. 5.1 4.2
Wyoming. - o cocoooeaaas 4.9 39

The death rates for the year 19046 were taken from
“The American Cancer Society, Inc., 1949, Cancer
Doatli Rates for cach State in the United States by
Site,” those for the yenr 104% were produced by the
National Otfice of Vital Statistics.

Tahie 7. Lung cancer mortality rates. per 1,000
g_lllh. I)vy scx, in Austria, 1954 (Herbich and
oubold

. Comwmunity Total | Males mr:;;
Viennan -
Cities (0,000-1,000.000
Citios 20,000-60

Publit-Helth Mevograph No. 36, 1955

Canerr 05 uf;zli‘-'a'ﬁ in.l‘mnlu- q:.ld zbsyymm
over, England, . Reprodu per-
- mission of the British Empire Canecer Campaign.

'f/ak

ACual martaity per cant of that expecicd fram v distriasaen
: J”Tumy*nudm

i TH - 85 c M0~ HE = 130 MW
o s

Figure 4. Obuerved snd ted |

»

deaths

unyg
in urban Call‘ml_runl Ohio, 1947=51.

. F'. Mancusa)

Luny cencer deaths Observed Kzpecied
8 eountics 1, 580 1, 261
Ranainder of Ohio 728 1, 017
v




Tuble K. Eativsuted smount U of srosalic hydre-
anrbons in leminute samples of gasoline exhaust
with varying engine revolution speeds (Kolin)

: Com- Beng-  Anth-
Revolutions 4, Benze e
por mmmc:l yreee ; "";L"'l p_vn.-ucl ,lle:\'::. : ‘;:}:;'
2R 120 235 153
x5 61T 102
26 33 ) 36
142 40 73 27
127 25 70 ¢ 31
23 13 85 i4

5 10 39 . 15
i .

1 Quantitios are cxpremsed in ggii. at Q lvad.

may be inhaled and retained in the lungs from
thoese sources during s lifetime and that this
quantity represents approximately 40,000 timer
the dose (0.4 micrograms) capable of producing
cancer in mice upon subcutancous introduction.
It should e emphasized in this connection that
3,4-benzpyrene is only one of the severul car-
cinogenic chemivals isoluted from atmospherie
pollutants and that, therefore, the actual total
smount of stmospheric carcinogens resching
the lung is_ considerably higher (Fulk and
Steiner; Kotin and associaies).  The benzpy-
renc content of the air was inercased fourfold
during smog days (Waller).

It is difficult, if not impossible, to reconcile
the obvious causal significance of this factual
evidence with the claim thet such regionu!, and
especially urban-rural, differences in Jung cancer

feequency are wtelly secounted for by differ-
onces in the cigarette smoking habits of the
two populution groups or merely reflect locud
discrepancices in the diagnostic acumen of urbpn
and rurul physicisns and in the availability of
dingnostic medical fucilities.

Such explanstions become even less tenable
in view of the luct that the annual age-adjusted
increase in frequency of lung cancer deaths was
higher in 1914-30 thun th 193144 (Wble lu,,
whereas the markedly increased cigaretie con-
sumption during previous years should have
boostod the anuual progression raie above thaut
soen during the carlier period. It hias been sug-
gosted (Lickint; Hammond) that this puradoxi-
cal behavior of progression rates is attnbutable
to the fact that many cigarette smokers did
not live Jong enough to develop a lung cancer
because of their precocious death from coronary
scierosis, which also is assumed to be clicited 1

Table 10, Annusl sgo-sdjusted increase of fre-
qQ y of Jung mortality

Peroent 1ncrease

|
Bex !
|

1914-30' , 193140 ' 1933-44°
Maler oo, T 85 58
Females . ._..__. ! 80 235 20
. N S

1 Do,

? Potter.

Tuble 9. Estinusted L uf ar tic hydrocarbon in leminute samples of diesel exhuust wilh varying
load and engine revolution spoed and with fuel-injection inefliciency (Kotin)
. : 1 z | '
Revolu- ) ! ! ,
i i i Compound, Benz- Benz- | Anthan-
t:g;l; u;:r | Lofd ‘ Cunditiun Pyrene k l pyrene . perylene | threoe
; ! !
]
1, 000 | =0 | Cowmpression releame. .. - . l 137 l 22 146 2 0
' Yo een- L« R 267 76 ; 465 42 43
—l . do . .. L. ' 536 | 175 ¢ 772 124 223
I RS du.. ... I - 1, 800 . 040 1,320 . G610 472
A3 PO doo..oe..o e e e 3, 500 | 839 , 876 S 1, 285 469
1, 300 0 [.....do.... ... L. 208 0! 9 79 4.3
Koooee T 257 ! 0! 47 | 40 24
B T T S 448 ! 278 437 171 197
L P Aemmcae e 838 488 432 930 320
/3 S [ L Y PR 1,912 8l4 ! 1,706 | 976 944
40 | 0 {0 dorLIITIIIIIIILIIIIE 188 | 0| 80 . 0 20
[ T ool 177 | 56 | 78 | 0 16
L2 P 1 SN ! 220 | 76 l 1,372 i 368 64
/3 T 0ee ool ! 734 | 337 982 1,071 e
17 RO do.. . AU ; 822 340 ]v 1, 687 944 666

3 Quantitics arc oxprowod in sgiu. /i,

Eavironmeatal Causes of Camecer of the Lung




the mwjority of cases by cgurette sioking,  cigurctice Weory widd may perhups womenturdy
according 1o statistical evidence. —= sutisfly the protugonists of this concept, although

Such wu explunation conveniently disposes 1L cannot be Luken seriously by anyone who has
of un observation challenging the validity of the  uny competence in the stwdy of arterioselerosis
. (Hueper). It is remarkable, morcover, that
Tafuer w considerable inerrase in ung cancer
Unitesd Stales and selected foreign swuntries,  [requency in Russin observed during the first

=
Fawie 11 Sex disteibulion of Jung cuncer in the

1a50-1953 - “decdes of this contury, this dovelopment secms
, rM to have come w u halt during recent years,
) . . __ L. Male- sceording W Anfilogow (cikd by lickint).

Country | Yoar Author fomale Considering the recorded strikingly irregular
: = epidemiologicul behavior of lung cancer in difl-
Unded Btaes. 1933 Doftteeeannnn 1 ercil countrics, slates, proviiees, comununitics.
}3.?} #:::xr;ﬁfe}}":i (&‘7'{ and population groups, it is ob.vious that this
1950 Bocler cv el.. .| 11. 5:1 paticen scurcely corrcsponds with the pattern
' {8‘5‘{ l(‘:i.l,.-“:;‘fﬁi'ﬂ" /423{ presented by the degree and spread of the
1041 Hatpert......\ 14:1 ciguretic smoking habit. 1f the action of en-
1951 M:Bumey et | ~ 29:1 vironmental carcinogeus other than those pos-
1040 O'Keefe ... 20:1 sibly contained in cigaretic snoke should mainly
1941 Flg;?’\\[ and | 13 5:1 account for the remurkable ineresse in Jung
1035 Nn-l\'.‘?‘.‘:_._,!;%l:l . cancer frequency and for the causation of u
\_ohr&::'i;tm‘.u {g;g Suwiner, :f‘l” major portion of lung cancers, industrial sl
} T iges RN industry-relaved carcinogens would well fit this
Sweden. ... 1947 2:] patiern since the growth of industriul establish-
Denmark... . 1931 3 ments und the use of their products in the
é:ralt‘m‘- - }ggg _&l .§, } economic life of diﬂ’ erent countries have greatly

Yoren 1R50-1899 | 181 lacked unilormity in time, type and extent,
é %g&}gg ,{% é i . This concept roceives support f"‘Jlﬂ. u crit-
1930-1939 "3 81 ical evaluation of the data on the sex distri-
. 1940-1049 ‘5. 4:1 bution of lung cuancers, the changes in the sex
f' }8453 712;} ratio during recent decades, und the probabie
A, s, o0 1947 . Nantas. . 50:1 ressons underlving at least a purt of these phe-
Faghunel o ... img ! l’?{u‘ﬁ:;:: _____ ’-,gi nomena (tubles 11 and 12).  Considering the

I

remarkable variations which the male-female
ratio of lung cuncers hus showu at different

t Mexieans living in Low Angeles.

Table 12. Male-female sex ratio of lung cancers in Germany, 1586~1927 and 1940=50

I886-1027 . ! 1940-50
. — v 1

City Author l Ratio l City Author Rultio
Drosden....... _.. b Wolf ... 6 7:1{ Drendenro.. ... ... [ P T 3T Y 15:1
loipaig.... - | Beyfurth._ .. . 6 3:1 | Twipat.... ... ... Knoer (. - 18
............ hrt. . -. 28:1 | _doo._.o... Morkelooo....._.. ..., 15:1
Chemnitz........ .| Briese_. 29:1 | Zwickau._._._._.___ Gorbe.. oo aae 7:1
Berlin.onoooooi . | Wahl, - 2 7:1 | Berdin.._J1I1111000 Berg... 201111 L9l
B eeeeenn i Bojsch... 23:1 | Potsdam._......_.. Mollmann............ 19:1
Doeeeeoo. Hanloo oo 36:1 Koeln.oooooneean.. Breyer. ool 21:1
Do ... _.... Redlich. . _...........! -5.2:1 | Muenchen.......... Anncher (oL oL..... 1
RKoeln . .._...... licheugrucn and lmscn.j €. 7:1 1..... (117 | Rasutssehee oo oeaaa.. 1¥:1]
Muenchen. .. .oo .. FUCRS. e ocerenvcmea. 1.8:1 ... [ L. T, Frey. oo eeieannan! 24:)
dena_ . . ......... Bila._..._. ceeccceneas -80:1  Jona _____......... P Runteen. oo eaeeao.s i 49:0
Hasburg.......... l Kikuth o oeeeencannes 1.8:1 l Hamburg.....co-.-. ! Lotsiug, e eeeenen.... 12:1
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tunes, i different localitics, aud in different
demographic groups, it is most unlikely that
such discrepancics and changes are attributable
Lo fluctuations in the intensity ol one single
factor, such as cigareiie smoking. Instead, thev
appest W be due o slterations in the type aml
extent of the action of u broad spectrum of cn-
vironmenial respiruiory carcinogens alfecting
the members of the two sexes to different
degreos, .

The-marked and growing predominance of
males amony lung cancer victims seems Lo be
due largely to the following factors:

1. Males ure more extensively employed thus
females in occupations which produce and use
known or suspected atmuospheric carcinogens.
Also, males work more cousistently and over
longer periods of their lives in such occupations.

2. Mules prodominaie in outdoor occupa-
tions, cepecially in urban arcus, where they be-
come exposed 1o carcinogenic pollutants in the
general atmosphere (efluents of domestic and
industrial furnaces, exhaust from gasoline and
diesel engines, dust from rubber tires and from
asphalied and oiled roads).

4. Males more often than females perform
heavy physical labor reyuiring deep and fre-
quent respirstory movements facilitating the
penetration of carcinogenic air pollutants into
the distal portions of thic respiratory tract,
theroby increasing the frequency and degree of
eXPORUre.

4. Males more often than females work
through the entire spun of their occupuational
lifc within urban arcas with proved carcino-

genic atmowpheric pollution, while femasles swy
for larger portions of their lives in the cleaner
suburban dormitory communitics.

These considerations provide subsiantial sup-
port to the concept that local differences in
general and occupationsl industrial sir poliu-
tants may more plausibly account for an ap-
precisble portion of the observed differcnces in
attack rates for the two sexes ruther than do
Jocul vuriations in their smoking habits.

The doubta as to the uprestricted validity
of the ciguretie thuory ure doepened if critical
evalusation is made of snother dubious link in
the chain of dauns advanced to bolster Uus
concopt. It has been maintained (Graham
thut squumous cell carcinomas of the broochiul
mucosa arc s spocific responsc o cigaretie
smoking since (@) this histological type of bron-
chogenic carcinoms was allegodly rarce before
1920; (4) it has increased considersbly since
that date in rolutive frequency in comparison
to other hisiological types of carcinoma, es-
pocially adenocarcinoms ; and (¢) it is more often
found in males than in females.

The facts are as follows: Broncliogenic
squamous cell carcinoms has commonly been
found with all known occupsational respiratory
cancers (teble 13). However, mauy of these
sgents have also elicited other types of pul-
monury carcinomas, such us undiffercntisted,
round cell carcinomas and adenocarcinomas.
Thus, there is no evidence supporting the view
that any specific respiratory carcinogen elicits
o specific and characteristic type of cancer. A
study of lung cancer records of casce observed

Table 13. Histological typew of vocupationul respirstory esticers, accurding Lo carcinogenic agent

Organ

Tarfumes. ....oeeerenenn.. Tung. e
Niekel_ .o cneeeeeeeenn RO, 7 TR
Chromiwm. ... ....... . .‘go.. .........

.......... BRI AP I
Radioactive gaaes and dust_.|.. ... TN

Niekel...oocooo... A
Radiocactive gases ust. .
Isopropyl ol oo .

1
Sqll‘wnoa.m Aablasti :
s | Jtound cell | Auabastic ,
or 'lt:;rlltl. or oat cell c;bfi):lg:?‘g?_- i Agen%m& i
eornifica- carcinoma noma
tion l
|
- 2 PN PP 2
4 3 l ..........
........ - P2 N PR
11 2 2! [
14 Y 7 1
:3‘1 ............ [ 1
SRR ISR R YRR
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before 1920, or even before 1900, readidy estab-
lishes the fact that during those years squamous
cell earcliomas of the bronchi were by no means
rare occurrences (Wolf, 189538 squamous cell

Table 14. Cansumption uf tulmeco in puund- per
sad-year, New Zealand and United Kimgdom,
1900-1%30 (Eastoott)

o —— e [ — . — -

. R Pounds of ssbacco per
JFEp— hoad-yoar
Year
_ — Now Unitod

— Loalaani Ringdon
....... ememeeemaa- 23 | T o5
1910, e cencennns 260 22
.......... P, 350 290
1D - I, 338 ~ 331
IMO........ memcancne 3 87 R 97
1980, . ... esfececnonans 538 4 8

Tabls kve h
e

2 earcinWinas (Kroyborg).

curciiomas wobg 15 lung caucers, Probst,
1827—25 percent squamous cell carcinomas be-
tween 1905 and 1918; Watsuji, 1803—23 percent
squamous cell carcinomas between 1892 and
1809; Adler, 1912—approximately 40 perceut
squamous cell carcinomas amony 181 lung car-
cinomas collected from the literature with ade-
guate histological dats; Proc. First Nat. Cancer
Conf., 1948—44 percent squamous cell carci-
nomas in males; 11 percent in females.

While adenocarcinomas are more {requent in
fomalos than in males, they also nrc more {re-
quont in young persouns thun in old ones (Lanu-
skog; Proc. First National Cancer Conf., 1949).
The evidenco on band scarcely supports the
contention that adcnocarcinomas are of endog-
enous qull.uon (Lickint) or that they have an
ot ering from that of squamous cell
The male-female sex

) from csncer of the lung, 1932-53,

million peresns
nd -omp-md with Eagland nn‘ﬁ-ks (Fastooit)

- Age
Period Country ; \
- t
3544 | 4654 , 5564 6574 , 108N
= NewSealand . _ ... ... ... ..... 13 87 158 204 © 62
..... B0 e enag e 33 108 235 283 213
Eogandand Walen TIITIITIET a2 sy sz s o
New Zealand. . ... .. ... . _..... 4 168 466 835 ' 326
Engiand sl Waies e meeean 132 4066 | l 1,072 I use H27
i
Now Zealand. .. ................_... 43 287 | 732 1,014 | 735
Engiand and Walea. . .. oooinemanaae.. 166 ; 781 { 1,682 . 1,857 ! 1,073
New Zealand .. ..o, 61. 305 1,027 1,456 ‘ 1,110
England and Wales. ... ... ..., 175 858 [ 2,171 2,850 ‘ 1, 68%

| . !

Table 16. Obscrved and cxpectesd mortality from cuncer of the Junk soccurding to pluce of hirth,
New Zealund or the Uniled Kingdom (Eastoott)

Age at entry to United Kingdom
: Qlworved Expected Under 30 30U and over
Place of birth deaths doathu
Obmerved Expeewd Qlmerved Lxpeeted
deaths deaths deaths deaths
Now Zoniund .. ... ....... 632 k1 U . 2 P I AN e
United Kingdom __._...._.. 36y 279.9 201 220.2 1687 13v. 6

Nora: The significance of the differenco betwoen obsorved and expected desths in the two countries s p<0.001.
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Figure 6. ‘Treads in selected envis wul fuctoes, Loitod Stales, 1900=53 (Hammond).
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ratio of lung cancer (1:0.7) among Mexicans
living in Los Angeles, as well as the ratio of
2.5:1 for asbestosis cancers (Merewether), do
p~* support the view that women hsve any
i sonal protection agsmut, the action_of en-
virommental respiratory carcinogens if identical
conditions of exposure prevail.

The claim that squamous cell carcinoma of
the bronchi is in any specific way relsted to
cigarctic smoking thus may be laid to rest,
since no special histological type of brchhio-
genic carcinoma bears any consistent oonnecuon
with any of the recoguized mﬂpu'nmry car-
cinogens.

Finsally, it msy be mentioned that there does
not exist any paralleliam between the annual
per capite consumption of tobacco in different
countries and their respective pulinonary cancer
death rates (Herbich and Neubold; Gilliam)
(fig. 5). It has been calcuisted that the English
lung cancer rate is apparently double that of
the United States, although the English smoke
30 percent fewer cigarettes per capita than
Americans. This intarssting and perhaps sig-
nificant obsarvation, which fails to support the

Public Health Monograph No. 36, 1955
348104—85——3

1930

1940 1850 1960

validity of the cigarctte theory, is disposed of
by i proponents by assuming thit exposure
to cigarette tar is leas sever: for Americans who
do not smoke cigarcttos to the very end than
for English smokers who, for economic reasons,
indulge in this questionable babit.

Recent epidemiological studics of Eastcott in
New Zoaland provided the most important data
on this point. It was found that the relative
cousumpiion of tobaoco in pounds per hicad-year
for the population of New Zealand and the
United Kingdom revealed an inverse relation to
their lung cancer death rates (tables 14 and 15).

Easteott, morcover, found when comparing
the obwrvod number of lung cancer deaths with
the expected number for nstive New Zealanders
of British extraction and for immigranta from
the United Kingdom that the immigrant group
meets with & much higher incidence of broncho-
genic cancer than would be nxpocted on the
baais of equity, suggosting that the immigrant
has an incroased suscoptibility to lung cancer
(table 16).

The chances of dying of cancer of the lung
are 30 percent higher for all United Kingdom
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immigrunts, but for those whio were 30 yeurs of  lung cancer mortality for Upper Austris ang
age or more on entoring New Zealand, the risk  Kaernten, on the one side, and for Steiermark
is 75 percent higher, uccording w Kasicoll.  and Tyrol, on the other side, although in ali
Differences in hinbits of tobacco smoking are  four provincos there prevailod approximately
unlikely to contribute to this picture, in the  the sume per capile consumption of cigaretips
opinion of Eusteott. These suthors suggoested that the high lun:

Herbich and Neubold pointed out that there  cancer mortality among the people hving in the
did not exist any consistent proportionnl fre-  marginal regions of the northern slope of the
quency between cigarctie consumption and  Alps might be related to climatic-atmosplier:c

—=

quun' 7. Rine in -nmmi peruduction oe ption of lated ismdustrial chemicals between 1900
j— and 1943.
PRODUCY - ('] 134
L SITUMNS COAL =PRCDUCTION IN U.S.
-_ ME_LION.
— & FUEL BAQULTS - TUTAL PRODUCTION,
- THOUSANDS OF NET TONS
= 3 CARBON BLACK = MRODUCTION IN
- , MILLIONS OF POUNDS
4. PETROLEUM -~ PRODUCTION OF CRUDE PETROLEUM,
i MLLIONS OF BARRCLS
S PLTAOLIUM, AS’H;LY - PRODUCTION OF ASPWALT
= ROM _ PET ROLEV THOUSANDS OF
ront "Fona-tUM:
6 COAL TAR- PRODUC T = THOUSANDS OF
— mm
7. 1SOPROPANOL ~ PRODUCTION = THOUSANDS OF
POUNDS
T 8. ASBLSTOS - APPARENT CONSUMPTION,
r— — THOUSANDS OF SHORT TONS, (M YRBK -188)
9. ARSENC - PACOUCTION AND IMPRORT S,
THOUSANDS OF SMORT TONS
©. CHROMITE ~ TOTAL SUPRLY, THOUSANDS OF TONS ?I.
'
6 r— SOURCE “MINERALS YLARBOOK, 194% ) :

14 ' Eavironmental Causes of Camcer of the Lung




Eae o F

I

conditions und o the direction of prevailing
winds, which bring the industrially polluted
air of Viennu int the valleys of thie northiern
Alpinc regions.

“uilar observations on the influence of the
P .dling winds upon the relative frequency of
lung cancers in different arcas of the English
Midlands were reported by Stocks. Herbich
and Neubold, morvover, found that the lung
cancer mortality rutes were twice as high in
communities located along —main highways,
where the atmospherc was polluted with exhaust
fumes from gusoline and dicsel motors gnd the
dust and fumes of asphalted roads, than among
the inhabitants of villages and towns situated
remoto from such traffic arterics. In fact, the
risc in Jung cancers follows more do’cely the
increase in consumption of motor fuel and the
construction of ssphalted highwsys than the

cousuwption of cigarettes (fig. 6, MHammond;
fig. 7, Hucper) snd is sinilar o the incroase in
production of other cancar-relatod chomicals.

It is apparent from the numerous obscrva-
tions and facts of genorul environmental nature
cited that there exists an impressive amount of
circumstantial evidence of differen. character
and from various sources which strongly sug-
gosts that several, if not many, euviromnental
factors ucting in varying degroos and combina-
tions cause or contribute to the dovelopment of
pubmonary cancors and arc involved in their
recent rise in froquency. Much of tho ovidence
on hand, particularly tho irregular opidemio-

logical pattern of lung cancer, points to sa

important role which industry-relsted factors
and the growth of modern industry may have
assumed in thesc respects.

Qccupational Evidence and Respiratory Carcinogens

The concept that environmental factors cause
or contribute to pulmonary cancers is supported
1 . ~pidemiological, modical, and experimental
v Lenee obtained from analysis of Jung eancer
mlex of various occupulional population groups
as well as by studics of lung cancers and their
spocific and different causal agents present in a
number of restricted worker groups and i
well-defined industrial operations. B

Epidemiological Data on Large
Industrial Groups =

Epidemiological studies on the frequency of
lung cancer among members of large industrial
groups and trades havo brought w light the
existence of markod variations in the liability
of porsons cugaged in diffcrent occupations to
cancer of the lung. Tsbles 17-19 supply
striking illustrations of those differonces and
list some of tho factors which may possibly be
responsible for them.

Tablo 17, which lists lung cancer death rates
for seven industrial groups in Ohio, shows &

Public Health Mowegraph Ne. 36, 1955

striking difference between tho rates for agri-
cultural laborers and for employees in the non-
forrous motal industry, with rates for trans-
portation workers occupying a position directly
behind the rates for nouferrous motal workers.
1¢ seans Lo be characteristic of inbabitsnts of
sgricultural arcas to rank first in death rates
from cutancous cancer and last in rotos for
pulmonary cancer. This is in accordance with
the relationship botwoen solar radiation and

Table 17. Lung cancer death rates por 1,000 deaths

from -ll uu-e- for 7 industrial groups in Ohio,
5,309 )

™7 (M
Industry Dr:;h

Nonferroux metal. ceee e enecnereneaennen 323
‘Urnisportation. ... ... b 9
Rubber and plastios. . - 334
Jron and stec)......... 218
Miniug and qUAPTYINE . o oo oeoeceneaanaen 1. 53
ARRCUILUI . . e enicccaiaccarccmaaan .82
Bwue, clay, glad. .. .coceeereearncacan . 06

TOW. o eicecccceccceecnnaen 1. 76

[
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shire cancer_and the relationsiip between Jow
concentrations of carcinogenic air pollutants
and lung cancer.

Nonferrous metal workers, on the other Land,
often have contact with dust, fumes, and vapors
of some carcinogenic metals, such as chromium
and nickel, or with amsenicals which are inpur-
itics in many nonferrous metals (copper, zinc,
silver).  Trunsportation workem are exposed W
the exhuust from gasoline and diesel engines,
petroleum lubricants, and dust froin asphalted
roads. The relatively high death rates of
workers amployed in the rubber and plastics
industry may possibly bc attributable to the
use of coal tur, petrolcuin oils, and tars, furnace
black, mineral pigments of carcinogenic chemi-
cals, and aromatic amino-antioxidants usod in
the production of rubber and plastics.

The actual discrepancy in the lung cancer
linbility between operating and nonopersting
raiiroad workers is even greater than is appar-

ent frome the figuees Bistesd i wble 1S, The
employment ratio of operating to nonoperating
railroad workers in onc of two large railroad
companicswas 1:4. From this ratio, it appears
that, on the basis of the crude, nonstandard-
ized (sex, age) figures presented, about 75 per-
cent of the lung cancers in railroad employoes
occurred among tho operating group, which
supplied only 25 perceut of the total number of
cnployees. Opersting railroad workers  in-
cluded engineers, firemen, brakemen, conduc-
tors, switchmen, and roundhouse personpel,
that is, workors oxposod to the inhalation of coal
so0ot and oil fumes from diesel eangines and fuel
and lubricating oils, which eontain carcinogenic
polycyclic hydrocarbons.

Dunner and Hicks rocently called attention
to two additional worker groups, boiler scalers
and grain dockers. In the experience of
Dunner and Hicks, those workers showod an

axcessivo liability to cancer of the lung. Twen-
Tnblj&l& Frequency of lung cancer among opersting and nonoperating railroad workers
- ' . Type of railrosd wourker
- . ) Toal |
Raiiroad | Period lung i Opcrating Nonopersting ' Undetermined
s cancem
1 i
— ll Number } Pereent | Numnber : Pervent ; Number ! Percent
{ i ! §
Aeoeeeaaesl .| 1940-50 % 241 83 ! 5 t 17 e [
- TN 193949 104 59 57 15 § 14 30 ‘ 29

Tabic 19.

Occupsliviul groups with exoossive incidonce of lung cancer

Occupational group

Potential rospiratory carcinogens

Investigator

Meta! workers, welders, mnctal grind-
ers wnd polishors, wire imakers, tonl
and dic mskers, foundry \\'urkcn
metal moulders, "lathe wuorkerx, eLe,

Cigar manufacturers and tobaceo-
nists.

Enginecrs, mo?ﬁumz machinists,
plumbers, cranc oporators in minclt~
o, vic.

Painters, GOCOTRLOMS . - - e eceeeeen

Tar workers, road workers, asphalt-

o, paviourx, stokom, patent fuel nOUGL.
workemn,  fornsee  en,  fouuiry
sic,

Mctal pigments, coal tar dyos,
carbon biack, asphalt paints,

_ molventx, vehiclos (lscquers, ros-

- inm, xynihotic ploxtics).

Tar aud pitch fumos and dust,

Metal dust, lubricating oil mist....| Kennaway and Kcnnaway; Turner

and Grace; Malier; Dublin and
Vanc; Wynder and Graham; M-
Laughlin; Broslow and associates.

Tobaceo dust, insocticidos, soot. .| Seyfsrih; )\cnmwn) and Kennaway;

ineer; Verduys; Brinkmann.

Metal dust, soot, lubricating «il...] BECC: 1944 and 1952; Gillespic;

Turner and Grace; Moller; Wynder
and Grahsi.

BECC ! 1944; Maglicr; Dublin snd
Vme, Fulton. Wynder axd Grs-

Kcnnaway and XKennaway; Fulton;
Bl'.(‘("l 1052; Rogistrar-General
(103X} ; Hclaughlm

! Jtoport of thy British Faupire Cancor Cannpaign.
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ty-four lung cancer cascs were found amoug
5,000 dock workers at Hull, England, of whom
2,500 were exposed to grain dust. There were
10 boiler scalers with lung cancer. With the
excoption of 1 boiler scaler, none had any
rudiologicul cvidence of pncwnovoniodis and
only 5 had a slight degree of pneumoconiosis
upon histological exumination. No lung can-
cers werc observed among dockers who were
not exposed (o grain dust. It may be possible
that boiler scalcrs sustain a carcinogenic expo-
sure Lo chromate-contsining scale, if chromaus
were used as snutirusting agonts, or that those
workers sustuin & pulinonary deposifion of
iron oxide. Whether apocific vegetable matter
or somo carcinogenic contaminant of the grain,
such as residuce of chemical fungicides or other
procossing or proscrving agonts, sccount for

Public Health Momograph Ne. 36, 1955

ASBESTOS (?) -

. NASAL SINUSES
LARYNX

ISOPROPYL it (')) .

the sbnormally high fioquency of lung cancer
anong gruin dockers s at presout & mostier
for spoculation.

Mention also may be made of thie recont
obscrvation of Faulds on the cxcessive fre-
quency of pubinonary cancer among English iron
orc workers cmployed in mining sctivitics at
two differeol Jocations. Nocropsice porformod
on these miners during 1932-53 showed 8 lung
cancer incidence of 9 percent (192 nocropsics
with 17 lung cancers), while post-mortem ex-
sininations done on 2,378 males of compuruble
age who weore not cmployod in thoss mince
revoalod thut ouly 44, or 1.85 percent, had
prinary lung cauncors. It is remarkable that
there did not exist any parallclistn botwoen tho
degree of pulmonary fibrosis observed in the
irou miners and their Lisbility to lung cancer

17




(degree of fibrosis in cancecrous lungs, 1 plus;
in tuberculous lungs, 2 plus; in fibrotic lungs
without cancer and/or tuberculosis, 3 plus).
The absence of a posilive correlation between
pulmonary fibrosis and lung cancer was noted
when the evidence on lung cancer among the
radionctive ore miners of Joachimsthal and
Schnecberyg was analyzed (Hueper).  Although
the actual causal factor responsible for the
lung cancer among iron ore miners remains to
be determined, it may be mentioned that Levin
and his co-workers recently recordod a positive
statistical correlation between an ocecupational
exposure Lo iron oxide and heat and cancer of
the lung.

The studica of Breslow, Honglin, Raamussoen,
and Abrains on 518 histologically proved cases of
lung cancer in California suggesied the existenco
of an increused lishility w0 Jung coancer for
members of the following occupationn) groups:
welders, sheet metal  workers,  swewsnfitbens,
boilermakers, crane operutors, and nonferrous
metal smelter workers, that is, individuals who
are exposed to nietal dusts and fuines; oilers, oil
ficld workers, wipers, and marine engineers, who
have vontact with oil fumes, mists, and sprays;
asbestos workers; construction and maintensnce
painters, who inhale vapors or various organic
solvents, resins, lacquers, plastics, and rubber,
us well sa finely dispersed inorgunie und orgunic
pigments (chromium, nickel, copper and arsenic
compoutds, carbon blaek, aniline dyes); and
commercisl cooks exposed to fumes und misis of
overheated vegeltable and aninal fus wsnd
mincral pan grenses,

A recent study of the eauses of death of the
members of the International Photoengravers
Union ruised the suspicion of an exconsive g
cancer liability for members of this occupational
group.

From the different lung cancer death rates
listed for the various occupational groups, it is
obvious thot tho toial number of workers
possibly exposed to occupational carcinogens of
known or still unknown nuture is evidently very
large and compriscs workers cmployoed in busic
ald processing ihdustrics, colwtructioli, Lrunhs-
portation, services, trades, luboratorics, und pro-
fossions (fig. 8). It is, on the other hand,
oqually clear that the quantity and quality of

information available on the occupatonat
aspects of lung cancer causation are deplorablv
defective because of an absence of extensive and
prolonged analyses of Jung cancer deaths ameny
various industrial groups for specific causil
fuctors. The evidence on hand nevertheless 1~
adequate for damonstrating that the wide varia-
tions in lung cancer frequency appuremly
existing between different industrial population
groupe are avtributable o differences in more or
lcas well-definable occupationa! exposures and
not to dilferences in elgnretic amoking habits,

Occupational Respiratory Cancers
and Carcinogens

Conclusive evidence of the existence of
exogenous ‘arcinogens and environmental re-
spirutory cancer hazards is provided by the
opidemiological, modical, and experimentaldata
concerning  occuputional respirntory  conecrs.
A general view of the occupationnl respirutory
cancer panoruma, including causal agents, and
orguns affected is presented in table 19,

Secope of Environmnental Iuny Cancer Hazarls
An indiscrininute sceeplance ol the figures
given in table 20 as reflecting the actual scope of
these identified and recognized respiratory
cancer hazards, however, would be scriously
misleading, dospite views expressed by soveral
protagonisis of the cigareetle theory (Ringeriz;
Wynder sud Grohamn; levin; and others).
Although a definite demonstiration of specific
occupational lung cancer hazurds has ® far
been made for ondy relutively restricted worker
groups, the ovidence on huand is not only un-
equivoent but abso indientes that other worker
groups exposed to the same causal ugenis or
subjocted to identical or similur working condi-
tions are subject o the same buzardg. In
contrast 1o the apparcutly low carcinogenic
potency of the suspecued, but unidentified,
agent presumably contained in tobucco smoke,
the occupational roespirutory carcinogens -arc
evidently highly potent, us shown by thoeir high
respiratory canieer sttuck ruws (table 21).
Since environmental carcinogens have been
sbown 1o produce concers wherever they operate
in wdequute intensivy und duration, und con-
sidering the fuct that muny of the occupationul

Exviroamaentsl Causes of Camcer ef the Lung




ndustry -
rcluted generul atmospheric pollutants, it muy
justly be ussumed that these pollutants repre-
sent the cuuse of a significant portion of lung
erors wimong members of the general populn-
L especially those who live and work in

res[nuralory  cRrCHREIS - 0ceur s

highly industrialized ureas,

‘Table 20.

The approzimate seope of occupational ex-
posures W the various repirslory carcinogens
may be ostinaied from duta supplied by Bloom-
field und bis co-workers. From u survey of
1,503,204 workers anployod in all industrics of
10 States, it wus found that 7,976 were exposed
to fumes sud dusts of chromiw con pounds und

Uccuputional respirutory are.im%e’n- and cuncers recuniod during punt 75 yours, their cuuses, sites,
and num

Number of rocordod cuscs

, - | i
A T i % Yonr dline ¢
xent ' Site of cuncer o~ i
| — covovered | anied | Other Total
! ; ! % Ntutow ocountries
K T I PN ) Lung.... e f 1930 f 7 16 l 23
ARBSUOR . . i iiaiei i ceeee®0i e i iaieiaiacaaeas 1934 22 74 9%
Chromatos. ... .o iieiceeaalOi L ;oo1es2 I 75 5 140
Niekeloooo oo i acoan [ 1 N 1932 | [} 4 B4
| Naresand nasalsinus........... jrmeezzaann ' 0 514 51
Conltar.o. .. ... .ooa.. AT T S P . 1930 l 0 5 A3
Petroleumoils .. ... ... Lungandlarnyx. ... ........ 1936 7 33 i 40
Tsopropyl oil yoo ! 1 0 1
4 0 4
Y 13 0 6
Radioactive chiemicala_ . ... ____ D 11117 AP 187 | 0 625 ¢ 625
‘ \mlumuu--. - cmaenn 1931 | 3 0, 3
Total oo . e SR 128 1,000 1,120
Table 21. Hespiratory uncer sitack raies, by environmental earcinogens
jf ! Attack rates
" Incidencein
Carcinogen Sitew of eance population  Pereent Rate poer 100,000
ut rish +oofull
- ! eancer | |
i deaths , Morhidity ; Mortulity
Aromatic hvdrocarbons: ' i ' K !
Coul turfumes....o__..__ 500:100. 000 45 ... Jomee o e eeeceaoae
Petrolewsn oils. .. ... ... ung 2,000:100, 000 85 eeeeae- fememcacccccmcaneeann
Carbon and silicon polymers: P ! — ' . 345 !
: ‘[Paranasal sintises, . 134.5 ( nor-
Isopropyl ol .. ... { Inrnys. — }} 16:100 .. ... mal .5)., |ToccoretesoToesmosss
Anbemton. ..o L b e e iah et e ecmgecan fmaten cee o . o] (13.2-20 pereent -
- . bowtosis  autopsiod
I (0.8-2.4 percent
B \ 1 normal)).
Meotals: | : |
Amsenie. oL o... ) T 1Y U SO SN IPRP SUR 145.7lu)mluu (10.9 nor-
il
Chronmtes. . oo oonen ) PTTIY SN FR O S (42X nor- =338
| wmal)
Niekel .___._._____..|[Naree, paranssl ] 520.100,000 \.....oocfesicoenioocleioiiiiie,
un, 574:100, 000 I ........ (20X MNOPe feacceecccraaeaneann
B-mcoceronnas , saul).
Tonizing rudistion:
i iveorcs. ___.__... Lung. e eeecnace]erocacana weccnfrecsccca]eacacacaacan (50-~%0 peroent of all
douths).
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3,350, 0 fumes and dusts of aswenieals,  For
indusirial workers of all 48 States, respiratory
health hazards existed from the inhslation of
dust, fumes, mists, sud vapors for 35,000 indi-
viduals emploved in sabeswos operations, in
33,000 baving conwuct with arsenicals, in 240,000
inhaling various types of mnetal dust, and io
2,500,000 haviny cutancous, respirutory, and
Hyeslive expusires W various conbusiion and
distillation. pmducis of eonl tar, pitch, croosote
oil, soot, unid 1o potroleun: fuel oils und lubricut-
ing oils, greuses, and cooling oils, to name o few,

The highly defective stute of knowledge von-
cerning the actual number of occupational respir-
atory capcers is, morcover, demonstrated by
the fact that inforination on the exiswence and
number of such cancers in specific industrial
operations with rocognized respiratory cancer
hazards is distinctly spotty, not only as to data
available from different countries but also
concerning those on hand from identical opera-
tions of the swme country.  The following ob-
servations may illustrate this point.

The existence of an excessive liability to can-
cer of the lung from an inhalation of coal tar
fumes by retort attendants of gas and coke
oven plunis hus been established by o fow re-
ports from Jupun, Caunada, and England,
Apart from these isoluted data, no others are
available for similar operutions from these or
any other highly industrialized countries (Ger-
many, United Sistes, Frunee, Jly, Polund,
Rursin).  Likewise, there is no oflicial peeord
available concerning the occurrence of reapir-
story cancers among carbon electrode makers
and ottendanis in aluminum nanufucturing
plunts, where workers hocome exposed to dust
snd fumes from the pitch and petroleum asphalt
in the electrodes, and where, according 1o in-
formation availuble from four dilferont countrios,
tr and sasphalt cancers of the skin have boen
obscrved as the result of such contucts.

It is, moreover, surprising that data on the
occurrenee of lung caucers among producers und
users of arscnical insecticides have been ro-
porux] almost exclusively from Europe, al-
though the United Ststcs has boen for many
yoars the main producer and consuiner of those
products. Similurly, reports ss Lo the existence
of respirstory cancer hazards from an occupo-
tional inhalation of misws and fogs of lubricating

and cooling oils have o far wwlly ongated
from Europe, despite the fact that Amencan
industrics offer ample opportunities for identica!
exposures, that an excessive liability to lung
cancer has been noud for paraffin pressers ofn-
ployed in oil refinerics, and that the survey of
ouc oil compuny hus shown that there wus a
marked predominance of operating refinery
workers among the lung cancer viclms of tlus
particular orgunization.

Finally, attention may be called o the fuct
that the entire ovidence as W the exiswnce of
lung cuncer huzards for radiouclivemore muners
has come from the observations made in Schnee-
berg and Joschimstbal. However, mining of
uratium orcs has been carried on for 10 w 20
years in the Congo, Canada, and the Uhnited
States and cxtensive milling operations of the
African ores have boen conducted in Belgium
for mavy yocars without any official record of
similar rospiratory complications among the
workens cimployed.

Additional incompleteness of the existing rec-
ords on occupational respiratory cancers may
be rolated to the possibility that pulmonary
cancers may bhave their causation from agents
entering e body by an extrarespirsiory route.
While all known respirstory carcinogens arc of
environmental origin and are inhaled as air
poliutants, there exists some suggestive occupa-
tional, modicinal, and experimental evidence
indicating that agents introduced by other
routes ey be effective in eliciting lung canceers.
Several cascs of lung cancer are on record which
developod after an oral sdministration of ar-
sonicals and which appeared in individuals with
arscnical dermatoscs and skin cancers (Neu-
bsuer). Lung cancers also have been observed
in somc aniline dye workers suffering from
primary occuputionsl bladder cuncer (Miiller)
following prolonged cutancous, ingestive, and
ruspiratory oxposure to dusts and vapors of
ceriain carcinogenic aromatic amines. The
powsible scientific snd practical significance of
these findings is suggested by the experimental
observation of Jung cancers in 10 percent of
rata givon the potent carcinogoen, 2-acctylamino-
fluorone by an oxtrurvepirutory roule (Biel-
schowsky). A cutencous as well as parenteral
introduction of coal tar and soveral polycyclic
bydrocarbons as well as of urothane resulted in
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4 precocious appearsiice sid an ineressed nuim-
ber of pulmonury tumors in 'nice.

Pattern and Types of Respiratory Cancer
Iazards =

-« map of the distribution und relative con-
centruion of the different careinogenicair pol-
Tutants were prepured for wgiven area, it would
exlubut u sort of cruzy quilt putiern to which
the general astmospherie pollutants wotld fur-
nish the overall buckground color, varying in
depth between durker urban arcas and lighter
rursl districts.  Other types of carcinogenic
atmospherie pollutants having 8 more_circum-
seribed field of distribution would sppear us
irregulurly arranged and variously sizod and
shuped wpots and islunds of different colors
superimposed upon the generul background.
1t stends to reuson that such locally differing
expusure patterns are bound Lo exert_an ime
portant influence upon the epidemiological char-
seter wnd incidenee rates of pulinonary cancers
of vurious regions; cach one of the various
carcinogens would produce its own c¢pidemi-
ological scatter pattern showing a diminishing
sprewd of cancers from ultiple carcinogenic
pruduction foci. —

The following three main types of exposure
w cnvironmental atmosphcric carcinogens may
be distinguished: =

ieneral environmental atmospheric ox-
posures 1o certain aliphatie and  polycyclic
hydrocurbons released into the atmosphere us
incomplete combustion products of domestic
ond industrial and ship fucls, as parts of the
exhuust fuines of gosoline und diesel engines, us
abrusion producis of rubber tires, and as dust
fromn usphalied and oiled roads; exposure to
ursenicals contained in the mineral ash and woot
of burned coal und in the effluents of certuin
metal smelters, and related o the large-scale
use¢ of arscnical pesticides; and exposure to
rudiosesive material oither naturally released
from tho soil und from bodies of water or pollui-
ing the stmosphere as tho result of nudlear
explosions. '

2. Special and locally restricted stmospheric
exposure to earcinogoenic pollutants of thoe uir
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oxists i the viemity of nonferrous wewl snelt-
crs releasing in their offiuents snd from their
slug heaps funes und dust contsining nickel,
arscnicals, chromium compounds, and berylli-
uni.  Similur exposure existe i the vicinity of
carbon bluck plants, oil refinerics, tar distillerics,
gus plants, and similur industrial establish-
ments producing lage smounis of soot or other
polyeyelic hydrocarbon  containing effiuents,
and in the vieinity of rudionctive ore mills and
atomit cnergy plants.

The individualized type of air pollution con-
nected with the wnoking of tobuceo, with its
suspected carcinogenic huzand o the lung in
the spocisl form of ciguretie smoking, may be
included in this type of cxpodure 1o atmoapheric
COrcinogens.

3. During tho last 75 yoan, an incroasing
number of specific chemical and physical agents
have cither definitely boen recognized or are
sirongly suspected of being responsible for the
appearunce of cancers of the nures, purangsal
sinuses, larynx, und lung among members of
certain occupational groups.  These specific
occupational exposures arc sasociated with the
inhialution of coul tar and pitch fumes und dusts,
mists and fogs of petroloum derivatives, soot,
vapors of isopropy! oil, that is, the crude liquor
from which isopropyl alcohiol is distilled ; arsenic,
nickel, chromium compounds, asbeetos, and
ioniziug rudiution. Since the availubls evidence
extablisher such carcinogenic connections with
only some, bul not with ull, inhalants, such us
silica or coal dust, it is apparent thet carci-
nogenic sctivitics are not associated with all
stimospheric pollutants.

Oecuputional Respiratory Cancers

The respirstory cancers of recognized or
strongly suspected occuputional origin are im-
portunt, not only us industrinl cliscuse manifes-
tations but also as prototypes of ctiologically
and topographically identical cancers affecting
workems in other, similurly hazandous vecupa-
tions as well as of thoss cancers involving an
indefinite portion of the general population sus-
taining for cnvironmental rousons oontacts
with the saine industry-rolaied csrcinogens.
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Phywicochemical State of Atmospheric Carcine-
gews and Topoyraphieal Distribution of
Cancers in the Respiratory Troct

In agreement with obscrvations mude as to
reasons for the topogmphieal distribution of
environmental cancers in other duct sysiwems
(urogenous and slimentary canal), respivsiory
cancers of environmentul origin are preferubly
occupying sites where (@) the llow of the inhaled
polluted air isTinterfored with, that is, in the
normat narrows of the respirutory tuet, such
w8 the region of the nusal turbinates and the
larynx or its bronchial bifurvations, or (b) where
the respiratory truct forms dewd end saccula-
tions, such as_the paranusul sinuses and the
peripheral bronchiolar regions of the lung, in
which inhaled “carcinogenic matter may accu-
mulate, condense, and precipitate.  The traffic
pattern of air pollutants in the respirstory truct
thus corresponds o the distribution patiern of
respirstory  cancers  clicited by atmonpheric
carcinogens.

The second principal factor which determines
the localizationn of an cnvironmental eancer
within the diffcrent sections of the respirutory
tract is represented by the physicochemical
status of & particular carcinogen, since this con-
dition largely influences the site or sites of chief
exposure to an aitmospheric carcinogen. Car-
cinogenic dusts consisting mainly of course
particles are muinly srrested in the nares, where
they causc cancers of the turbinates. The
nasul cancers obscrved among copper-nickel
matte refinery workers inhaling the coarse dust
of the roasters illustraic this interrelation.

The excessive incidence of lurynx cancer
among mule spinners ivhaling carcinogenic
shale oil sprayed from the revolving spindles
likowise provides another example of this mech-
anism becausc it is likcly that the relalively
large droplots of this oil are arrestod in the upper
poctions of the rvspiratory tract, muking the
narrows of the larynx the purt of main exposure.

Dusts or mivis composed of particles having
s diameter below 4 microns, on thio other hand,
penotrate into the dooper pariws of the respira-
tory system and therefore aro mainly responsible

for the cancers of the broncht.  The bronchi-
genic cancers found among chromate manufuc-
turers, asbestos workers, and coke oven and gu-
retort workers are ropresentative of this type of
exposure. Atmospheric pollutanis of gascous
and vapor types not only penctrate into the
Tungx but also into the nnsal sinuses, where ey
muy be deposited by degrudation intw solids
(rudionctive gases), by decomposition into solis
(nickel carbonyl), or by condensation and poly-
merization into liquids or solids (aliphutic epox-
ides contained in crude isopropanol liquor:.

In asscasing the relationship between the
physicochemical status of atmospheric carcino-
genic poliutants and the localization of cuncers
within the various paris of the respiratory tract, -
considorution also must be given to the fact that
gascous and liquid carcinogens may become ad-
sorbed to tho surface of carcinogenically inert
solid dust particles and behisve under such con-
ditions more like solid particles. Such com-
binations, for instance, occur in rolution o the
exposure to radiosctive gases adsorbed to rock
dust in uranium minocs a8 well as concerning the
inhalution of liquid or solid aliphatic and poly-
cyclic carcinogenic hydrocarbons adsorbed to
the surface of mineral road and industrial dust
or of carbon constituting the bulk of soot.

The first evidonce indicating the existence of
causul relutions betwoen environmental fuctors
and the development of cancers of the lung was
rocorded in 1879, when Hirting and Hesse
cstablishod the cancerous nature of the lung
discascs prevalont among the radioactive-ore
miners in Schnocberg, Saxony. This discovery,
of historical importance and great presont sig-
nificance, attracted littlo altention at the time
bocause rudioactivity was still an unknown fact
and cancers of the Jung were comparatively rare
bueforv the turn of the century and therefore of
little medical intorest.

It wus not until the third and fourth decades
of this contury that additional, well-defined
occupationnl  metivitis  and  environmenltal
ageuts were aguin rolatod to the causation of
cancor of the Jung and other parts of the respira-
wry truct, that is, the nusal cavity, paranasal
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snses, und lurynx.  Among these addivions w
the list of environmoental respirstory cancers
wore the lung cancers among chromate manu-
fucturers (1935), of usbestos workers (1935), of
v nie workers (1930), and of coke oven opera-
t (1936), the cuncers of the nasal cavity, paru-
nasal sinuses, and lung atnong copper-nickel
suwlter workems (1932), the carcinomas of the
nusal sinuses among  luminous-dial _painters
(1931), the cancers of the nussl sinuses, larynx,
and lung among isopropanol manufacturers
(1946), nnd eancers of the larynx wnd lung
amonyg workers exposed o lubricating oil
sprays or mists (1936, 1948).

Specific Carcinogens

Inorganic Chemicals

NICKEL

Nickel, one of the most industrially important
metals and principslly mined in the Sudbury
district of Onturio, Cansda, bas many uses:
alloys (iron, ccpper, chromium, aluminum,
cabult); molybdenun (employed in the manu-
facsure of stainless stecl, heat resisting steels,
forgings, casts, wires, sheets, structural shapos,
tubing, rods, bars, strips, and so on); electro-
' ting; catalysts; ceramic enamels and colors;
winls in puints snd inks; storuge butteries,
and so on. o
Exposure to nickel fumes and pickel dust of
metadlic nickel and its compounds or 0 nickel
carbonyl vapors is, therefore, frequent for indus-
trinl workers of many types and in many operu-
tions. While skin contact to nickel and nickel
sabts not infrequently results in the development.
of sn apparently allergic type of dermatitis,
inhwlution of the volutile nickel curbonyl hLus
boen responsible for an appreciable number of
acute und often fuwal poivonings. The pul-
monary manifestations (congestion, desquuma-
uon of ulveolur cpithelium, fibrinous accllular
exudation inio alveolar spaces, bronchial mu-
cosul hemorrhugres) wre appurently atiributable
o the toxie wction of fincly disperwxl nickel
formed from the disintegration of nickel car-
bonyl upon the pulmonary structurcs. Krafft
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suggested that these reactious wre the reault of
& nickel allergy having tho lung as its sbock
orgsn.

Tho first report concerning tho occurrence of
an oxcessive number of cancers of the nusal
pussages (nasul cavity and paranasul sinuses)
and of the lungs amonyg workers of -he Ciydach
plant of the lnternationsl Nickel Compauny,
locuted at South Wales, England, was madc
by Grenfell in 1932, although tho first appear-

-ance of these ncoplaams amnong the nickel
rofinery workers was noticed in 1924 (Boader).
Subscquent reports dealing with these cancers
were mude by Stephens; Amor; Cooper (E. H.);

_Carozzi; Bridge; and Moerowother. From 1923

"o 1948 inclusive, there ware roported to the

-Chiel Inspector of Factorios a total of 47 cascs
of cancer of the nosc and 82 cases of cancer of
the lung froin tho nickel works. By the end of
1048, 46 of the workers with nasal cancor and 72
of those with lung cancer had died. None of
the patients with nasal cancer and only 2 of the
patients with Jung cancer had cominenced work
in the nickel refinery after 1924, when a recon-
struction of the plunt had been carried out.
The average exposure period for the nasal can-
cor paticnts was 23 years (range, 3-26 years),
and for the Jung cancer patients, 25 years (range,
1-33 vears). No cases of cancer of the larynx
have occurred, and only 1 cancer of the naso-
phurynx was observod at Clydach.

The nusal cancers involved the turbinates,
uasal septumy, swud parunusaul winuses (eth-
moids). Of these, the majority were of the
undifferentinted cell typo (6), some showed u
squamous cell character (3), while columnar
cell carcinomas were uncommon (1). Of the
lung cencers, of which histological studies were
available in only 4 cosss, 3 were of the small
cell, pleomorphic type, while 1 was a squamous
coll curcinoma.

Similar obecrvations wore recently recorded
from & Norwegian nickel refinery, whore 3 cases
of lung cancer wero soon (Iskon). In one of
those cases » squunous cell carcinoms was
associstod with sarcoid losions.

Goldblatt and Wagstall nentioned that so
fur cancors of the respirstory tract huve not
boon noted snong the workers cmnployed at
the German nickal refinery st Ludwigshafen,
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nor s there been reported sn unusual fre-
quency of respiratory cancers mmong the work-
ors of the Sudbury nickel ore mines and smeliers
in Cunudu, uithough several cases of nusal sinus
cancers were recently scen in one Canadian
nickel plant.

Amor pointed out that the majority of indi-
viduals employed at Clydach who developed
respirutory cancers were hot cxposed o the
inhalation (i-fiuickel curbonvl but o thut of
nickel matte dust or dust from the nickel matte
rowster (ken). More recent daln conununi-
cated by Morgan confitined this obscrvation,
slthough exposure o nickel carbonyl vapors
had oceurred more [requenuly among the af-
fectdl workers thun was apparent from the
date previoualy given by Amor. The rolu-
tively high incidence of cancer of thoe naaal
cavity indeed suggesis thul o ruther course par-
ticulate dust readily arrosted at tho region of
the turbinules may have been active in the
production of cancers at this particulur site,
while nickel-containing vapors or 4 very small
particulate dust most likely account for the
cancers of the lung and naaal sinuscs.

As w0 the causative agent, various theories
have been advanced. Amor favored the con-
cept that theinhalation from arscnic-containing
sulfuric acid used in the refining process was
the active carcinogenic agent. 1t is most
unlikely that thir is correct borause the nickel
refinery workers do not suffer from perforated
nasal septa and displuy no evidence of chronic
arscnicism such as dermatosis and cutancous
cancers, which almost always have accompanied
the occurrence of lung cancer among workers
exposed to arsenical dusts or fumes (Huoper).

Amor stated that the refined nickel-copper
ores are freo from rudionctive matwer.  The res-
piratory cancers observed among nickel refinery
workers thus arc not identical in ctiology with
those secn in miners cmployed in the radioactive
mines of Schneebery and Joachimsthal.

Workers employod at the roasters, in tho
nickel carbonyl operution, and in other parts
of the plant, on the other hand, become exposod
to tho inhmlation of dust, fuines, or vapors con-
taining nickel. Nickel is the common denomi-
nator for all of them. It thus is most probable
that the respiratory carcinomas obscrved among

M

nickel refinery workers ure reaction products w
morc or less finely dispersed nickel particles or
vapors. There i8 no ovidence wvailuble, how-
over, which indicates that the inhalation of
nickel in particulate or vaporized form is uc-
companicd by pulmonary changes of & pneumo-
coniolic nature.

The concept of a nickel otiology of respiratory
cancers was tested in animals by Campbell, who
oxposcd mice to the inbalation of powdered
nickel matte and observed that these animals
had o bungz Lumor incidenco significantly higher
than that of the unexposed control mice. The
rocent experimoents of Hueper scem o demon-
struto more conclusively the carcinogenic prop-
crtics of motallic nickel. Whoen pure metalhc
nickel powder was implanted into the femora!
and ploural cavities and subcutancous tissuc of
175 ruls, cancors devoloped ut the siwe of injec-
tion in 50 of them.

Wihiether or not nickel ussunes s carcinogenic
role for cancers of other organs and followmg
oxposures by other routes is uncertain. It may
be mentioned, however, that Araki and Mure
demonstrated, by spoctrographic methods,
nickel in human and animal cancers of various
types and sites. The nickel content ranged {rom
6.273 mg. por kilogram of fresh tumor tissuc to
0.2 mg./kg.

No assessment of the degree of occupational
nickel cancor hazard can be made from the data
availuble since the number of workers at risk 1s
unknown. Likewisc, no definite opinion can
be expressed as to the possible existence and
extent of respiratory cancer hazards for persons
having for other rcasons contact with dust,
fumes and vapors contsining nickel or its com-

pounds.
CHROMIUM

Chromium as a metal, alloy, or compound is
used for many purposes in industry. It is for
this ressn that a large number and variety of
workers have contact with chromium and chro-
mium compoundsand thateven restricted groups
of the gonoral populstion may possibly be-
come oxposcd to these agents in the form of dust,
vapor, fumoce, mist, liquids, and solids (Bourne
and Rushin). Workers most likely to be ex-
posod to chromium and its compounds arc
acotylenc workers, aniline workers, bleachers,
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bluepriers, chirone workers, chronuuim plawers,
chromate manufacturers, chromite miners, cray-
on makers, dye workers, electroplaters, enamel
workers, glass and pottery frosiers, glass color-
e potwry gluzers, wurtificial flower makers,
L ery makers, linoloutn workers, psint mak-
ers, ink makers, painters, photographic work-
ok, phowengravers, polishers, printers, rubber
wurkers, steel workers, tsnnery workers, vul-
canizers, walerproofers of textiles and puper,
welders, users of chromate antirust agents in
railrond ongines, antomobiles, stean_heat in-
stallations, and bitumen and oil refinery workers.

An cnvironmental atmosphieric corntamina-
tion with chromium compounds may result
froan the relesse of chromium-containing indus-
trisl wastes of chromste plants and of oil
refineries using o chromium-containing silica
catalyst for tho catalytic cracking of oils. An
environmental spread of chromates may also
follow the use of such compounds as antirusting
agents in automobiles and for anticorrosive
coating of airplanes. Since mnnyj of the
industrially used chromium compounds exert
a eerrosive action on tissues, skin contact
and/or inhalation of such agents results in the
development of chrome uleers of the skin and
nusal septum which in turn provide definite
proof of an existing health hazard. Com-
menting on the appearance of such manifesta-

i among workers in new industries using
vuromium compounds, the Chief Inspector of
Fuctories of England and Wales remarked in
his report of 1944 that ‘‘the control of old
hazards in new industries is of interest to others
us well as to the student of industrisl health,
for it would seem that in many cases the hazard
is not recognized until damage to tissue has
been done, when old principles have o be
relenrnt and adapted w new uses.”

This reflective observation soems o be guite
appropriste when contemplsting the possible
existence of respiratory cancer hazards for
individuals employed in the numerous indus-
trial operations for which no pertinont pub-
lishid data of any kind exist at the prosent time.

The obscrvation of spparcutly occupstion-
conucctex]l cancers of the respiratory organs,
cspecially the lung, bas been limited so far
to two types of opcrations, the production of
chromuws from chrosnite ore and the manu-
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Incture of certam chirouium pygnents  (suic
chromate, barium chromate, lcad chromate).
In these operations, both water-soluble and
insoluble cliromium compounds are inhaled by
the exposed workers. The chamical nature of
the actual carcinogenic agent which is respon-
sible for the excessive liability of chromate and
chiromium color workers to cancer of the lung
in still controversial,

Although all investigutors bolieve that some
chromium compound or compounds aro causally
involved, it Jus remuined uncertain whether
the compounds suspected sre hexuvalent or
trivalent, wator soluble or insoluble, mono-
chromates or dichromatcs. Water soluble
chromium  compounds (monochromutes, di-
chromates, and zine chromsto) sre most often
incriminated.

Mancuso and Hueper rocently pointed out
that it may be more likely that carcinogenic
effocts ure eliciked by cliromium compounds
which are cither not soluble in water or are
_only slightly so, because such chemicals, when

_inhaled as dust, would be retained and deposited

in the lung end thus cxert a prolonged effect
upon the puimonary tigsucs. Such chromium
compounds prescut in ¢ chromate plant would
be represented by chromite ore and its early
conversion products preceding tho formation
of monochromates. These littic water-soluble
trivalent clromium compounds oxcur in tho
material present in mixers and roasters and
arc contained in the slag which usually is stored
for futuro use in the yard area of the plants.

Supporting this concept a8 to the chemical
nature of the carcinogenic chromium compounds
is the fact thot workers as well ss animals ex-
posed to the inhalation of chiromite ore dust
Lave not only u high chromium content of the
lungs but also un coxccesive blood chromium
level (Muncuso and Urone). Rocent experi-
monts on rais which inhaled finely powdered
chromite ore dust showod that after 18 months
s chromium level of 13.0 and 17.0 gamuna, ro-
spectively, in 100 cc. of blood was found in 2
rots studiod. This finding, morvover, dofinitoly
establishos the fuct that a fraction of the chro-
mium coniainod in chromite ore is solubilized
in tho pulmonary tissucs and discherged into
the blood.




wnd chironie gisenicmin sppests W be o reason-

able conclusion. Chest and X-ruy cxamina-
tions of 40 workers employed in an arsenic
smelter revealed a mild degree of pncwnoconi-
osis (Saupe).

Although Saupe himself did not discover sny
evidence of lung cancer among the workers
studicd—even though they often were afllicted
by hiyperkeratoses of the skin and perforated
nesal septa—he cited the autopsy observations
previously mude by Schmorl on 2 amenic
smelter workers who died from cancer of the
lung (Teleky). Fromunel briclly mentioned
the occurrence of a cancer of the lung in o
taxidermist who used an arsenical powder for
dusting the pelis of animals. Four additional
cascs of lung cancer in shoep dip workers with
arscnic dermatosis noted in one of these were
reported by Merowether, while Hopkins and
Van Studdiford obscrved in s fariner living
near a cotton field spruyed with insecticides,
arscnicul dermatosis, epitlicliomus and cuncer
of the lung. The occurrence of 5 cases of lung
cancer (Merewether; Hopkins and Van Studdi-
ford) among only 24 individuals suffering froin
occupational ersenical dermatosis and cpitheli-
omus cuused Noubauer o wonder whether this
is mere coincidence, because only 2 ceses of
lung cancer were observed among 143 cascs of
medicinal arsenic cancers of the skin (Husscll
and Klaber), or whether under occupationul
conditions the irritation of the respiratory
tract by arseriical dust wus responsible for
the phicnomenon.

Henry, commenting on the occurrence of skin
cabcers among sheep dip workers (1910-23),
recorded 2 additionsl cuses of lung cancens
among 10 such workers who had cutancous
cancers.  Ho anentioned, morcover, the pres-
ence of cancers of the left foot, ubdominal
wall, and lung in a furnaceman in a sodium
anscnile fuctory. Analyzing the mortality ex-
perionce of a shoop dip factory, Hill and Fan-
ing found that 7, or 31.B percent, of the 22
cancers causing desth among mombers of this
group wers Jocald in tho respiratory orguns,
whilo 3, or 13.6 percent, wero situaixd in the
skin. Thers were during the period 101043
a total of 75 deaths from all causes among
workors i this factory. The proportional
excess of cancer deaths was mainly attributable

W an exassive froqueucy of cancens of ihe
lung and skin, which were confined to workers
in the chemical processes snd werc abscnt
among members of the general group who would
be unlikely to be exposed to any specific hazard.
Perry, Bowler, Buckell, Druett, and Schilling
concluded from the clinical evidence obtained
that, after many years of exposure to arsenicals,
those sheep dip workersmay devolop a squamous
cell carcinoma in the bronchus.

The most rocont addition to epidemiological
invostigtions on amsenic cancer was made by
Suogirell snd Lombard in studies of cseer
deuths among employces of several metalluryi-
cal plunts of unidentified type. Of the wtal
of 109 doaths from all causes recorded during
the last 25 years, 12 ware duc to cancer of all
sites, and of those, 6 wore located in the luns,
The invertigators concluded from this evidence
that “there arc indications that biologically
the human rece mudc the adjustmont to
awvcnic in the onvironmoent and that only
rarely, when associatod with other contributing
endogenous factors such as systemic diseuse,
or possibly factors such as radistion, it may
bo capable of upsctting the biological equilib-
rium”; and furthor “Umt the haodling of
arscnic trioxide in the industry studied does
not produce s significant change in tho cancer
mortality of the plant employees; hence other
factors in addition to arscnic must be con-
siderod significant in the causal relationship
to cancer.”

In viow of the fact that 50 percent of all
eancor deaths among employees of one plant sur-
veyed were caused by cancer of the lung, the
obscrvations made in fact strongly suggest a
carcinogenic sction of inhaled arsenic trioxide
upon the tissuos of the lung of the exposod
workers. This interprotation of the data of
Snegireff and Lombard is supported by the
high incideuco of lung cancers among the
population of several counties in Montana
where copper snolters und mines were opotated
for many ycars, creating an occupationsl and
envirommnental pollution of tho aumosplicre snd
soil with arsenicals. Prolonged inhslation of
amonical dust and (umes appours 1o produce
an incrcused liability to cancer of the lung
(tablo 23).

However, the existance of such connections
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‘Fable 23. Lung cancer mortality j: several Mountlans countios, 1947=48 (Lull and Wallach) !
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3 The workers employed in copper ore mining and smelting inhale dust and fumes of arscnic contained in the
ore and reieased as & byproduct and waste product during the sinclting proocss.

should be acknowledged only when there
existod at some time clinical and, if possible,
histological and biochemical evidence of chronic
arsepicisin.  In view of the absence _of any
such evidence associated with chronic arseni-
cisin among the nickel refinery workers affected
by cancers of the nasal cavity, paranusal
sinuses, and lung, and among excessive tobacco
smokors with cancer of the larynx and lung,
it is most unlikely that exposure to arsenic
dust, fumes, and vapors plays any role in the
production of respiratory cancers in members
of these populstion groups.

INON

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

The resulting red or black sidorosis c&uwd by .

pulmonary retention of FeyO, or of Fe,0.H,0,
respectively, is considered an inert form of
pneumoconioais which does not cause disability
and which at least in part scems to be revers-
ible. The deposition of iron oxide particles
does not elicit in the lungs a progressive and
markod fibrosing rosction unless the inhaled
dust also contains silica, producing t.hen s
sidcrosilicosis. =

The coexistence of siderosis and cancer of
the lung has occasionally beon obsarved (Stew-
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art and. Faulds, 1 case; Dreyfuss, 3 cases in
watchmakers; Vorwald and Karr, 3 cases in
hemstite miners; Simons, 1 case i & blaster of
iron casis). It may be mnentionod, moreover,
that Kennaway and Kennaway reported a
2.25-fold incidence of pulmonary cancer amony
metal grinders and that Turner and Grace as
well as Campbell noted an exccasive frequency
of lung cancer among metal workars.

The most receut contribution o the problem
of siderotic cancer of the lung was furnished by
Faulds, who notoed that among 192 iron ore
miners coming o vecropsy between 1932 and
1953 there wore 17 lung cancers (8.85 percont).
Ebrhardt and Giithert, on the other hand,
noted that rod siderosis of the lung docs not
produce a spocial predisposition to lung cancer.

The uncertainty existing in this respect is
further illustroted by statistical data provided
by J. W. Brower, Deputy State Registrar,
Minncsota Department of Hoalthi, on the num-
ber of dosths from lung cancer among iron ore
miners residing in St. Louis and Itascs County
(total number of miners, 13,313) against that
of residents of Minnesota (population base,
2,982,483). There prevails & consistently higher
lung cancer death rste for iron ore miners for
the S-yoar period than that noted for Minne-
sota residents (table 24).

Experimental studies on animals exposod to
iron oxide and hematite, respectivaly, gsve con-
tradiclory rosults as to tho production of lung
tumors. While Vorwald and Karr, using guinea
pigs and rota, failod 1o obtain lung cancors with
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‘Taide 24.  Deuths duc 1o cancer of the lung among
iron ore miners and residents of Minnesota,
(Brower) 195054
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hematite dust, Campbell reported an iucreuse
in the pumber of lung tumors in mice exposced to
iron oxide over that of the control serics.

When the availsble evidence is viewed criti-
cully, it is still uncertain whether an exposure
to iron dust conveys an sbnormal liability to
lung cancer. "Although Wurren and Druke
recently concluded that the dovelopment of
primary carcinoma of the liver as & sequcla of
hemochromatosis apparently depended in part
on the intracellulur deposition of iron, such
considerations may not necessarily be applicable
to pulmonary siderosis and cancer.

However, thorough and comprehensive epi-
demiological dats on the incidence of lung
cuncer in workers exposed Lo iron dust are not
available. Hence, a definite conclusion on this
problem must be withheld. The availability of
conclusive inform;tion on this point appears 1o
be urgent, in view of the suggestive evidence
recorded by Faulds and because of the fact thut
damages have boen allowed in the past by court
sction in at least one case of cancer of the lung,
in the production or aggruvation of which the
inhulation of steel dust was alleged to huve
played a significant roie.

T BERTLLIUM

Boeryllium it & metal which has found signifi-
cant industrial use only since about 1920. ]t
was not until sbout 1940 that berylliwmn and it
compounds  were  extwensively cmployed  for
numerous purposcs sud products (beryllium-
copper, beryllium-wluminum, and beryllium-
nickel alloys, glass, phosphors in fluorcscent
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lumpw wnd neon tubes, wtomic energy products,
ceramics, refractorics, X-ruy tube windows,
vitreous enamel, rudio tubes, textile fibers, gus
muntles). It is cvidently for this reason thut
untowurd effocts in persons exposed o the in-
halution of dusts snd fumes of beryllium snd
its various compounds have been recognized
ouly during the lust decade.  Those munifestu-
tions were of both acute and chronic nature us
fur as the respiralory organs were concerncd
(scute berylliun pneumonitis, chronic pneu-
moconiotic grunulomatosis, berylliosis:. Some
investigators used the term ‘“‘sarcoid” in de-
scribing the histologicully peculiar, pulmouury
manifestations. It is remarkable morcover,
that chronic berylliosis has appeared not onlv
wnong exposod workers, but sleo umouy per-
sons living in the neighborhood of fluorescent
lump fuctorice and inhaling their beryllium-
containing offlucnts (Eiscnbud, Berghout und
Steadman; Eisenbud, Wanta, Dustan, Stead-
man, Harris, and Wolf).

Similur observations on occupational beryi-
liosis were reported from Germany, Italy,
England, Russia, and Canada. Not nfre-
quently, similar granulomatous lesions have
boon observed in other parts of the body after
the usually traumatic introduction of beryllium
dust, cspecially of beryllium phosphbors from
broken fluorcscent tubes. ‘The skin of the
fingers oand bands was the most frequent
extrupulinonary location of these resclious.
Beryllium granulomas have also been found in
the nosc and in the anterior ocular structure.

It is noteworthy that beryllium spparently
once inhsled is reteined over a long period of
time ip the human body, since beryllium hus
boeu detocted in the urine up to 10 years ufter
cossution of exposeure (Klomperer, Martin. and
Yan Riper) and has beon demonstrated in the
lungs of ruts 1 year sfter the inbalstion of
beryllium oxide (Dutrs, Lorgent, Cholak.
Hubbard ani Roth) as well as in their bones
(Stokingar, Stosdman and Root; Barnes).
whero it may replace caicium. The skeleton
retains tho bulk of the beryllium in the body
(50-80 percent) il the inbaled acrosols awre
woluble compounds, such as berylium sulfure
s boryllium fluoride; tho lungs retain the
bulk of beryllium if the compounds arc -
soluble, such as beryllium oxide. Experimenis

Eavironmenial Causes of Cancer of the Lung

DUP 1142050

P —— —

B % '




of Aldridge, Burnes, and Dens, moroover, huve
shown that beryllium ions react rapidly with
certain tissue protewns and form complexes with
pinsma  proteins when  introduced into uUie
! 1. These complexos protect the beryllium
frvan betug precipitatad by phosphate jons.
The metabolic peculiuritics of beryllium com-
pottids shiain spacial mportance in view of the
fuct that Gardner in 1946 reported the produc-
tion of osteugenic surcomas in rubbils ihjoectod
intruvenously with insoluble beryllium-contain-
myg powders (beryllimn phosphute, zine beryl-
lum  silicate).  Other investigators subse-
quently confirmed these results with the same
amdd other beryllium compounds (berylium
oxide, beryllium silicate, metallic berylium)
introduced into rabbita by the intravenous or
respiratory routes (Sissons; Barnes, Denz and
Sissons; Hoaglund, Grier and Hoo«l; Nash; Dutra,
Largent, and Roth; Barnes). The preparatory
period for the sureminus was 11-24 mounths.
Commenting on the succeasful production of
osteogenic sarcomaus in rabbits after inhalation
of beryllium oxide, Dutra, Largent, and Roth
noted the fact also that the bones of persons
dving with berylliosis contained not inconsider-
uble umounts of beryllium. They came w the
fol@wing conclusions: “During the last 20
veam, considerable numbers of persons have
be-n exposed to dusts of poorly soluble com-
i ds of beeyllium in various industrics
throughout the United States. Despite the
fuct thut cuses of cancer of this type have not
been reported, it is possible that the inhalation
of poorly soluble compounds of beryllium may
evontuate in ostcogenic sarcoma in man. Pro-
sumably, the incubation period of such tumors
would be considerably longer in man than in
rabbils, aud observalious ipuy be roguired
over a period of yoars before it will be known
whether persons who bhave been exposed o
beryllium are prone to hsve such tumors.”
Barnard also suggested that osteogunic sar-
coma from compounds of beryllium “might
poasibly be onother industrial hazard.” So
far, only rabbits have responded with the devel-
opment of ostoogenic sarcomas following the
adinioistration of baryllium compounds. The
diroct introduction of powdersd beryllium metal
into the fomoral cavity of rats, into the pleural
cavily, and into the paranasal sinuses failed to

Public Health Monograph Ne. 36, 1955

chicit o single nevplustic respoise at the site of
injoction in any 1 of the 85 animals used within
an observation period of 2 ycars (Hueper).
When in 1048 Hucper proposod that the
sarcoid pulmonury manifustutions of berylliosis
might be followed by outright malignant lesions
in the lungs, this suggestion was reccived with

‘u great desl of skoplicism. The rocently
reported successful production of bronchogenic
carcinomas iu ihe lungs of rats which, over
_periods of more than 1 yoar, inhaled dust of
“soluble and insoluble berylliun compounds
“(Vorwald), however, makes the appearance of
such delayod malignant soquelac in man a
distinct possibility, cspocially ss soveral casce
with coexisting berylliosis and cancer of the
lung have rocently boen observed (Kahlsu).
In view of the cetablished occupational ss well
as goneral covironmental occurronce of human
berylliosis, it may bo pointed out that the dis-
covery and identification of this pnoumoconio-
sis was definitely facilitated by the distinctive
and definitive histological festures of the dis-
ease. If thesc manifestations should be fol-
lowed by the development of cancers of the
bones and lungs, the establishment of causal
relstious between a provious exposure to beryl-
lium and the subsequently appearing cancerous
reaction would appear to be rather easy.

The studies on the toxicity and carcinogenic-
ity of berylliin compounds indiccte that the
toxic and cancerous manifestations are to be
considered as respousce to the action of boryl-
Jium itself and not as the result of the associsted
snions of its acidic salte (Stokinger, Sprague,
and Hall). In considering possible future car-
cinomatous developments in persons with pre-
vious exposure to beryllium, some consideration
wlso muy be given o tho toxic offect excried by
beryllium on the liver leading to the develop-
ment of cirrhiosis and to an impairment of the
metabolic and dotoxicating function of this
organ (Aldridge, Barues, and Denz; Hosgland,
Qrier, and Hood).

Organic Chemicals
COMBUSTION AND DISTILLATION PRODUCTY OF COAL
The appurent innocuousnces of coal and,
poeaibly, graphite dust as respiratory carcin-
ogons is not shared by thoe incomplete combus-
tion, distiliation, and hydrogenation products
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of coul (pitch. Lar, soot, crovsute vds, anthirscens:
oils, tur oils, and highly viscous oily and tarry
fractions obtain@l by the direct bydrogenation
of coul enployed by the Bergius process). The
carcinogenic action of thesc combustion and
distillution products of coul on man and experi-
montsl animals hus been established beyond
uny doubt.  Although the bulk of the casuistic
st epidemiological human evidence of occupa-
tional coal tar and pitch eancers hus come from
England and Germany, it cannot justly be
assumod that Amnerican-inude coal tars, tar oils,
creosote oils and pitches differ fundamentally
in their carcinogenic properties from those
manufactured abroad. The exposures sustained
by the numerous typcs of American workers in
s great varicty of occupations and operations
do not seam to differ from those found for their
European oollecagues, nor arc the carcinogoenic
effects on the akin of these workors at varisnce
with Europcan observations.

However, in addition to skin contact with
these products of processud coal, there exists for
some groups of workers a considerable exposure
to thess agents in the form of dust or fumes (tar
distilieries, tar paint, shingle, roofing puper,
paper conduit, and battery case manufacture,
gas works, coke oven operations, rosl construc-
tion and repair work, roofing, brickmaking,
foundries, furnace attendance, railway engine
driving, roundhouse opcrations, pickling of
fumber, chinmey swoeeping, cork brick manu-
facture, electrolytic metal production, and soon).

Since the high boiling fractions of synthetic
oils produced by the direct hydrogenation of
coal through the Bergius process hove been
shown to be highly carcinogenic to the skin
and/or subcutancous tissue of mice and rats,
respectively, certain types of workers manu-
fucturing and using such products and inhaling
fumes or mists of theso carcinogenic potroleun
and tar oil substitutes may havo o spocial lung
cancer hazard. Manufacluring planis using
the Bergius procces have been operative for
somo 20 years in Germany and havo recently
been constructod by several industrial concerns
in the United States.

Not only the envirommnontal, but also o a
greater degree, tho occupstional inhalation of
dust, soot, and fumes produced by the incom-
pleto combustionri of coal resuits in the develop-
ment of & “soot lung,” called bituminosis,
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which 1 chutucwerized by e depusition of
fincly dispoersod carbon particles contaminatel
with hydrocarbons normally contsmed in coul
tar in the intorstitial lung tissuc. Roent-
genological changes may appear in the lungs
after many yoors of oxposurce to high concen-
trations of soot in the air inhaled. While the
pulimonary deposition of small o moderate
amounts of soot in the lungs, such as 18 com-
monly found in inbabitants of industrialized
regions, does not elicit any appreciable fibrous
proliferations, massive storage of soot particles
in the lung tissucs may finally be uwssotiated
with an increase of the interstitial connective
tissue and with psecudoglandular formations of
peribronchial alveoli.

The buman ovidence relating exposure to
coal tar and pitch dust and fumes with an
incroased lirbility to cancer of the lung is not
cxtensive ar 1 is in part controversial.

The human ovidonee relating exposure Lo coul
tar dust and fumes with an increased lisbility
to cancer of the lung is equivocel. Konnaway
and Konnaway stated that “coal tar in the
stmosphere, whetber derived from rosds, domes-
tic chimneys, or any othoer source, does not
cause an exceptionally high incidence of cancer
of the lung.” A similar statemont was made
by Hugounenq and by Husted and Biilmann
in regard to the liability to cancer of the lung
for workers employed in the tar indusury and
in the construciion and maintenance of wrred
roads. McLaughlin did not find any lung
cancer among 3,058 foundry workers subjected
to clinical and X-ray oxaminations, although
there wore 3 deaths from lung cancer among
64 dcaths from oll causes. Menz recontly
reported that of 93 workers in Swiss gas plants
who died during the 192646 period. 21, or 22.6
poreont, dil from cancor of all sites, theroby
oconfirming previous English expericnce that
workers in tar and pitch oporations have an
oxcousive liability to cancer in goucral. Iso-
lated observations of lung cancer in workers
oxposod to tho inhalation of tar fumes were
made by Koelsch (blacksmith, tar worker),
Rodanacker (briquetto factory worker), and
Miillschitzky (tar worker).

In an analysis of lung cancer deaths among
members of differcnt occupational groups for the
yoars 1933-38 Kennaway and Kennaway, on
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the ather huad, noted that wie abovesaverge
(100) huye eancer froquency existed for the
following vccuputions: gushouse workers, 129;
gas stokors, 284 gns producers, 202; pnaworks
~atie operntors, 138; gasworks superintandents,
W6 printers, 119;  chimney swoeps, 119;
usphult  workers, 164; metal polishers, 174;
painters, 129; wanners, 141; atroot cleancrs, 169;
and sutomoblie drivers, 148. They recorded,
morcover, & ninefold incrouse of lung cancer
among cmployees of a Canadion gas plant.
Additional rupperting infonnation was pro-
vided by the observations made among Jupanese
generator gas oven workers employod in siocel
plunts and wnong gsshouse retort workers in
Canadan und England (Kawashata; Kurods and
Kawahata; Cruickshank; Doll). The Japaneso
investigutors found, within a G-yeur period, 21
cases of lung cancer among geonerstor ovan

workers who were expoeed 10 the inhalation of

hat tar fumes when atoking cosl.  An oxeomsive
lung cancer rute was absent amnong workers
employed in other parts of the stecl mills. The
gencral incidence of lung cancer among the
gencrator gas workers was 5 per 1,000 workers

emploved. Scven of these 21 lung cancers .

occurred in workers aged 40 years or younger

(33 percent sygainst 18 percent in cryptogenetic

lung cancers) (Hueper). The exposure time
varied from 9 years to 23 years, the average

ing 16.6 vears. Similar observations wore
<econtly mado wnonyg Cunudiun gushouse work-
ers. Of 14 cases of cancer wnong rotort house
workers, 6 were due to cancer of the lung, 1 to

cancer of the larynx, and 1 to cancer of the .

ethmoid sinuses (57 percent were cancers of the
upper and lower respiratory tract).

It is likely that similar lung cancer incidence
rutes may exist among Amecrican tar workers.
Following a visit to a tar distillery where some
25 skin cancers und spore thun 80 piich warts
had been observed among the 300 workers
during an 8-year period, thero was found 1 case
of lung cancer. Subsequent inquiries made by
compauy oflicials brought the numbar of Jung
cancers in this and other tar operstions to 6
cases of cancer of tho lung.

From the ovidenco svailuble, it appoars that
tho inhalation of tar fumes sustained by workers
of certain operations (coke oven, generstor gas
plants, gas plants, tar distillorics) scom to have

Public Healtbh Momograph Ne. 36, 19557)7

wit eacessive hinbility W aaneor of the reespirstory
troct. It is not unlikely that o moro thorough
snd competent anulysis of the doalh rocords of
othor worker groups, which linve so fur booan found
o luck such tendancies, might extand the types
and number of tar and pitch workers having an
abnormally high respiratory cancer rate. A
recent observation of lung canecr in o worker
exposed 0 heatod pitch and asphalt points to
another source of occupatiouul pulmonary tar
cancer of definite practical importance (Patch).

PETAOLEUM, SMALE OLL, AND NATURAL GAS

The carcinogenicity of cortain high boiling
fractions of petrolcum and oil shale, as well as
of the combustion producis of somo of those
potroleum derivatives, such as oil shale snd
notural gus, havo definitely boon demonstratod
not only on cxperimontal animals but also on
workers developing cancers of the skin after
prolonged contact with thoso agonts. Known
carcinogenic chemicals, moreover, have becn
isolated from thesc petroleum derivatives as
well as their combustion products (Berenblum
and Schoental; Fiacher, Priestley, Eby, Wanleas
and Rehner; Falk, Steiner, Goldfein, Breslow
and Hykes; Waller; Robner; Kotin and as-
sociates.)

In addition to skin contact with earcinogenic
potrolewn dcrivativas many workers are also
oxposed for occupational reasons to an inhala-
tion of oil mist or fumos (workers in paraffin
prowsing operations, cortain groups of oil rofinery
workers, spinners, metal lathe workers, foundry
workers, motallurgical workoers, printers, and
a0 on). In spite of this cetablished occupational
respiratory exposurc to petroleuru and shale
oils, thero arc on rocord only three cases of oil
pncumonis among such workers, although such
conditions have rather frequently bean observed
alter repeuted medicinal instillations of minerul
oil containing nasal drops (oil aspiration pneu-
monitis or paraffinoma of the lung). In fact,
two cascs of cancer of the lung apparently
dovaloping on the buais of s medicinal mincral
oil pnoumonia have been described (Wood;
Sante).

Tho occuputional evidenco available or pub-
lishod on this aspect of cancer of the lung is
rather scanty and in part controversial. Kon-
naway and Kenuoway found s rolatively high
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ratio of Juryngesl but nor of pullionary cunecer
in mulespinners, who inhale a must of the
carcinogenic shale oil Jubricating the spindles.
Southam noted that mulespinners occasionally
develop multiple primary cancers involving
the stomach or the lung in addition wo cancers
of the skin. Scott, on the other hand, stated
thut he had not_observed a single vase of lung
cuncer among shule oil workers.

Huguenin, Fauver snd Bourdin, who anu-
lyzed aseries of 112 lung cancers for possible
etiological fuctors, found that 18, or 16 percent,
were metallurgicsl workers exposed o the
inhalation of nebulized lubricating and cutting
oils, 8 were chauffeurs, 5 were mechanies, and
1 was an engineer. Huguenin and his associ-
atee concluded that their observations indi-
cated an exceesively high frequency of lung
cancer among workers exposad Lo vaporized or
nebulized lubricating oil.  While the study of
Gufafer and Siigreaves on caneer morbidity and
mortulity among the mule employees of an oil
refining company did not reveal uny sbnormal
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, according to more recent and
scrulinizing obscrvations. Roésch  observed
three primary cancers (skin, stomach and luny)
in a paraffin worker. Toursine and Bour also
attributed  the _development of pulmonary
cancer wnong certain worker groups W lubri-
cating oil misis.  Such  exposure conditions
may sccount also for the excessive lung cancer
mortality among male metal grinders observed
by Turner and Grace.

There is, morfeover, some evidence availuble
indicating that the inhalation of mists or fogs
of ceriain processed petroleum oil fraclions also
conveys an inereased lisbility o cancer of the
lung. During & recent survey on eancer inci-
denee among employees of a large oil refinery,
the surprising obscrvations were muice that
there was not only a highly excessive incidence
of scrotal cancer amouy employees of the paraf-
fin prossing department but that incidence of
cancer of the lung was alno cxcessive,  Paraflin
presscns, who represent about one-tenth of the
total employed worker group, furnished 56
pereent of the Jung cancer observed.

Sinee 00l us % wasie or commercial product
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has been found w be carcimogenic and w contuin
known carcinogenic bydrocarbons, a thorough
and compewent survey of occupational groups
particularly exposed to the inhalation of soot
(operating railroad personnel; stokers; carbon
black manufacturers; rubber, paint, and ink
makers; painters; soot burners; printers; diesel
engine drivers; carbon elecirode manufacturers
and users in aluminum plants; smudge pot
opcrators; phonograph record makers; is an
urgent ncecessity.  The negative conclusions
reached by Ingalls as the result of & survey of
thoe carbon black industry ure bused on evidene
of dubious merits, because only 79 of the 677
ovaluated workers have been employed for 10
years or more in the industry.  Since the major-
ity of known occupational lung cancers have
s averuge latent period of over 10 yeurs,
Ingalls’ conclusions arc actually bascd on 79
living and sctive workers. It stands to reason
that an analysis of the death records of former
curbon black workers may have wld a different
story, especially if the diagnoses were based on
sutopsy findings. Such investigations would
also add o our knowledge us o the existence,
extent, and type of bituminosis which might be
oxpecled 1o exist in workems inhaling finely
dispersed soot particles.

At the present time, exposure to tar, pich,
asphalt, heavy fuel oils, lubricating and cutting
oils, soot from domestic furnaces, incincrators,
dustrinl power plants, oil refineries, steel
plants, metal smeliters, curbon bluck fuctories,
oil dumps and smudge pots, ss well as exposure
o the offluents of dicsel and gasoline engines,

represents the most widespread oceupntionsl

and environmental contact with carcinogenic
material. The specifie carcinogenic agents con-
tained in these carbonaceous matters arc certain
specific aromatic hydrocarbons, which not in-
frequenty ore attached w carbon particles giv-
ing rise, when inhaled, to bituminosis or antliru-
vosis; or they are constituents of oily matter
which, whe inhaled and retained in the lungs,
cause oil pneumoniu or puruffinoma of the lung.

Since pure anthracosis is not causally related
o cancer of the lung, the pneumoconioses ae-
companying respirstory carcinogencsis by aro-
mautic hydrocarbons do not play a primary und
cssential role in this process, although the
pneumoconioses may lower the intensity snd

Eavireamental Causes of Cancer of the Lung

1142054

r——




prolong lie duratior: of the elfect of the specific

carcinogenic chemicals on 1he lung tissues.
Since our civilization and economic lifc has
been built around the production and use of the
ic carbonuccous substances and their deriva-

..oe%, it does not seem feasible to attain com-

plete protection against cxposure o these
caremogenic chumieals with the preventive and
prophyluctic engineering and sanitary measures
pructical and ceonomical at the present time.

There is, however, no doubt that a great deal
rettins W be done in this respect. mu! that we
are still rather fur removed from luwmg the
mauximul wmount of possible reduction in expo-
sure Lo the respiratory cancer produciug hydro-
carbons contained in the various carbonaceous
substances mentioned.

Carbon and Siicon 1’olyme?

Recont studies of English mvelugnlora (Hen-
dry, llomer, KRose, and Walpole; Hendry,
Rosc, and Walpole; Haddow) have furnished
& new and intriguing coucept 8s Lo possible
combinations of carcinogens with tissue proteins
through  the postuluted  formation of cross
linkugzes between certain types of carcinogenic
chemicals and the macromolecular fibers of
chromosomes. This hypothesis was evolved
feom evidence obtained in the study of carcino-

osin by nitrogen-mustards, diepoxides, poly-
othylencimines, and reluked compounds.  in
view of the fuct thut one of the various meuns
by which these substances may exert their
specific gction in the cells is through polymeri-
zation, it is assumed that polymerized epoxide
chains might interreact with proteins or
imucoproteins of chromosomal origin, by cross
linkage with multipoint sttachment, and there-
by causc miwotlic aberrations. The initial re-
uction of onc of the epoxide groups of mono-
meric molecules with the cell component also
1may slurt o process of polymerization by being
followed by a sclf~condcnsation of the free
epoxide groups inwo a polyeu.ueneoxy-ct.ruct.um

These concepts arc important in connection
with respirutory carcinogensis  for severul
roasons. Since Oppenbecimer and associotlos;
Druckrey and sssociastcs; and Zollinger have
shown thst a parcnteral implantation of
various polymorized!  pluatics  (collophane,
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polycthylene, polyvinyl chloride, polytuctbyl
methacrylate, polyamide, Teflon, and others)
into rats and mice arc followed by the develop-
ment of sarcomas st the site of deposition, there
exists the possibility that the inhalation of
vapors, mists, and dusts of the monomers and
polymers ol these and relaed chemicals for

_ oceupational reasons may creale a respiratory

cancer, bazard o man.

The mors immediawe importance of theso
concepts, hiowever, lios in tielr application w
tho production of occupational respirutory can-
cors by u silicon polymer, usbestos, possibly
also by u carbon polymer contained in isopropyl
oil (polypropyienc or propyl opoxide). The
pmbubxht,y of such an action mechanism, more-
over, is supporied by observations of lung
cancers among Japunese mustard gas manu-
fucturers.

ASBXSTOS

Asbestos  differs froin the ordinury giant
molecular crystalline silicates not only in its
chemical and physical propertics, but also in
the anatomical aspects of the pucumoconiosis
produced by it. In contrast to the tridimen-
sionul polymerized silics crystals in which no
oxygen atoms are left currying charges to
atiract positive ions, asbestos consists of giant
fibrous molecules composed of polymerized

‘silico-oxygen wirahydra which are arranged in

_ chains or bands (Purkes).

Depeding on the
origin of asbestos, the fibrils may bo short or
long. . Italian, South Africun, snd Australian
asbeslos (amphibils) consists of fibrillur or ru-
diating crystals of calcium-magnesium silicate
or sodium iron silicalo (40 percent iron oxide).
Canadian, Russian, German, and French as-
bestos is hydrted magnesium silicate, which
contuins amall amounts of irun oxido (5.75 per-
cent). Canuda furnishes about 75 percent of
the world production of asbestos. Canadian
asbosios, bocauso of its long fibers, is ospecially
suitablo for textiles.

Doponding on its physical charactoristics,
asbostos finds numecrous uses (toxtiles, filter
wmaterial, building matorial, goskots, insuluting
wuteriul, wdsorbants, wnd so on). Some 35,000
workors in the United Statos arc cxposed to
asbestos dust.

It is asscrtod that inhaled asbosios dust pro-
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duces ushestosis only il the inbuled fbers wpe

sufficiently long. In the absenee of fibrous
structure, tho dust is said 1o be inert (Wyers;
Vorwald, Durkan, and Prutt).  Since the
larger fibrils uwre arrested in the bronchioles
(Gundner), the granulomatous reactions form
peribronchiolar fibrous cuffs with gisnt eells
and wsbestos bodies,  These have o fibrillar
corc and on iron staining proteinic or colloidal
stlicic wcid sheath, Whether the iron in the
sheathis originates from the asbestos fibers or
is derived from blood or tissue clements is
still controversial. These two obscrvations de-
scrve special mention bocsuse of tho spparent
dependence of cancerous changes in the Jungs
of asbestos workers upon tho presence of asbos-
tosis and in viow of the possibility that the
proteins of the lung tissue may specifically
intorroact with {roc groups of the filamontury
asbestos molecules (Druckrey and associstes).

The coexistonce of asbestosis with cancer of
the lung was first reported by Lynch and Smith
in 1935 (1 caso). They later recorded 3 addi-
tional cases (Lynch and Smith; Lynch). Simi-
lar obscrvations hsve subsoquently been ro-
corded from this country (Stoll, Bass, and
Angrist, 1 case; Holleb and Angrist, 2 cases;
and Homburger, 3 cases); from Canada (Des-
meules, Roaseau, Gilroux, and Sirois, 2 cascs;
Cartier, 4 cases; Rousscau, 1 case); from Eng-
land (Gloyne, 17 casecs; Harrison, 3 cascs;
Morewether, 31 cases; Cureton, 1 casc; Owen,
1 case), and from Germany (Nordmann, 2
cases; Linzbach and Wedler, 1 case; Horning,
1 casc; Wolz, 2 cases; Bohime, 1 case; Domenici,
2 cases; and Beader, 1 casc).

_Thus, there is at prosent o total of 80 cascs
of asbestosis cancer of the lung on roecord. To
this numbor must perhaps bo added tho 8 cascs
of cancer of the lung complicated by asbostosis
which Kennawsy and Kennaway discovered in
an analysis of the death certificates of males
registerod botwoon 1821 and 1938. Eleven
additional cases of asbestosis cancer of the Jung
in workers in two English plants wore rocontly
reported by Doll, who felt from his statistical
analysis that thero oxists & definite causal rola-
tion botween thosc two conditions (tabie 25).

Merewother noted that the moan age of males
with asbestosis cancer of the lung was 55.2
years (rangoe 22-72) and thst their mean expo-
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sure tune was 20.1 yeas (rauge 6—40;, whule Ui
mean age of female cases was 44.6 vears (range
32-71) and their mean exposurc time was 7.6
yoars (range 0.5-48). However, in many cases
there clapsod a long exposure-{ree interval rang-
ing from several months to 20 years before the
lung cancer became manifest (Wedler; Wyors,.

The uge distribution of wshestosis cancer of
the lung was:

€ wars uf
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Since lung cancer of unknown etiology occurs
rather froquentdy boforo tho age of 40 and since
26 porcent of the asbostosis cancers appeared
before the age of 44, it seoms that therc cxists a
moderate shift toward younger age groups for
cancers associatod with asbestosis of the lung.

The exposure time for asbestosis lung cancer,
excluding the serice of Merewather, was:

Cases of

lung
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Tho axposure time of this serics covers a wide
range (1-23 years), indicating that type and
intonsity of oxposure Lo asbostos aus well os
perhaps an individual susceptibility to asbesto-
sis play an important role in determining the
development of this pneumoconioais and thercby
the poemibility of a secondary carcinomatous
sequola in tho lung.

Thero were 37 males and 15 females among
the 52 cases for which information oo sex was
availeble. Tho malc:female retio is thus
2.5:1, which represents & marked shift toward
the fomale side whon compared with the usual
sex rastio of 5:1 to 10:1 for lung cancers of
unknown otiology. Equalization of csrcino-
genic axposurc as reproscntoed by asbestosis, for
tho two scxes, thus resulted in & trend toward
equalization of liability to lung cancer.

It is of importanco to noto that the mesn
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i Inciuding 1 case with puimonary tuberculosis.
3 Including pulmonary tuberculosis.

3 Including 2 casos (benign stricture of -aphmm and septicacinia) in which asbosiosis was prosent but was

ot thought to have been a contributory cause of des

ge of 128 noncomplicated cases of asbestosis
708 only 44.2 yoars (Mcrewcther). One may
onclude from this cbservation that some of
hose individuals appurently died from asbes-
osis before their Jung cancer had a chance w
evelop (Linzbach and Wedler). .
Additional support for a causal rehuon
-stween ssbestosis and cancer of the lung is
crived from the fact that Merowether found,
mony 266 cascs of asbesiosis observed during
924—46, 31 cases of coexisting cancer of the
ing (11.65 percent), while there were 91 cases
f b - cancer with an average age of 59.4
car .nony 6,884 casces of silicosis (1.32 per-
ent) which came o autopsy. Weadler noted
uat asbestosis cancer of the lung occurred in
4 cascs, or 15.2 percent of 92 cases of asbestosis
n which necropsies were performed, whereas
be normal rate of lung cancer in autopsy
1aterial was estimated to be 2-6 percent.
Laonza, Vorwald, Warren, and Cartier are all
uite skeptical as to the sctual existence of
n excemsive lability of individusls with
sbestosis to lung cancer, and Cureton and
[omburger are undecided on this question.
her invostigalors, however, favor this cob-
apt or considor the existence of & causal
sdution us highly probablc or established
Konnaway; Morewethor; Toloky; Nordmann;
[ueper; Gross ; Lovocur ; Smith ; Saits; Wegelin;
inzbach and Wodler; Swll Dass, and Angrist;
volz; Doll).

The histological types of lung cancers ob-
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served do not deviste cesentially in their
relativo froquency from thoso soen in cancers of
unknown ctiology. Therc were 22 squamous
carcinomas, 7 oat cell curcinomas, 4 anaplastic
carcinomas, and 6 adenocarcinomas. ln view
of the fact that one of the Norwegian casce of
nickel cancer of the lung was sssociated with
pulmonary sarcoidosis, it may be mentioned
that Skavlem and Ritterhoff reported the
combination of an asbestosis with a sarcoidosis
of the lung which, however, was not compli-
cated by s carcinoma.

Avempts have been made o refute the claim
of o causal relation betwoen ashesiosis and
lung cancer by dotermining tho {roquency of
pulmonary cancer among the total worker
population of the ssbestos industry (Cartier;
Vorwald). Such a procedure is bound to give
misleading results. It is quitc immaterial how
many workers employed in the industry develop
lung cancer, sinco an undotermined portion of
thesc workers doubulcealy sustains cither no
exposuro or only a Jow intonsity exposuro aud
thus does not develop asbestosis of the lung,
which is tho prerequisite for the subsoqueat
cancerous development. Asbestosis must be
considered as tho esscontial stigma of an effoctive
exposurc. It is, moreovar, necessary to know
the sax snd ago distribution of Lho workor
population studied and evaluated as well as to
know tho duration of cmployment snd cxposure.
A markod lsbor turnover in the industry is not
inducive for obtaining rdliable information on
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the wetual nutaber of Jung cancers and ashoes
tosis cases which may result from effoctive
exposurcs. For (hese rewsons, no definite
eonclusions can be drawn from the observation
ol Carticr, noting 8 cusc» of lung cancer wimong
4,000 workers studiced for 10 years, especially
as the frequency of asbestosis among cifectively
expustd workems ineresses with the durtion
of exposure (Béhme). Kennaway and Ken-
nuway reported Uist 8 Jung cancems may be
found—among 4,000 males of the age range
45-04 ycurs.

The evidence on hand, st any raic, Lus con-
vinced the West Gorman Government to
mako asbestosis cancer of the lung s compen-
sablc discase (Tabershaw).

Tho experimontul approuch to the problem
has so far given equivocal results. Vorwald
and Karr, using guincs pigs which were exposed
o asbestos dust, obisined negutive rusulis.
Nordmann and Sorge employed mice for this
purposc and claimed to have produced bronchio-
genic carcinomas with pulmonary fibrosis in
two mice. This observation needs to be con-
firmed before it can be accepted.

180PROPYL OIL

Through the recent discovery of cancers of
the paranasal sinuses, larynx, and lung among
isopropanol manufsacturers, the occurrence of
carbonpolymer cancers hus probably been ex-
extended to man. Isopropyl oil—the crude
liquid from which isopropy! slcohol is distilled
and which is & slightly turbid, viscous liquid,
slowly turning, upon standing, into a brownish
to blackish tarry material—contains polypropy-
lene compounds as well as propylene ether,
which may be oxidized into propylone peroxide
and propylene epoxide having a tendoney to
polymerize. Polypropyleue, merchundisod us
Opponol K, is used cominercially as an oil for
cable filling.

Workars amployed in isopropanol manufac-
ture have been exposod to tho inhalation of
vapors, mist, and dust of isopropyl oil cecaping
from leaky pipc connoctions, defective pumps,
and gasketa, or spillod on the floor at tho occur-
ronce of breaks in pipelines and during repaims
on pipes, pumps, and stills. Weil, Smyth, and
Nalo roported that, botwoen 1928 and 1950, &
total of 7 neoplasms affecting various parts of

the pespientory LRt (ueal sinuses, 45 laryny,
2; and lung 1) cune to observalion among 71
auployees, or in 84 percent of those who
worked more than § years in the isopropanol
plant.

Five additional cases were observed in
anolher isopropy| uleohiol plunt, making u total
of 12 cuscs, 7 of which involved the nasal
sinusce, 4 the lurynx, and 1 the lung. 1t was
caleulated that the incidence rate of cancer of
the nasal sinuses and larynx for the second
group was 134.5 per 100,000, against & normal
rato of 6.3, and that the incidence of these cun-
cors excecded the expected incidence 21.3 times.

From the evidence available it is likely that
thoso cancers as well as those associated with
asbostosis belong to tho new class of ‘“‘polymer
cancers.”’

MUSTARD GAB

The alleged carcinogenic action of war gas
poisoning figured prominently in the specula-
tions as to the causc of the increase in lung
cancers obscrved during the carly 1820’s
(Kikuth; Brockbank; Klotz; Derischanoff;
Hiinermann; Reiche). Residuals of warfare
gassing were noted by Matz in 10 out of 138
cases of pulmonary cancer among American
World War I veterans. Four out of 64 cases of
lung cancer, recorded by Brockbank, were
gasacd Ladly during this war. Macklin noted
that war gus poisoning occurred in 5 percent
of 164 cuscs of lung cancer among males,
while it was prosent in only 2 percent of
soldiers without this disessc. Koelsch con-
coeded that a few cases of lung cancer exhibitod
s doubtful etiological relation to war gas injury,
which was claimed to have caused also two
cancers of the larynx (Spamer; Tiley). No
distinction was made st that time as to tho
particular chemical nature of the various gases
usl during World War 1. =

Theso contentions found little acceptance at
that tim«. From s carcinogenic viewpoint,
spocial interest has to be attached to the various
arscnic-contsining gnsce, cepocially I.owisile,
and to mustard gas (dichlorethyl sulfide). The
arscnical war gascs, when inhaled, theoretically
may not only cause nonspecific chemical damage
to tho respiratory tissuce but also may produce
thero a specific delayod carcinogonic reaction,
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such us that seen exceplonally alier shin burns
with these gascs. Cancers of such an origin
belong to the group of arsenic cancers.

A possible carcinogenic action of mustard
wus upon the bronchial mucoss, on the other
aunad, may be related 1o it8 erossdinking and
radiomimetic effect, snd may be identical with
that demonstented o exist for experimental
animals exposwsl to several sulfur-_and nitro-
musiards of aliphatic and eromutic nature.
According to the mentioned t.heoreucd con-
copts, the causstive mochianism opcmuve in
these cancers resembles in some respects that
pussibly active in polymer cancers.

During the last few years, l.hroe cascs of
bronchiogenic carcinoma and 3 cases of jarynx
cancer were obscrved among long-term em-
ployees of the Japancse Army Poison Gas
Manufacturing Plant on Okuno Island, where
Lewisito und Yperite were mude.  One of these
workers was 30 yoars old and a second, 53 years
old. All threce sullered {rom chronic war gus
poisoning due to contact with mustard gas
(Yamada, Hirose, and Miyanishi). “In view of
these observations, the distinct probability of
carcinomatous effects upon the lung following
exposure o mnusturd gus or chemically related
products deserves serious consideration.

Whﬁe the fundamental concept of “polymer

cancers” is & tentative one and needs to be
upporied by additional evidence, the available
daa are sufficiontly important to require serious
atiention from botl a scientilic and, s practical
viewpoint. The rapidly expsnding industrial
production and industrial and general use of
natural and synthetic polymerized substances
aud cross-linking chemicals in plastics, films,
rubbers, rosins, adhesives, textiles, and 30 on,
brings a considerable part of the working popu-
lation into direct contact with chemicals of this
type. 1t socms Lo be advisable, therefore, Lo
study these population groups during the
coming docades for the occurrence of cancers,
particularly thosc affecting the ruptntory
systen, =
lLiadivactive Chemicals

Up Lo some 10 yoars ago, occupational expo-
sure to radiosctive agents was lunitad o relu-
tively small groupe of industrial and profce-
sional workers (mincrs and refiners of radio-
actlive ores, industrial snd medical consumers
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ol rudivuctive substatices  gus manUe manu-
facturers, luminous dial painters, radio tube
mnukend, physicists and their assistants, radiolo-
giste and their agaistants). Since the advent of
succossful alomic lission wnd the ready produc-
tion of synthelic ruliosctive substances, the
number and variety of individuals who have
occupntions! contuel with rudioselive matter
have ropidly and gresutly incroased (ursnium
and thorium ore mincrs, smelier and refinery
workers, stomic cnergy plant employecs, mili-
tary pemsonnel, and sgricultural, biological,
moedical, chemical, metallurgic, oil, pharma-
ceutical, and other industrial roscarch workers
employing radioactive isotopes, as well as
operators handling directly or indiroctly ms-
terials or technical devicos giving off ionizing
radistion, such os radiosctive static eliminators
{(Silson; Berman and Ernest; Bryan and Silver-
man), sewage disposal workers, paper and
textile manufacturers, and so on.

It is an established fact thst cancers of the
skin, connective tissue, and bone and blood-
forming organs have resultod from cxceasive
exposures to radioactive substances affecting
the organism or parts of it by various routes.
There exists u grost deal of highly suggestive,
if pot conclusive, opidemiological and experi-
mental evidence relating an occupational in-
balation of raclioactive dust and goses to the
development of pulmonury cancers. Although
oxcessive medicinal and occupe tionul exposure
to ionizing radistion (rudiwn, X-radiation)
alone may produce in man and experimental
animals a fibrosis of the lungs (Kalbfieisch;
Doenecke; Belt; Bergmonn and Graham; En-
gelstad; Warren and Gatos; Loach, Farrow,
Foote and Wawro; Mclntosh; Warren and
Spencer; Widiann; Bauer; Bauor and Schraer;
Tanges and Kalofleischi; Freid and Goldberg),
occupational exposure w0 rudiouctive dust and
gases has often been complicated by simul-
tancous inbialation of dust containing various
motals (clromiwn, nickel, iron, arsenic, cobalt)
us woll us silien.  Pulmonnry cancors obacrvoed
among radiouctive-ore miners, therefore, have
boen complicatod in an appreciable number of
caas by silicosis of » minor W moderute dogreo.

It is for these roasons that the radioactive
genosis of the cancers of the lung noted among
these miners a8 well ss among uranium and
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rudiwin relinery’ workers ls been doubted by
some investigutors, who felt that one of the
various noanradioactive metuls or the silicosis
represented the mnain causal or an important
contributory agent (Schinz; lorenz; Schmorl;
Rostoski and Saupe) or that the wvailuble evi-
dence did not provide absolute proof of & radio-

active genesis (lacussugne). Several investi-
gators felt that the lung cancers among the
radionctive-ore_miners in Schinechery and Jo-
achimsthal were principally attributable o o
heraditary predisposition created by inbrooding
of the mining population (Mucklin and Mucklin;
Lorenz; Vesin),

The “mals metallorum” causing death at an
early age of the miners in the ore mountains of
Saxony was first described by Agricola during
the early part of the 16th cenwury and was sub-
sequently mentioned by other invostigutors
(Llenckel; Scheflier; Thiele). Howover, it was
not until 1879_that its malignant neoplnstic
character was _correctly recognized (Mirting
and Hessc). This judgment was, subsequently
confirmed by Cohnheim; Aucke; Arustein;
Uhlig; Risel; Scbmorl; Beyreuther; Rostoski,
Saupe and Schmorl; Lange; Neitzel; Ddhnert;
Boader; Teleky; Hueck; Rostoski, Saupe,
and Schmorl; Thiele; Weber; Koelsch; Linde-
mann; Doubrov; Brandt; Brezine. Although
the miners of the uranium ore mines in Jo-
achimsthal (Czechoslovakin) ulso wore suffering
from a fatal lung discuse similur to that observod
among the cobalt ore miners in Schnecberg,
Saxony, it was not until 1926 that the cancerous
nature of the pulmonary disease among thoso
miners was recognized (Ldwy). Additional
confirming evidence was provided later by
Beutel and Waldrich; Ziel; Sikl; Saupe; Peller;
Pirchan and Sikl; Busder; Behounck and Yort;
and Teleky. —

Evidenco supporting a radioactive origin of
the Jung cancers among thesc two groups of
miners was provided by the observation of lung
cancers among employocs of rudium refinerios
and radium laboratorics. LOwy reporied the
occurrenco of two such cusos among the workors
employed in the Jaborutorics of tho Joachimsthal
mines, whore the ores are refined and the puri-
fied materiul is Weted. Ouno of the cosos hud
chronic radiodermatitis, loukemis, and lung
csticor, A sunifur observation wus recosdixl by
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Tuleky wnd by Neitzdd i u Geruan tecluncian
of & radium laboratory. The cancerous lung
was found to be radioactive. Four cases of luny
cancer have rocently been observed, according
to Baader, among the workers emploved in the
radium ore processing plant in Belgiun, where
the occurrence of such complications was pre-
viously said o be absent (Muisin, citing Delaet;.
Perhaps tho development of & biluteral alveolar
carcinoms of thoe lung in u woinun 16 vears after
the intravenous injoction of 75 cc. of Thorotrast
may also supply suggestive ovidenece that lune
cancers may originsate from rudiosctive tiuterial
used modicinally, when such materials become
arrosted in the lung.

MonlLion may also be mado in this councction
of a report of Martiand relating tho occurrence
of cancer in the ethmoid cells in a luminous
dial painter, and of two additional cascs re-
ported by Aub, Evans, Hempelinunn, snd
Martland. Dial paintors not only ingested
rudiouctive materisl which bocamo deposited
in the bones and produced osteoyenic sarcomas,
but they also inbaled this matter whicl:, thus,
may have produced the carcinoma of the
paranasal ginus, :

The four casce of cancer of tho lung recently
reported in an industrial population at an
stomic pile site, bowever, are definitely not
causally related to any specific radioactive ex-
posuros sustainod by the workors concerned.
In those cascs oxposurc and latent poriod were
insufficiently long to causc lung cancer (Love).
On thoe other hand, the argument thst theso
workers were, in part, not directly concerned
with radioactive material carrics little weight.
Doubtlossly, they had at times environ-
mental contact witl: such o material when the
motoorologic conditions were unfavorablo for
tho roudy disporsal of radioactive wasics at
this particular operation.

In favor of an occupational and radioactive
origin of the lung cancers among the Schneeberg
sand Joachimsthal winars is, moreover, the fact
that the excessive liability to pulmonary neo-
plauis is lunitod to Wic workers omployod under-
ground and is absent among the workers
employod aboveground, and among thic popuia-
tion st largo of Schnocborg and Joachimsthal,
including the employees of the oobalt pigment
plunt using the Schneoberg ores Baucer; Sclunorl).
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An excessive lung casncer sttack rate, also, Las
not been found among the miners of the nearby
Jobann Georgenstadt region, where the mines
have o low radioactivity. There is, further-

-¢, no valid evidence on record that mincrs

srsenic-, chromium-, nickel-, sand_bismuth-
containing ores are affected by lung cancers st
a mate even remotely approsching that seen
wnong the two rudioactive ore miner groups.

The atluek ruwe of lung concer wifong the
schneoberg miners has consistently been be-
1weon 75 and 80 percent. sineo 1879, while that
ol tho Jowchimsthal miners hos been stated wo
range from 40 1o 50 percent. However, this
ncidenco rate may be too low, considering the
recent statement of Baader, who noted that
during tic period 193943, & total of 180 cascs
of lung cancer were acknowledged as compen-
suble discnsos and that in 1929 there wero only
323 minecrs employed at Joachimsthal.  Consid-
ermyg the fact that the exposurc and latent
period of lung cancer in Joachimsthal miners
ranges from 13 to 23 years, it may justly be as-
sumod that these lung cancer cases originated
in & miner population of approximastely 300 to
400 members working st these mines_between
1920 and 1930. The exposure and latent period
al Schnecberg is stated to vary from 15 wo 18
years for the majority of the cases, but occasion-
ally Lo bo as short as 7 years (Baader; anuuky,
' aub, and Kahlau)

« he wial number of Schneebery miners who
dicd from cancer of the lung between 1879 and
10139, according to available records, stands at
approximately 400, while the number of Jo-
schimsthal miners who fell victun to this discase
has reached 225 (1926—43). An appreciable
number of these miners died from lung cancer
ot o relatively early age as is evident from the
dstu given in table 19 (page 16), which shows
the definite shift toward youngor age groups.

Measurements of the radiosctivity of the
Schneoberg and Joachimsthal mines have dem-
oustrated that, in both places, mine air and dust
liuve an excessive degroe of radioactivity sur-
possing many times the maximal tolerance dosc
(Jouchimsthul 30 timos (Poller); Baliounck;
Bdhounek and Fort; Techalnitz; Ludowig snd
Lorenser; Lange; Rajewsky; Stocklesa).
It was suggosted that the recont introduction
of pneumatic drills into these mining opers-
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tious agpruveted the buesrd by increasuy the
production of fine particulstec dust containing
solid radium.

Repeated attempts bave been made to pro-
duce cancers of the respiratory tract in experi-
mentsl animals oxposod to the inhalation of
radium emaonation and/or radioactive mine dust
(Schmidunann; Lowy; Cummpbel'; Dalinert;
Kublou; Rujewsky, Schraub, ari Kahiau).
Schmidtmann obwined neither pneumoconiosis
nor pulmonary cancer in animals exposed for 2
yvours o the inhulation of Schnocherz mino dust
coliccted from drill holes. Campbell, on the
othier hand, reported that mice which inhalod
dust of Czechoslovak pitchblende displayed a
significantly incrcosod number of pulmonary
tumors. In experiments of Dohnert and of
Hueck, mice were placed in cages within the
mines. Some mice doveloped modorate chali-
cosis, while pulmonary and mediasstinal tumors
(adenomas, round cell sarcomas), in addition
to an occusional squamous cell metaplasia of
the alveolar epitholium, were seen in an *ab-
normally” high percentage of the exposed
animals. However, the actual number of
affectx] snimals was amall, and the interpreta-
tion of the results as to thair significance was
therefore difficult.

Kahlau and Rajewsky, Schraub, and Kahlau
subjected mice 1o the inhalation of radon.
Many of the animals developed bronchial
lemions charuclerized by an atypical epithalinl
lining a8 well a8 by pulmonary sdenomas (in
7 of 12 mice of the test series, against 1 in tho
control series). While they concluded from this
ovidence that the rudiouctive origin of lung
cancers in Schineeberg and Joachimsthal miners
was confirmed, it soams to be advisable to con-
sider the cvidence obtained by these investi-
gotors as highly suggestive, but not conclusive,
bocause great variations in the incidenco rate
of lung tumors occur among differcnt groups of
mice belonging o noninbrod strains.

Additional, mildly suggestive obsarvations
have been reportod by Lorenz, Heston, Eschen-
brenner, and Dearingor as wall as by Heushaw,
Rilcy, and Stapleton. Both groups of investi-
gulors found that mice oxposed o ionizing
whole body rsdiation rovoaled, in addition to
loukemis and ovarian tumors, some increase in
the number of pulmonary necoplasms. Of
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greater signilicance in this contneclion are e
findings of Lisco and Fiunkel, who found meta-
plastic and neoplastic proliferations of the
bronchial epithelium in ruts inhaling un acrosol
of rudioactiVe coerium.  Simijur results were
obtained with plutonium brought into the
lungs of ruts.” Since uraniwn ore winers whale
not only rwdon and rwdium dust but also
uranium, which may be rewined in the lungs,
Hueper, Zucfle, Link, and Johnson injoctod
metallic uranjum powder dispersed in lagolin
into the pleurul and femoral cavitios of ruts and
obleined sarcomus ot the sites of injoction in
13, or 24 percent, of the 54 rats surviving the
minima} lstent period of 6 months. Evidence
thus produced shiows that focal accumnulations
of uranium, which is an ulphu-radistion emitter,
may exert & cancerigenic action upon the
surrounding tissucs, but it does not discriminatoe
between the influcuce of wmetal toxicity per se
and radiocactivity in the genosis of those lesions,

From & critical evaluation of the epidemio-
logical, clinical, and experimental evidence
available, it gppears that a prolonged inhalation
of radioactive gases and/or dust may elicit
pulmonary cancers in man (Martland; Evans).
In commenting on the production of lung
cancer by atmospheric carcinogens, un editorial
(Lancet, 1952) remarked, “radioactivity of
Joachimsthal mines is stated to be 30 tumces the
tolerance dose. It is scarcely surprising, there-
fore, that in the pust more than half the miners
died of lung cancer.” It stunds 1o reason that
this effect on the lungs of workers will prevail
wherever similar conditions of exposure to
radioactive gascs and dust exist.  The excessive
suicide rate observod in the past among tho
miners in Joachimsthal (Sikl) aptly reflocts the
human misery_ produced if such huazardous
working conditions are permitted to persist.

While there thus can be littde, if any, doubt of
the principal role of ionizing radiation in the
production of lung cancers among radicactive
ore miners and similarly exposed occupational
groups, some coraments on the possible signi-
ficance of pneumoconiosis in diciting or 1nodi-
fying this effect may be indicatod.

Reports on the occurrence of prnoutnoconiosis
among tho mindrs in Schneeberg and Joachims-
thal are contradictory. While Schmorl s well
as Rostoski, Saupe, and Schmorl in their carly
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reporls (1926, 1928} noled thul dchneebery
miners suffer from more or less intense anthra-
cosilicosis and that this condition was causing
or favoring the development of the bronchial
cancers, Rostoski and Suupe stated in 1930 (hat
pneumoconiosis was usually not very extensive
in cancerous lungs. Because of the relauvely
slow course of the pulmonary tumors. Rostoshi
and Ssupe folt that pncumoconiosis may slow
the intrapulmonary growth of the tumnors.
Hueck, on the other hand, remarked uhat
silicosiz does not represent u precancerous cone
dition for the Schueccberg lung cuncers. " some
of tho miners had silicosis but not lung cancer,
while others had lung cancer but not silicos:s.

Similar discrepancies scem w0 preveil con-
cerning the Joachimsthal miners.  Zicl in 1935
roporied that marked ailicosis among these
miners is quite froquont and that sshed lungs
contain lurge amounta of silicon oxide.  Pirclhan
and Sikl, on the other hand, maintained that ne
pncumocuniosis could be found, in spite of an
abundance of pneumatic drilling, and that
pnecumoconiosis has no role in the production of
the lung cancers. This opinion was shared by
16wy, Sikl, in his most recent communication
on the subject, statod that some degree of
fibrosis suggestive ol silicotic origin could, of
course, be seen in the cancerous lungs, and there
were single cases of marked silicosis combined
with cancer. On the whole, however, silicosis
was nol a projuineut feature in cuses of cancer;
on the other hand, the lungs most hesvily
affected with ailicofibrosis were generally {ree
from malignant growth. Bchounck and Fort
notod thu! pneumoconiosis was recorded as
the cause of desth in only 8.2 percont of 63
miners who came to autopsy between 1929 and
1938. This statoment contrasis strikingly with
the obeervations made by Saupe during a
chest X-ray study of 398 Joachimsthal miners
conducted in 1939. He found thiat 43.4 percent
of thosc miuers preseniod roentgenological
evidence of pulmounary silicosis. However,
silicosis was of minor dogroo among the 7
minors who were suspocted of having pul-
monary neoplasms.

Althouglh the data arc in purt coptrudictory,
it secins thot silicosis docs not play any sig-
nificant role as a diroct or contributory cuuse of
cancor of the lung among the radioactive-
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ore nuners i Scluecberg und  Jouchunstbal,
Whether it has an antagonistic effect upon the
cancerizatiort process or modifies the course of
the cstablished cancer remains problematical.

'™ ully, it muy be mentionod that these lung
ca s vary a grest deal in hiswologica] struc-
ture. Many were squamous cell carcinomas;
others, mound eell or anaplastic um'u‘;’\onm.s;
while u few were of adenocarcinomaious Lype.
The radionctive Jung cuncers, thus, follow in
this respect the gencral pattern set by all
other oceuputionul cuncers.

The rapidly growing production and _use of
rudionctive muterial and the thereby condi-
tioned, markedly incroased exposure of some
lunited worker groups as well as the general
populution Lo guses, dusts, and mists conteining
radiouctive matter of Jong hali-life doubtlessly
FepITsCnis o potential respirstory cancer huzard
of scrious proportions. The attack rate of lung
caneer from such sourees is very highy, uwoxdmg
L pust expericnce with miners of radn%ct.we
orcs. Thercfore, a competent assesament of
the degree of exposure to atmospheric Tadio-
active contaminants for worker groups and
neighborhood populutions of radiosctive plants
and operstions, and the continuous and strict
supervision concerning the amounts of radio-
active effluents emitted from such establish-
ments, are urgently necessary for safegunrdmg
th ulth of these individuals. -

\“\i

Talde 36. Latent perisds of cuvironmental respiru-

tory canocers, in months (Hueper)
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Intensive studios also are noeded for deter-
mining whether, through rudioactive fallouts,
the inhsalation of highly radioactive dust par-
ticles dilTusely selling in the beonchinl mucosu
and producing there minute foci of high inten-
sity rudistion may dlicit deluyed cancerous
reactions. Since radiation cancers, like other
occupational cancers, have a long latent or
induction period (table 26), it is osscntial thot
all possible precsutions be taken against cn-
vironmental contamination with radioactive
matter o prevent & possibly permaneunt con-
tamination of the buman environment with
dangerous armounts of radioactive matier.

Comments and Conclusions

b

The vomprehensive punoraniic view _und
aunlysis of the wial epideniological, medical,
and experimental evidence available on exog-
ehous respirntory earcinonas ad earvinggens
leuve no doubt of the fact that not only large
oceujnidionu]l populution groups but ulso the
goneral population have definite and prolonged
oonitacts with one or sevoral of those agents.

For most of those ugonts, udoquate conclu-
sive proof of their carcinogenicity is provided
by epidemiological, medical, and experimental
duta. One of soverul specific carcinoganic
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chamicals has been isolutod from severul agents
ropresentilg varisble chomiesl mixtures (woot,
coal tar and pitch, petroloum oils, gasoline and
diewol ongine exhamt). Whoerovoer o definite
identification of u specific causal agent, such
as isopropyl oil, usbostos, and chromutcs, has
pot yet been attained, the epidamiological evi-
doenee based on un ovaluation of cancer inci-
donce of relatively wnall, occupationully cir-
cumscribed total populntions at risk is suffi-
ciently reliable to prove the presence of an
occupational respiratory cancor hozard causslly
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Epi-

reluted W o wpecilic industrisl operation.
demiological, medical, and experimental data
concerning those respirutory carcinogens stiest
their high carcinogenic poteney under occupo-
tional conditions, purticulurly when wetiy on

humans. It is therefore reasonable to assuine
that inhalation of the swne agents, in a mili-
gated form as aic pollutants, by the general
population is responsible for a consideruble
portion of the Tuty cucers attributable W such
contacts. :

If vhis coherent nnd logical picture prosented
by the evidence supporting thic various occupa-
tionu rospiritory cancers wnd, ospeciudly, the
coal tar fume cancer of the lung, is comparod
with that availuble for the ciguretie ainoke Junyg
cuncer, oven upon superficial examinution,
several additionul serious defocts and inconsis-
tencies not proviously poinwod out bocome
apparent.

It is surprising to noto the absenco of positive
stutistical ussocistions between lung cancor und
cigarette cough, although this latter symptom
is clinically clharacteristic of chronic chuin
smokers. Despite the fact that the lips and
oral mucosa are constanily bathed in the wurry
liquor oozing from the Lip of the cigureties and
despite the contact of these purts with the
amoke coming from the cigarettes, there is no
consistent statistical sssociation with cancer
of these parts. Tho nasertion that no tarry
material exudes from the eigaretle Lp is belied
by the evident fuct that chrounic cigarette
smokers are obscrved to huve brown-stained
fingers. There is, on the other hand, not o
single record availuble of cancer of the fingers
attributable to cigaretie tar. Such cancers of
the fingers would be cquivalent w the nwnerous
cases of coal tar cancers of the hands for which
records are availuble.

In an attempt to provide un explanation for
this discropancy in the carcinogenic behavior
between coal tar and cigurotte tur, lickint
rusorted to tho spoculative assumptiion that
cigarette tar possesses & spocial tissuc specificity
so that tho skin of the fist thre fingers,
slthougl: impregnuted with cigurotie tur, is
“immune’’ to its carcinogenic aciion.

It also would bo medically wisound w con-
clude upon a sort of racially conditionwl tissuc
immunity for explaining the obsuorvation of

L 2

Lipachits, who reporusd in 1931 thot the sulopsy
records of o large Jewish hospital in Warsaw,
Polund, siowed a lung cancer frequency of 8.9
percent of all cancers for Jews ugsinst o fre-
quency of 15.3 percent for non-Jews, especially
in viow of the fact that Easwern Jews are par-
ticulurly prone w develop thromboangutes
obliteranx, which has the best established
causal rolutions to tobucco smoking.

The eluimod sbsenee of o posilive sssociution
betwoen lung cancer and the hubit of inhuling
cignrette wnoke ubw is incomsistent widh Lhe
rule thst the incidence rete of occuputional
cancors incrousos with the wionsity of exposure
to s carcinogen. The medical considerations
on cigurstte amoke cuncer of the lung thus
roveul u numbor of serious und fundumental
dofects und contradictions.

The bost thot can be said about the experi-
maontal ovidence on hand regarding curcinogenic
propertivs oof Lobucco tur is that it indicatles the
carcinogenic sgents in somo cigarctic tars
through the use of hyperreactive animals.
There is o evidence that these observations of
the skin of a strain of sclectively inbred mice
have uny equivalent in man. Thus the pruc-
ticul imporwunce of those observutions us 10
cancer of the buman luny s ol prosent uncer-
tain, cepecislly since Passey, in recent experi-
ments on mico painted for 16 months with
tobaceo tur, was unabloe to olicit u single cancer
of the skin.

From theso considerstions, it is upparent
that any finul decision voncerning the relative
role of cigarotie smoking in the causation of
cancer of the humuu lung should be Kopt in
abeysnce until & great deal of additional and
more valid, snd espoecially modicully conclusive,
ovidonee becomes available. The data on hsnd
ke (b unlikely that cigaretie smoking repro-
sents o major factor in the production of dung
cancer snd in its receut phenomenal rise in
frequoncy. For those ressons, it would be most
injudicious mainly to base the future preventive
control of lung cancer hazards on a theory of
such doubtful sciontific merita and o concan-
truto the inmedisw epidamiologicul and experi-
montal cfforta on this apparentiy overprop-
agundizsd concopt. Tho apparent wisdom of
such an sttitude is readily apparent from the
fact that not only a groat deal of the circum-
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stunual - epidenuologieal  evidence  bul  slso
practically the entire factual and conclusive
evidenee avaiduble on wpecific exogensous causos
of respiratory cancers indicates that these
o > wre cither of occuputional ofigin or
poi. .. o industry-related factors. Not only
luryee oceupational groups but also Lhe members
of the genersl population have contuet with
these agents in various formns snd intensity.

{

i
'
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Fuully, 1t muy be noted thet the evidener
on hend justifies the viewpoint that, in arriving
it & judgment (Buuder; Lickint) in any modico-
legal dispute requiring the assessment of li-
ubiity for the developiient of u rospirslory
cancer, anyv  evidener incriminating  specific
occupational fuctons should be given preference

over that possibly provided by » cigarette
smoking history.
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