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Introduction

wientifivally acceptable. uny theory

b cuology of lung cancer must reflect a
- palanced. and competent analysis of
ot Y epidemiological. medical, and ex-
e e (ul evidence concerning the types and

er:n,"ul distribution of and contacts
.«.-rf‘:u known or suspected exogencus sgents
.“:mmuwl in respiratory carcinogenesis for
"

Te be

environniental, ocrupational. or medical reasons.
It is only through such scrutiny that significant
and worthwhile information max be obtained
as to the relative role which the various indi-
vidual respiratory carcinogens have plaved and
are playing in the production of lung eancer.
The following {scts and observations form an im-
portant and integral part of such an assessment,

General Epidemiological Considerations

\ real. Wlefinite. and progressive increase in
:m; frequency of lung cancer started in most
,Ju,mglized countties nm\.md the turn of the
o (tables 1-3). that is. at » time when

e smoking was still & habit of minor sig-
ofcsncs (Probst: Berblinger: Grosze. Kahlau:
Facher; Lickint1.  This rise was first clearly
wognized by pathologists of Central Europe
snng the early 1920°s through a study of
wcropsy dita collected during the frst 1wo
icsdes of the 20th century and was subse-
wently confirmed and elaborated upon by
wostsuistical tnvestigations from America and
tyape which meinly used cancer mortality
aw Bg 1.

Published records indicate that this develop-
wnt revenled marked variadons o the time
donset of lung cancer, in its relstive degree of
wtenity. and 1n iLs progression rate for different
alities and countries. In Germany, for in-
ugce. ap incresse in the incidence of lung
<orer was first noted in Saxony and Central
fermeny only. As late aa 1931, Fischer re-
wied that lung cancer represeated 11.3 per-
miel all cancers in Saxony against 6.6 percent
tthe rest of Germany. In Denmark, accord-
% 1o Clemmesen, & rise in lung cancer fre-
wmevey was still doubtful during the first three
rdes of the 20th century and only became

M Realth Monograph No. 35, 1955

definite siter 1930, Similar observations us to
a late appearance of this incresse were made in
Italy. There still exist striking differences in
the lung cancer mortality rates of different
countries and different regions of the same
country (Bg. 2). In England. for instance, 23
percent of all cancers in males involve the lung;
the corresponding figure for Narway is less
than 6 percent.

Similsr discrepancies exist for lung cancer
morbidity rates for different metropolitan areas
in the United States as well as for their relative
progression rates (table 4). Anather example
of the existence of striking regional variations
in lung esncer frequency is presented by the
remarkable differences in Jung cancer mortality
rates between urban-industrialized areas and
rural districta. This has been demonstrated
for England and Yales and for the United
States, where lung cancer death rates were
found to be consistently higher in urban areas
than in rural areas (tables 5-7, figs. 3 and 4).
Such observations have been made in Ohie,
New Yark, and Connecticut (Mancuso. MeFar-
{and, and Porterfield: Levin, Kraus. Goldberg,
and Gerhardt) and were reported from Englsnd
and Wales by Stocks; Kennawsy and Ken-
naway: Fulton: and Philipps. Stocks reporied
the comperstive mortality raties for males in
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Table 2. Fee

Author

Fiscber-Wasel:

Table 1. Frequency rates of lung tanocer in sutopss material (Probet)
: Lung cancers
: {Number of Towl | Absolute ~
Author Period { autopsies -carcinomas! N - Percent : Percem
N . of all of all
i CASES |, AUtORNm
. 1853-1000
Reiohafd.. ... ..oooierueeeeennneoe...! 185376 l anel . R Y
Fuebs. ... .. ... iieeiiociiaea--. 185488 12,307 e | J T O
Woll o e e 187784 4372 jooeeean.. | B P g
Paasler.... . .. o lIIIIITIIIIIIIIINII | 188194 , 9248 | §70 18 . J&d n
- 188504 7,228 '.-..-.....' - } : 43
Perutz.... . .. .iiiieiiiieieiaas 188587 ‘--...-.-..,..--.-....’ L & L7 N
Marchessm . . ..ol 1387-06 1. 946 ;A. ........ [ 3 Ny %
ikath,...... . 188099 . .. eevoelecscronann 10 ....... .
Feilchenfeld . xans—neo, 502 51t 22 43 M
Riecheimann -, 1895-1901 ' 7. 190 711 ar 18 .
P .t 1890-1003 1, 741 158 3 1. 88 -1t
Marchesani. ... - 1886-1906| 3,337 ... ! S -
T
| 19001925
Redleh. .. . o o eieeeiiinnns 1900-05 | 2,002 as6 ! A &3 13
Bexfahrt .. ............ 1900-06 ... .. ..... cevemesranivenvsanane ! 5.1 &
Karrenstein. ... ... .. 1900-07 | 10,272 ' 2, a2 ]
Kikuth. oo ... ... 1900-11 ... .. rereramcmaanasn 90 38 : ¥
Staebelisi. tesemeriaaee treemiaatmnan 1900-11 ..___.. et ‘586 12 21 i
Bejach.o... .. . iiieieiiaeiaaa.- - 190408 .. ... .. : N8 20 279 Laanen
Probst.... ... .. .. cieiiieiiiicaaoe... 1908-10 2,73 i 205 . 3 1. 13 A
Sesfabry. . (LTI wera L beveemeenen . & 88 .
Briese..... .. ...oo.o. . ..l.....i1608-1018; 12971 1,287 | 80 i 481 . o
1908~13 8, 808 e 33 48 L8
190912 5. 801 588 29 ces s
1906-16 478 ... [ 33 . i .8
190914 4 816 ! 552 | 15 27 A
1910--34 2, U7 363 B8 22 H
1913-14 888 45 | 1! 208 N
1919-14 ... ..... 218 , 1! 80 feueooooas
1911-15 J, 448 389 | 13 334 .8
...... ST PO~ N 1.03
S, 7.14
2, 37
Mom o eraennnn 2 48
Berblinger... .. 1 29
Probst...... .. ..... 612,
Materna. ... .. ... 5.31
Kikuth...... . ... 58
Marchesani.. ... ... .. .. ._.._..... 191622 } 3,336 |.........00 YO ..._._....
Staebelin... . .... 4.9
Lubsrsch .. .. 8.4
Seviahr. . . 875
Berblinger g3
80
27
7.17
L 4.9
2 Eaviroamental Causes of Comcer of the Lo




T =t

9, with devistions [rom the aversge
ity rate set at 100, as follows:

e of sdjscent towns with over 300,000

upied dwellings:

“Londoo. Esst Ham, West Ham. Croydon.. 156
Birminghsm, Stmethwick, Walsall, Wast

, Bromwich. .. i iiaans 124
S Maachester, Sallord. Stockport .. ..c... 159
B Liverpool, Bootle. Birkenhead Wallasey... 162
§7 Leeds, Bradford. Balifax..coooneoooaaaee 132
: d, with 124,000 occupied dwellings... ... 135
a FRY and Gareshead, with 87,000 occupied
N AWEIlingS . . oo oo e eeeea e am e e e aome e M
mofstorns. each with 30.000 to 85,000
- —eupied AWelingS. .. ..o icnnreaaneeeann B Y
eregate of 3 LOWDS. each muooonmsuwo
wacupied dwellings . . ..o o iocaciiisnean 107
“Agrregate of 12 towns, each -ruh 30,000 wo
40,000 necupied dwelliogs...coonencnnomeven 104
Agpregate of 13 towms, each with 20,000 to
30,000 occupied dwellings. . ... ..cvcucenuann 100
Aggregate of 20 towns, esch with less than .
» 000 occupted dwellings. - . oo.ooovnocaonn 89

In Ohio, for the vears 1847-51 (Mancuso,
- McFarlsne, and Porierfield), the standardized

mortality ratios for lung cancer mortalits of
selected sites among white males 25-64 years
of age in urban snd rural counties were:

Metropalitan oountios (B)....ccouvceccvanac.. 122 9

Urban countios (7).occceoamorvinnccmrnncanas 8.8

Rural countina (T8) . .cevneennnncareccaancans 65. 6
The standard mortality ratio is

Obaerved deaths
Ecpected deaths < 1%

The type of county is defined, according to
degree of urbanization, ss follows: Metropoli-
tag councy—containing cities with 1950 popula-
tions of 100,000 or more (81 percent urban);
urban-—containing cities with 1950 populstions
of 50,000-100,000 (66.2 percent urban); rural—
containing communities with 1950 populstions
below 50,000 (41.4 percent urban).

Curwen, Eenmaway, and Keunsway ounly
recently recorded fresh evidence supporting
earlier observations. The new evidence indi-
catad the existence of positive correlations
between population density in England and
Wales and mortality from cancer of the lungs

bl 2. Frequency rates of lung cancers in avlopey materia) of German pathological institutes, 1906~52 ¢

-
.

[ lPemnugul Sex
. of lung |
Author : City  FPeriod aneet:“ | '
' smo
. unnr;rs | Male i Female
Wasels . ... Franklurt.. .. .cooiiiiaiiiiieiniaan, D U - N PO,
.. Goettingen_ _ . 1906-12 2
+ Jens 1910-14 2
Berif_ . mianeennnn e aaneenneeanes | 1918-17 &
Dusseldor] ... . . ccoaniiiiieerreiaa 1920-23 3
ZWIChBU . i iniamca e 2
Dresden. .. i aia it 1 8.
. GEPMADY .. iiiiiinimcnecerarraenaana i i 13
Goestingen ... .. . H 9.
... BerMa.. .. ... ‘ : 5.
. Zwickau....... i 120
Dussseldort. .. ..., ! 1238
Frankfurt . . i ineae ! 13.9
Jema. e cieiaaa., H 120
[}
L7 10 o TP eeermonnan
Duesseldor!. . ... ...t 21. 86
.a- I 71077 OO | 1 o B 130
N BOYAIIA . oo aiiaa i Nemenrann ] 148 oo.ilinnn-
’ ceeieene . DUCKSEIAOT oot aereaeaaaaeanas 104647 ‘ 26,
. N‘ cevana e JEDB e rsrrimeirneraamesaeraracnanas 184648 5 130
e ceean Puesseldart. .. ... .ocvicrecrcaacrciarnaan 1M 35. 53
M FrankfUrto . oo oo o onenn ceonr o i 1951 ‘ 28 6
} tevrenienen. COTDRAOY o iniciiencvinerararnonanns [ - S PO
1 \_‘ ] i
*From Kablau.
r
g N Bkt Monograph No. 34, 1955 3
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ancer of the Lung

pales awi ivmales and cancer of the larvax
o males. but not of females. Thia relation is
orel spparent whes comparing relative lung
cor desth rates in the United States and
and with che relstive population density
g these countries. Whereas, in the United
qates with & populstion of 45 persons per
;um mile, 1 lung cancer desth occurs per
600 whabitaots, in England tbese figures

d

stand &0 733 persond per square mue i
vancer death per 3,300 inbahitants.

ft has recently been observed thst the lupg
cancer death rate for white malas hiviog in the
downwwn ares of Pittsburgh is exceasivels
bigh—twice the rate for males living elsewhere
in the city. It is somewbat uncertsin whether
this observation carries the same implication as
the observations made in Ohio and in England
and Wales. Such sn interpretation is suggested

3. Lung rates in pey m. {sl ri German institutes of patho for the i
Table 14951928 patholoxs for the peried
}
L flPlranz of |
Period Total cancers '; w;‘" ':l:n?‘a:‘u Range Average
} catcrrs

18§, 431

7 3iho.ams ;,;‘é}ans { ié}a X

figure 2. Agrendjusted death rutes for respiratory mt pee 100,000 white males In the United States, 1950,

[ Joumer17  Fpd 2720

L)
‘l"‘.‘.‘. ..0.0.

7] A2

-25&0\'"

..

et
()

Nic Hualth Mensgraph Ne 36 1955
B 0P B ]
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Table 4.

lncidence of respiratory cancer. morhidity ratee per 1go.ooo population for 9 metropolitan centers

¥ sez. 1937 and 1941

Morbidiry rate:

Primary site and eity Males Females Towl
- «  Pereent Percent +  Percent
1837 1947 erexse 1937 1947 ineremse V937 T e

Brooehus sod Jung: .
Ausprs, . ... .. 50 13. 4 168 1.0 50 400 20 gu T
New Orleans. .. 121 301 188 28 [ 50 T8 25 174
88 N0 392 .5 64 L1BO 3\ 7.2 453
435 18. 9 320 21 319 86 3.3 it ¢ 233
.. 9.1 219 141 42 8.} a3 (] i} R 4
San Franciseo.. _.... 18. 6 b T 120 s 83 108 L ] 08 112
jcago._........_ ... 12.3 29. 5 122 43 7.0 [ x) 1. %] iR O 105
Pivusburgh. ... . .... 9.7 28 1 169 4.9 53 12 73 156 1)
Detroit .. . .......... 12.6 320 15¢ 23 5.7 148 786 o 150
Larrnx:

Atlanta,... . .. 14 40 186 .3 0.3 PR e 0 [Ral
New Orlesns 1.3 14.8 32 .4 1.0 150 .6 76 3%
Dalias, . ... 32 5.3 66 1L.§ .4 73 23 2T 17
Birmingham 14 L0 1B6 .0 1.3 . ... 7 2R Pl
AVEL e e 20 4.1 108 N .. 9 4 [Bed

Nan Franciseo. ... ...~ 45 88 o6 .2 B 300 24 <6

Chicago......... ... 6.7 7.0 4 .4 .6 50 3.5 37
Pittsburgh. .. ....... 4.4 B0 82 - .4 .8 100 24 4 83
Detroit.............. 335 [} 83 .4 ) -25 0 34 @

by the {act that the white male inhabitants also
had an abnormally high skin cancer death
rate (Patno). This is in agreement with the
geoeral experience demobstrating the dual role
played by many occuprtiopal carcinogens, such
as arsenicals, coal tar, petroleum derivatives,
xnd radioactive substances in the production
of hoth cutaneous and respiratory cancers.

An additional expression of this urbsg-pursl
patiern of lung cancer rates is contained in the
recent report of Lew, who found that these
rates were 30 to 30 percent higher among indus-
trial policrbolders of the Metropolitan Life
Insurance Company than among males holding
peneral policies. Lew found, on the other hand.
that such differences did pot exist for female
“holders of the two types of policies. He pointed
ou! that industrial policvholders represent, for
the most part, urban wage earners and their
families in the Jower-income brackets and
include a high proportion of men engmged in
mapufacturing, mechanieal industries, mining,
transporiation, snd persopal service. 1n con-
trast. the general policyholders are drawm
mostly {rom middle- sod higher-income groups
engaged in nonhazardous occupations.

The apparent causel signifieance of these
epidemiological findings has been demonstrated
by several investigators. Appreciable smounts
of 3,4-benzpyrene have been demonstrated by
Waller and Cooper (R. L.) among the air pollut-
snts of English cities: by Katin and associates

~in the particulete pbase of these aumospberic

constituents in Los Angeles, and in the exhaus!

. fumes of gusoline and diesel engines (t8bles &
“and 9).

It has been estimated from thest
figures by Blacklock. Kennawey. Lewis, and

 Urqubart that sbout 16 mg. of 3.4-benzpyrent

Table 5. Caneer of lung and laryns, Epgland apd-
Welen 194649 (Kennaway and Rennawsy)

e Lubg can-  Laryny cane
Type of community cerratio! cer ratia®

Fe-

Males T Maler | TS
Greater London......... 100 100 100 300
County borough. .. ... 129 130 135 5:

Other urban disteicts.... 180 136 M% ” -

Rueal districts. . ..ooa..! 170 4

233 183 |

s Number of pervaos producing } death.

Environmsenatal Causes of Cancer of the Lund
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g cancer eath rates in 25 States of the Figure 3. Cancer of the lung in males aged 13 vears
o 'y Luné 1946 and |34, crude death rates per snd over, Englsnd. 1921-30. Reproduced by per-
My, %Sﬂ“" mission of the British Empire Cancer Coampaign.
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S50CIRLey
108pherie
exhausg
‘tablem &
m these !
wis, and h : y
nzpirene B b e incer Socwir. Ton 1940, Canaer
Death Ratee for each State in the United States by
Sw. ' thowe for the year 1948 were produced by the
f::;‘ eod } Yqeuonal Office of Vital Stacistica,

Vuv fane Tabie |, Lung cancer mortality raies, per 1.000

1943

2

Figure 4. Olwerved and cxpactad | cancer degibs
in urban and rurst Ohb.'l-’:‘l’-!l.
(T Mancuso)

8.

POV Dt JI g
O~ DD~
B 4 3 o o o g 0
O = O o

- ratg’ desthe by oer, in Austrin, 1954 (Herbich and
o b Newbold)
- Fe 1
- +
A - Community Towl ; Malea! m;;rn
. ]
Do We :
o | -8
o a | 39 Lungcancer deatha Dbaerved Ezpected
B t a7 § counties 1, 550 1. 201
i Remainder of Ohia : 728 1. 017
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Table 8. Esti d ¢! of tic hydron
earboms in l-minute samples of gasoline exhaust
with varying engine revalution speeds {Kotin)

: Com- | Baps-  Asth-
Revolutions p . Benz- |

per minute T ¥TeRe ”ﬁ"d pyree Reay l ‘,:ﬂ'

228 289 120, B85 1533

439 328 61 . 177° 102

sar 266 : 80 36

M M2 i M 27

346 127 , 25 7' 3l

121 2% 13§ 85 1e

“ 5 10; 39 15

! Quantities are expressed in agm. st 0 laad.

may be inhaled and retained in the Jungy from
these sources during a lifetime and that this
quantity represenis approximately 40,000 times
the dose (0.4 micrograms) capable of producing
cancer in mice upon subcutanesous introduction.
It should be emphasized in this connection that
3.4-henzpyrene is only one of lhe several car-
cinogenic chemicals isolated from sumospheric
pollutants and 1bat, therefore, the sctual toval
smount of atmospberic carcinogens reaching
the lung is considerabiv higher (Falk and
Steiner; Kotio snd sssociates). The beazpy-
rene content of the air was increased fourfold
during smog deys (Waller).

Iv is diffcult, if not impossible, w reconcile
the abvious causal significance of this factual
evidence with the clam that such regional, and
£speciallv urban-rural, differences in lung cancer

frequency are totally accounted for by differ-
ences in the cigaretie smoking habits of the
two population groups or merely reflect local
discrepancies in the diagnostic acumen of urban
and rural physicisns and in the availability of
disgnostic madical facilities.

Such explanations become even less tenable
in view of the [act that the annual age-adjusted
increase in frequency of lung cancer deaths was
higher in 1914-30 than in 193144 (table 10,
whereas the markedly incressed cigarette con-
sumption during previous vears should hare
boosted the annusl progression rate above Lhat
seen during the earlier period. It has been sug-
gested (Lickint: Hammond} that this paradoxi-
cal behavior of progression rates is aitributable
to the fact that many cigarette smokers did
aot live long enough 1o develop & lung cancer
because of their precocious death from coronary
sclerosis, which also is assumed lo be elicited in

Table 0. A 1 sge-adj a8 i of fre-
queney of lung cancee movtality

—oraara—

Percent incrense

Sex
" 1914-30" 193140 1933447
Males.......o..-. 10. 5 83 58
Females._.._.._.. 80 2.5 20
t Doen,
1 Potter.

in Yomipute sarmplea of diesel exbrust with sarying’

Table 9. Estimated 1t of tie hydro ]
load snd engine sevolution spood and with fuel-injection inefficiency (Ketin)
Revolu- . .
uon: per  Load Condition Pyrene Com?und p?’cr::ae pfr:‘?:m "‘:2::
minute 3
1. 000 0 Compression release 137 22 1468 s 4 [}
4 287 76 463 12 43
538 175 I 124 223
1, 800 640 1. 320 610 302
! 2. 500 639 8 1. 285 458
1, 200 08 ] e h 43
7 ] 45 10 24
448 278 337 71 197
B8R 488 432 030 320
i 1.812 - 814 ). 706 96 B4d
1, 00 i 188 0 80 0
. ' 58 78 I3
i H 1.372 86
734 r 982 1. 071 Ty
346 1. 687 P44 665

} Quaptities are expreased in sgm./mis.

Envireamenisl Cawses of Cancer af Lhe Lung
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«vounted for by
smoking habus of
or merely reflecy
oslic Acumen o(
,d wn the nvnlnh,l"
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e snnual age.ay;
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193144 (ub;e )
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increane ¢ oy,

woriality
t ineresse
40! 19334,
K .
.5

Hon
; with vorying

Anthao-

rie threne

K- n

[ ] 3

12 o]

10 172

3 189
70 L3

40 -

1 197

- 320

a 44

0 -}

0 L]

, L3

1 307

] 568
P
the Lass

’ *‘fuzmion challenging the validity of the

cigarette theory and may periiap= lomentanjv
satisly the protegonists of this cuncept, slthugh
1L cannot be tsken seriously by anvone wha has
any competence in the study of arterioselerosis
4o (Hueper). [u is rematkable. moreaver. that

ges distribution of lune camcer in the after & co.nsidenb.le increase in _lung cAncer
- sum Wod meletted foreign counteies,  fFequency ln.RUﬂll obm_'red during the firsr
l—u-l decades of this century, this development seems

ﬁf to have come to a balt during recent vears.

o ol cddes Y agaretle MUK,

b, 0% ;n ssusticnl evidence
l apstion conveniently dJisposes

Vesr Author l::tn‘:ﬁ; u'cnrdil.:g o Anfilogow (cited b;r 'Licki!.)t).

comtr? ratic Coansidering the recorded strikingly irregulac
epidemivlogical behavior of lung cancer in diff-
/-/,: 1953 Dorn........ il erent countries. states, provinces. communities.
cmrd 3 |g-:x£ 2‘(,?:,';,;,;;.‘, . 88l and population graups, it is obvious that thiz
,’,56 Beeler ev 2l .. 1L 3:1 pattern scarcelv corresponds with the pattern
'lg:'li %,::?;f:;-l-!: : ‘23: pfestnted by the deg"ree ane spreadd of ths
184t Halnere. .. ... 141 cigarette smoking habit. I the action of ep-
1931 -\!cl urney et 20:1 vironmental carcinogens othier than those pos-
049 O'Keefe...... 2001 sibly contained in cigarette smoke should mainty
1941 Fuabe:o-r and 11.4:1 eccount for the remarkable increase in luny
1933 \,,";”’“ 10 cancer frequency and for the causation of u
Wepcans - ::gg a‘:;:‘grs ----- 1? 7 major portion of lung cancers. industrial an!
Nurrsy 1925 ..da.... ... 11 industry-related carcinogens would well fit this
e . ig;IT g'e':ﬂn':::n eee 1 pattern since the growth of industrial establish.
Dotk .- 95 don el 3 ments and the use of their products in the
- :ggg : g::.k“ ------- n'ii ! economic !i!e of different countries have greatly

Grwabs. N800 do. .l DEL Iacked uniformity in time, type and extent.
1000-1919 . .do g“ This concept receives support from a crit-
{gﬁ:ggg S ¥ 11 ical evaluation of the data on the sex distri-
10148 | do .. ... 3. 8 { bution of lung cancers. the changes in the sex
o :g:: g’.’;:;’;' i ratio during recent decades, and the probable
spauns .. 1847 Ssntas. 53: reasons underiying at least & part of these phe-
fagaod...... 143 Muson... #'31  nomens (tables 11 and 12). Considering the
remarksble variations which the male-female
s ratio of lung cancers has shown at different

' sfemeans liviog sn Los Angeles.

Table 12, Male-female ses ralio of lung cancery in Germany, 1286~1927 and 1540-50

18861927 1940-30
Cugy Author . Ratio | Ciey Author Ratio

6 7.1 { Dmdcn.-.......... Lickine........ . 15:1
5 3:1 .. K 1:1
25:1 13:1
91 I8}
37 9:1
23! 19:1
d6:1 21:1
5 2:1 il
L7 L. 0 iasencscenss B 18:1
| 915 S, 0.eecevovecaws F 24:1
80:1 Jeoma ... oo, ] 48:0
1.8:1 Bamburg...coa..... §2:1
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umes. 11 differsnt localities, and in different
demographic groups, it is most unlikelr that
such discrepancies and changes are sttributable
to fluctuations in the intensity of one single
factor. such s cigarette smoking. Instead, they
appear to be due to alterations in the type and
extent of the action of a broad spectrum of en-
vironmental respiratorv carcinogens affecting
the memhers of the two sexes to different
degrees.

The marked and growing predominsnoce of
males among lung cancer victims seems to be
due Inrgely 1a the foliowing factors:

. Males are more extensivelr emploved than
lemales in occupations which produce and use
known or suspected stmospheric carcinogens.
Also. males work more consistently and over
longer periods of their lives i such occupations.

2. Males predominate in outdocr occupk-
tions. especiallv in urban areas. where they be-
come exposed to carcinogenic pollutants in the
general etmospliere (effluents of domestic and
indusirial furnaces, exhaust from gasoline and
diesel engines. dust from rubber tires and from
nsphnlud and oiled roads).

Males more often than females perform
h!l!‘) pbrsical labor requiring deep and fre-
quent respiratory movements facilitating the
penetration of rarcinogenic air pollutants into
the diswal portions of the respirstory tract.
tberebv increasing the frequency and degree of
exposure.

1. Malgs more often than females work
through the entire span of their occupational
Bife within urbsn areas with proved carcino-

genic atmospheric polistion, while females siay
for larger portions of their lives in the cleaner
suburban dormitors communities.

These considerations provide substantial sup-
port to the concept that local differences in
general and occupational industrial air polly-
tants may more plausibly aceount for an ap-
preciable portion of the observed differences in
atiack rates for the two sexes rather than do
local variations in their smoking habits.

The doubts s to the unrestricted validits
of the cigeretie theory are deepened if critical
evaluation is msde of snother dubious link in
the chain of claims advanced to bolster this
concept. It has been maintsined (Grabam)
that squamous cell carcinomas of the bronchial
mucosa are & specific response to cigarette
smoking since (a) this histological type of bron-
chogenic carcinoms was allegedly rare before
1920; (b) it has increased considerably since
that date io relative frequeney in comparisan
to other histological types of carcinoma, es-
pecially adenocarcinoma; and (c) it is more often
found in males than in females,

The facts are as follows: Bronchiogenic
squamous cell carcinoma has commonly been
found with all known occupstional respirators
cancers (table 13). However, many of thes?
agents have also elicited other types of pul-
monary carcinomas, such as undifferentiated,
round cell carcinomss and sdenocarcinomas.
Thus, there is no evidence supporting the view
that anT specific respirstory carcinogen elicits
a specific and characteristic type of cancer. A
study of lung ‘cancet records of cases observed

Tahir 13. Histological 1ypes of vecupational respirstory cancers. ding to carcinogenic ngent
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before 1920, or even before 1900, readily estab-
lishes the fact that during those years squamous
cell carcinomas of the bronchi were by no mesns
rare occurrences (Woll, 1885—8 squamous cell

Table 14 C
bead.y hhnd -nd bah«l lin.dmn.
IM-IQSD (D-mu)
Pounds of wobacco per
head-year
Year -
New ] United
Zeslard | Kingdom
1000, .. .liceieiiaaan, 23 l 1. 95
111 2N ! 260 F X
[T T ' 3.59 . 2%
1030, . eeeimiaineans ' 328 33
M0, . aiceicemana 187 397
1050, _ ... iiceneieee 53 “n

carcinomas smoog 15 lung cancers: Probe,
1927—25 percent squatnous call carcinormnas by,
tween 1905 and 1918; Watsuji, 190323 percen

squamous cell carcinomas between 1892 wngf

1889; Adler, 1912—approximately 40 percent
squamous cell carcinomas smong 181 lung ear.
cinomas collected from the Literature with sde
quste histological dsta; Proc. First Nat. Cancer

" Conf., 104844 percent squamous cell eu-ei.’

nomas in males; 11 percent in females.

While sdenocarcinomas sre more frequent iy ;
females than in males, ther also are more ir~
quent in young persons than in old ones (Lind.,
skog; Proc, First Nationsl Cancer Conf., 1949).°
The evidence on hand scarcely supports the
coptention that adenocsrcinomas are of endog- .
enous causation (Lickint} or that thev have an'
euolng} differing from thst of squamous cell .
carcinomas {Krevberg). The male-female u}

Nore: The significance of the diffierence beyween observed sod expected deaths in the twa countries ir p< 0.001 *

*
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Table 15. Aversge death rute per year per million persons (males) froen cancer of the lung. I”Nl.
New Zealand nnmpnnd with England and Wales {Easteott)
Age
Petriod Country X | ;
; 3544 4334 | Sh61 8574 Tound
! i ; .
i [ ¢
193336 13§ 87 . 158 204 e
193741, ..., 33’ 08 nas 23 211
194041 126 424 802 718 [
1943-46. . 46 168 466 635 - e ]
194246, .. ...........} Englandand Wales....__. . ... ... 132 86 1,077 1,032 [
1947-51 .. .o iieenn. New Zealand.. . ... ..oo.oo.peenoo. 43 287, 737 1LOl4 1 )
1947-51_.. ... cc.o..-..] Englend snd Wales, .. ... .......... 166 781 1,682 1. BST 1,07 P
1953-53. 0 o omaanovon) New Zealand. oo o.....o.._i..... 81 305 1027 1456  L1N0
1952-53. 0 L.l od and Wales. ... ___........... 175 Bl 21N 2630 1. 888
Table 16, Obetrved and -pucl:d mortality fram cascer of the flung according 1c place of birth.
New Zealand or the United Kinpgdom (Easteott)
]
]
Age at ent=r 1o United Kingdom
Observed Expected Under 30 30 and over
Flsee of birth i desths 1 deaths R
»
l ' Observed Expected Observed Expected
i ; dexths desths deaths deaths
New Zealand, ..o, ] 632 | 431 15K - T D T P Ty !
United Kingdom._......... [ 3091 2719.9 0, 729.2 168 139 §
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ptio of lung cancer (1:0.7) among Mexicans
fsiog in Loa Angeles, as well as the ratio of
23:) for asbestonis cancers (Merewether), do
0t support the view that women have sny
sormonal protection againat the action of en-
sironmental respiratory carcinogens if identieal
ronditions of exposure prevail.

The claim that squamous cell carcinoma of
e bronechi is in any specific way relsted to
dgarette smoking thus mar be laid to rest,
sinee 5o special histological type of bronchio-
genic earcinoma bears any consistent connection
with aa¥ of the recoguized respirstory car-
rinogens.

Fially, it may be mentioned that there does
oot exist any parslleliam between the annual
per capita consumption of tobacco in different
countries and their respective pulmopary cancer
death rates (Herbich and Neubold; Gilliam)
{fg.5). It has been caleniated that the English
lung cancer rate is spparently double that ol
the Coited States, altbough the English smoke
¥ percent f{ewer cigarettes per capila then
dmericans. This interesting and perhaps sig-
aificant observation, which fails v support the

Peblic Heahth Monegreph No. 36, 1953
32310858 e}

1930

1940 1950 1960
validity of the cigaretie theory. is disposed of
by its proponents by sssuming that exposure
to cigaretie (ar is less sever: for Americans who
do not smoke cigarettes 1o the very end than
for English sinokers who, for economic ressons,
indulge in this questionable habit.

Recent epidemiological studies of Esstcolt in
New Zealand provided the most important data
on this point. It was found that the relstive
consumption of tobscro in pounds per head-yesr
for the population of New Zeslsnd and the

;pited Kingdom revealed an inverse relstion 10
their lung csncer death rates (tables 14 and 13).

Eastcott, moreover, found when comparing
the cbeerved number of lung cancer deaths with
the expected number for native New Zealanders
of British extraction and for immigrants from
the United Kingdom thet the immigrant group
meets with a much higher incidence of bronche-
genic cancer than would be expected on the
basis of equity, suggesting that the immigrant
has an increased susceptibility to lung cancer
(tabls 16).

The chances of dying of cancer of the luog
are 30 percent higher for all United Eingdom

API 06414
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immigrants. but {or those who were 30 years of
age or more on entering New Zaaland, the risk
s 75 percent higher, according to Eastcout.
Differences in babits of tobscco swbking are
uslikely w contribule to this picture, in the
opivion of Eastcott.

Herbich and Neubold pointed out that there
did not exist any consistent proportionsl fre-
quency between cigarette consumption and

lung cancer mortality for Upper Auatria and
Ksernten, on the one side, and for Steiermark
and Tyrol; on the other side. although in al) \
four provinces there prevsiled approximately
the same per capits consumption of cigarettes,
These suthors suggested that the high Jung
cancer mortality among the people living in the
margioal regioos of the northern slope of the
Alps might be related to climatic-atmospheric

s e—n

welated industsial chemieals between 1980
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it 300 Le irectog of prevading
Q"‘ whih hring the industrially poliuted
“‘f(‘ vienna wio the vallers of the northern
o’ . ,egions.
)E:‘m, observations on the infuence of the
= jling winds tpon the relstive frequency of
F* cancers in different sress of the English
.dl"“" were reported by Stocks. Herbich
VK cubold, moreover, found that the Jung
w r mOr(ality rates were twice as high in
anities located along main bighways,
the atmosphere was polluted with exhaust
" ¢ from gesoline and diesel motors and the
"u, and fumes of asphaited roads, than among
“inh.biunu of villages and towns situated
ote from such traflic arteries. In fact, .oe
= i luog cancers follows more closely the
e gs¢ in consumption of motor {uel and the
",n,xmction of aspbalted highways than the

consumpuion of cigarsties 52 6. U namona,
fig. 7, Hueper: und is simudar 1o the nicrease in
productico of other ceocer-related chemicals.

It is apparent from the numerous observa-
tioos and fects of genersl environmentsl nature
cited that there exista an impressive smount of
circumstantial evidence of different character
sod {rom various sources which strongly sug-
gests that several, if not many, enviroomental
factors acting in varyving degrees and combina-
tions cause or contribute to the development of
pulmonary cancers and are involved in their
recent rise in frequency, Much of the evidence
on band, particularly the irregular epidemio-
logical pattern of lupg ecancer, points to an
tmportant role which industry-relsted factors
and the growth of modern industry may have
sssumead in these respecis.

Occupational Evidence and Respiratory Carcinogens

The concept that environmental faclors canse
« oootribute to pulmonary cancers is supported
"epidemiologicd, medics], and experimental
widence obtaioed from analysis of lung cancer
aus of various occupstional populstion groups
u well as by studies of lung cancers and their

striking difference between the rates for agri-

cultural laborers and for employess in the non-

ferrous metal industry, with rates for trans.

portation workers occupying a pasition directly
behind the rates for nonferrous metal workers.
It seems 10 be characteristic ol inhabitunts of

sgricultura] areas to rank first in death rates
{from cutaneous cancer and last in rates for
pulmonary cancer. This is in accordance with
the relationsbhip between solar mdistion and

wecific and different eausal agents present io &
aumber of restricted worker groups and in
wlldefined industrial operstions.

Tabla 17.

idemjologi death L.000 deaths
Epidemiological Data on Large ‘ul::‘.:-m duath rates per 1.000. etk
5,309 (Managuan)

Isdnstrial Groups St
Epidemiological studies on the frequency of
lmg eancer among members of lerge industrial Indusuy Death
poops and trades bave brought to light the raze
estence of marked variations io the linbility ool al. am
o persons engaged in differevt occupations Lo ket >0
ascer of the Jung. Tables 17-19 supply Tiﬁ
wiking illustrations of these differences snd 153
@ sume of the factors which may possibly be -
'—f—":‘" maponsible for them. —
was Table 17, which lists lung cancer death rates I |
Iv sven industrisl groups in Ohio, shows a
18
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w-four lung csncer cases were found among
5000 dock workers at Hull. England. of whom
2500 were exposed 10 gramn dust  There were
10 boder sealers wuth Jung cancer.  With the
acepticn of 1 hoder scaler, none had any
naiological evidence ol pneumoconiosis and
eniv 3 had 8 alight degree of pneumoconiosis
upan mstological exammnation  No lung can-
cers were whserved among dockers who were
30t *td0sey (0 prawn dust. [t may be possible
st no:ler sewlers sustain A cervinogenic expo-
wre to chiromate-conlamng scsle, if chromates
wrre used As antirusting ageats, or that these
®orkers systein & pulmonars depomition of
woti nxide. Whether specific vegetable matter
o some carcihogenic contaminant of the gran,
wich s residues of chemieal fungiesdes or other
processing or preserving agents, sccount for

Pablic Heaith Monograph No. 36, 1955

the abnormally high frequency of lung cancer
amopg grain dockers is at present & matter
for speculation.

Mention also may be made of the recent
observation of Faulds op the excessive [re-
quency of pulmonary cancer among English iros
ore workers employed in mumning aclivities at
two different locations. ' Necropsies performed
on these miners during 1832-33 showed a lung
cancer wcidence of 9 percent (192 necropstes
with 17 lung emncers), while post-mortem ex-
sminations done on 2,378 males of comparsble
age who were not employved io these mines
revealed that only 44, or 1.85 percent. bad
primarvy lung cancers. It u remarkeble that
there did not exist sny parslelism between the
degree of pulmonary Sbrosis observed in the
wron miners ond their liabitity to lung cancer

17




(degree of fibrosis in cancerous lungs, 1 plus;
in tuberculous lungs, 2 plus; in fibrotic lungs
without cancer and/or tuberculosis, 3 plus).
The absence of & positive correlation between
pulmonary Bbrosis and lung cancer was noted
when the evidence on lung cancer among the
radioactive ore miners of Joachimsthal and
Schoeebery wes analvzed (Hueper). Although
the actual causa] factor responsible for tbe
lung cancer among iron ore miners remsios to
be determined, it may be mentioned thst Levin
and bis co-workers recentlr recorded s positive
statistical correlation between an occupational
exposure to iron oxide and heat and cancer of
the lung. ' .

The studies of Breslow, Boaglin, Rasmussen
snd Abrams on 518 histologically proved cases of
lung cancer in Californis suggested the existence
of an increased liability 1o Jung eancer for
members of the following nccupstional groups:
welders, sheet metal workers, stesmfitters,
boilermakers. crane operators, and nonferrous
metal smelter workers, that is, individuals who
are exposed 1o metal dusts and fumes; oilers. oil
field workers. wipers, and marine engineers. who
bave contact with oil fumes, mists, and spravs;
s=bestos workers ; construction and msintenthce
paioters. who inbale vapors or various organic
solvents, resing, lacquers, plastics, and rubber,
as well as finely dispersed ivorganic and orgsnic
pigments (chromium. nickel, copper and arsenic
compounds, carbon black, aniline dves); and
commercial cooks exposed to fumes and mists of
overbested vegetable and unimal faws and
mineral pan greases.

A recent study of the causes of death of the
members of the laternations! Phowengravers
Umion rawsed the suspicion of an excessive lung
cancer linbiliy for members of this occupations!
group.

From: (e different lung cancer death rates
listed for the various occupsiionsl groups, it is
pbrious that the toial number of workers
possibly exposed to occupational carcinogens of
known or still unknovwn nature is evidently very
farge and comprises workers employed in basic
and processing industries, construction, irans.
portation, services, trades, laborstories, and pro-
fessions (fig. 8). It is, oo the other hand,
equaily clear that the quantity and quality of

18

information available on the occupationy
aspecta of Jung cancer causation are deplorably
defective because of an absence of extensive and
prolonged analyses of lung cancar deaths among
various industrial groups for specific causg]
factors. The evidence on hand nevertheless i
sdequste for demonstrating that the wide variy.

tions in Jung cancer irequency apparenty f

existing batween different industrisl populstion
groups sre sttributables to differences in more ar
leas well-definable occupstional expesures and
not to differences in cigarette smoking habits.

Occupational Respiratory Cancers
and E:mn ogens

Cooclusive evidence of the existence of
exogenous carciogens and environmental re
spiratory cancer hazards is provided by the
epideminlogical, medical, and experimental dana
concerning occupational respiratory cancers.
A general view of the occupational respiratory
cancer panorams; including causal sgents, and
organs affected is presented in table 19,

Stope of Environmental Lung Cancer Hexards
An indiscriminate scceplance of the figures
given in table 20 ns reflecting the actual soope of
these identified and recognized respiratory
cagcer brzards, however, would be seriousls
misleading, despite views expressed by severd
protagonists of the eigaretie theory (Ringerw:
Wrypder sud Graham; levin; and others)
Although & definite demonstration of specific
occupational_lung cancer hazards has so i
been made for only relatisely restricted worke
groups, tbhe evidence on hand is oot only up
equivocal but also indicates that other worke
groups exposed to the same causal agents o
subjected to identical or similar working cond-
tions are subject to the same bazards. I®
contrast to the spparently low carcinogeni
potency of the suspected, but unidentified:
agent presumably contained in wbacco smoke
the occupational respiratory carcinogens w¢
evidently highly potent. as shown by their bigh
respiratory cancer attack rates (table 21).
Since environmental carctnogens have bet®
shown to produce cancers wherever they opers#
in wdequate inteusity snd durstion, and oo
sidering the {sct that many of the occupstion

-
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Table 20. Ocrups

Arnemic... .
Asbestor.....
Chromates. .
Nickel......

Coalrar.......
Pewroleum oils.
Isapropyioil.. ..

Radjoactive chenu

Total. ...

Aromatic hyarocar!
1 tar fumes. .
Petroleurn oils. .
Carbon and silicon

leopropy oil. ..
Asbestos__..

'\h'\il.s
Arsenic. .

Cliromates. . .

Nockat |

t°hizir{; radiatioa:
DActive ores

Public Realits Me




-

'tDatinn Py CWOLOZERS  guveur es  wndusuy- The appriximate scupe of occupstoasl es.
wplorahy "'P zeamd aimospberic pollutants. it mAY  posures o the various respiracory vircinogens
sive "nz ;:ﬂ be assumed that these pollutants repre-  may be estimated {rom data supplied by Bloom-
the cause of o significant portion of lung  field and his co-workers. From a survev of

-3 AN,
fic cay ,ys among members of the general popula-  1.503,204 workers employed in all industries of
tehelesy ; especially those who live and work in 10 States, it was found thst 7,976 were exposed
dde “lri: uu,, industrialized aress. o fumes sod dusts of chromium compounds and
pparent|,
x ul s v , Oceupational r '0 N " and . 1ad A -- i . thei .
Pulatioy goble ® Lot Y ey ; past 35 years, their causes, sites,
@ more o, umbers
sures tng — ' .
- habits . Number of recorded casex
. . dis-
Agent Site of eancer Year
covered  Cnied  Other o
States eauntries
g1 I8 &
=& 4
ace of 35| #5 19
ental Te. 01 34 I
d b 0! 31 §t
) dy the P Lung. 0 33 33
otal daty ails.. ..ol Lung and farnyy. ... ... ..100. 1936 . 33 10
jeum
cabcers |mmpvloxl-.4., e e - Lnng--.................._... 1946 1 g t
s - PSS S ‘emeesennan 4 ] 4
-Spiretory X , tnu.lnn\u ceneeieseens e : 20 sz
ents, tiverhemicals.. ... ... Lung.omeoove i cinioiiaa. . ' 625 5
e And | aderet Nusaisingso oo NI Al 3i o 3
7 J PP 125!  LOO1 1. 126
Hazard,
te figurey
1 scope of Table 33. Respiratory cancer sitack rates, by envi t inog:
R P
spiratory I -
seriousiy Attack rates
¥ several {ocidence in
‘gertz; Carcinogen Sites of cancers population  Percent Rate per 100.000
<hers) i at risk of all
o cancesr
- specific deaths  Morbidity . Mortality
v s far — ——
d worker \omatic hydracarbons:
only un. s"a' Temsesseeessis i
t worker Carbog and illicau polymers: r ) 135 ’
aranssal sinuses, . . -3 ( gor- -
gents or Yopropyl ot ... arore. } 10:000 " R e wovrenaeaes
¢ condi- Asbestor. ... Lung"'- : (13.2-20_percent as-
rds. In bestosis  autopeied
. . (0.8-2.4 perceat
mnogenic el ' normal)}.
1 etals: N H - °
entified, v ' o eiceddecaencoce... 5.7 males (10.9 nore
+ stnoke, ' [ mal}
»0s are (.‘hromnc:.,.........‘_..i'l'.uu ........ —e- [ ({znﬁ)nar- 146-338
wrhigh U G Naror. parasasal 1 329:100, 000 'I_- S
L. | Latog if 574:100.000 {1 0 0. {{20X wor- .. .-
ive been o H Temomeses roal). |
S operals n‘lgs radiation: .
joactiveorem.......... | XTT.7 RN ISP verancuafrconiasainnaccnananen | (50-80 percent of all
sad eop- veors s ] ¢ deaths),
pational j ] ~
A Lang - Mowogreph Na 36, 1958 _ 1t 1
§

API 06420




3.356. to fumes and dusts of arsenicals. For
industrial workers of all 48 Staves. respiratory
health bazards existed from the inhalstion of
dust, fumes, mists, and vapors for 35,000 indi-
vidunls emploved in ssbestos operations, in
33.000 having contact with arsenicals, in 240,000
inhaling various types of metal dust, and in
7.500.000 havng cutaneous. respiratory, and
ingestive exposures 10 various combustion and
distiation products of coal tar. pitch. creosote
oil, sc0t, and to petroleun: fuel oils and lubricat.
g oils, greases. and cooling oils. to name & few.

The highlv defective state of knowledge con-
cerning the actual number of accupational respir-
alary cancers is. moreover. demonstrated by
the fact tha! information on the existence and
rumber of such cancers in specific industrial
operations with recognized respirawory cancer
bazards is distinetly spotiy, pot only as to deta
avgilable from different countries bur also
roncerning those on hand from identical opera-
uons of the same country. The following ob-
sercations may illustrate this point.

The existence of an excessive lisbility 10 can-
cer of the Jung from en inhalation of coal tar
fumes Uy retort sttendants of gas and coke
oven plants has been established by a few re-
ports from Jepan. Capada. and England.
Apart fram these isolated daia, po others are
available for mumilar operations from these or
any other highlv industrialized countries (Ger-
many, Upited States. France. lialy, Poland.
Russia). Likewise. there iz no official record
availshle concerning the occurrence of respir-
atory cancers smong carbon elecirode makers
and atendants in slumisum manufsciuring
plants. where workers become exposed 1o dust
and fumes from the pitch and petroleum asphalt
in the electrodes. and where. according to in-
formation avadable from four different countres,
tar and asphalt cancers of the skin hate been
observed as the result of such contacts,

It is. moreover, surprising that data on the
occurrence of Jung cancers among producers and
users of arsemcal wmnsecticides have been re-
ported almost exclusivelr from Europe. al-
though the United Siates has been for many
vears the main producer and consumer of these
products. Similariv. reports as w the existence
of respiratory cancer hazards from an occups-
tional inhalstion of mists and fogs of lubricating

snd cooling oils have so far totally originaied
from Europe. despite the fact that American
industries offer ample opportunities for identical
exposures, that sn excessive lLiability 10 lugg
cancer has been noted for paraffin pressers em-
ploved in oil refineries. and that the surver of
one oil company has shown that there was o
marked predominance of opersting refinery
workers among the lung cancer victims of this
particular orgenization. .

Finallv, attention may be called to the fact
that the entire evidence as to the existence of
lung cancer hazards for radioactive-ore miners
has come from the observations made in Schnee-
berg mnd Joachimsthal. However. miniog of
uranium ores has been carried on for 10 10 20
vears in the Congo, Canada. and the United
States and extensive milling operations of the
Alrican ores have been conducied in Belgium
for many yesrs without any official record of
similar respiratosry complications among the
workers employed.

Additional incompleteness of the existing rec-
ords on occupational respiratore cancers msy
be related to the possibility that pulmonary
cancers may bave their causstion from agents
entering the body by an extrarespirsiory route.
While all known respirmtory carcinogens are of
environmental origin and are inheled as
pollutants. there exists some suggestive occups-
tional. medicinal. and experimenial evidence
indicating that agents iotroduced by other
routes may be eflective in eliciting Jung cancers.
Severs! cases of lung cancer are on record which
developed after an oral administation of -
senicsls and which appeared in individuals with
arsenical dermawoses and skin cancers (Neu
bauer;. Lung cancers also have been observed
in some aniline dve workers suffering fro®
primary occupational bladder cancer (Maller
following prolonged cutsneous, ingestive, snd
respiralory exposure to dusts and vapors of
ceruain carcinogenic aromatic amines. Tbe
possible scientific and practical significance ©
these findings is suggested by the experimental
observation of Jung cancers in 10 percent of
rats given the potent carcinogen, 2-acetyiamine
fiuorene by an extrarespiratory route (Biek
echowsky). A cuwaneous as well as parenter
introduction of coal wr and several polycyehc
bydrocarbons as well as of urethane resuited it

S
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paiee” aw! Types of Respiratory Cancer
Ha:zards

{ s mOP of the distribution and relative ron-

irsiion of the different carcinogenic air pol-
Lyants were prepared for a given area. it would
h;gnbil 4 sort of crazy quilt pattern o which
¢ . geoersl atmospheric pollutants would fur-
v “the overall background color. varying in

th between darker urban areas and lighter
districts. Other types of carcinogenic
‘lmgphel‘ic pollutants having & more circum-
cnbed field of distribution would appear as
gulacly arranged and variously sized mad
geped spots and islands of different colors
m,ﬁmposed upon the genersl background.
Ji sands 10 reason that such locally differing
oxposure pstterns are bound to exert an ime
at influence upon the epidemiological char-
scter and incrdence rates of pulmonary cancers
of vanous regions: each one of the various
arcinogens would produce its own epidenu-
odopical scatter pattern showing s diminishing
spread of cancers from muhiple rarcinogeaic
uctton focr.

The following threv main rvpes of exposure
w epnronmental ptmospheric carcinogens may
be distingwshed:

1. Genera! environmental stmosphenc ex-
posures to certan alipbatic and polyeyelic
iydrocarbons released into the atmosphere as
weomplete combustion products of domestic
wd industrial and ship fuels. as paris of the
ahsust fumes of gasoline and diesel engines. as
sbrasion products of rubber tires. and as dust
from ssphalted and oiled roads: exposure to
wsenicals contained 10 the mineral esh and soot
of burned roel and in the eMuents of certaip
metal smelters, and reiated to the large-scale
we of arsenical pesticides: and exposure 10
ndiosctive material either naturslly released
bam the soil and {rom bodies of water or pollut.
mg the atmosphere ss the result of nuclear
explosions.

2. Special and locally restricted atmospheric
wposure 1o carcivogenic pollutants of the air

: Health Monograph No. 36, 1955
J4BTOEene 3 rommmrmedt

exits in the vieuey of nonderrous metal <niedte
vrs releasing in thew vffluents and from their
slag heaps fumes and dust contsining nickel.
arseucals. chromium compeunds. and bersili-
um. Similar exposure exiits in the wicinity of
rasbon binck planis. oil refinenes. 1ar distilleries,
gas plants. and similar industrial establish-
ments producing large amounts of soos or other
polyerelic hydrocsrbon conaining effiuents.
and in the vicmity of radioartive ore mills and
stomic energy plants.

The individualizad t¥pe of air pollution con-
nected with the smoking of robacco. wth its
suspected carcinogenic hazard 1o the fung in
the specisl form of cigaretze smoking, may be
included in this t¥pe of exposure to atmospherie
careinogens. )

3. During the lsst 75 years. an increasing
number of specific chemical and physical agen:s
have either definitely been recognized or are
strongly suspected of being responsible for the
appearance of cancers of the nares. peranasal
sinuses, larvar, and lung samong members of
certain  occupational groups. These specific
occupational ¢xposures are associsted with the
inhalation of cosl tar and pitch fumes and dusts.
mists and fogs of peucleum derivatives, soot.
vapors of isopropyl oil, that is. the crude liquor
from which isopropyl alcohol is distilled : arsenuc,
nickel, chromium compounds. asbesios, snd
ionizing radiation. Since the available evidence
establishes such carcinogenic connections with
oniy some, but not with all. inhalants, such as
siliea or coal dust, it is apparent that carci-
pogeuic activities sre not associted with all
atmospheric pollutants,

Occupational Reapiratvry Cancers

The respiratory cancers of recognized or
strongly suspected occupational origip are im-
portant, not only as industrial disease manifes-
tations bui also &s prototypes of etiologically
snd topograpbically identical cancers affecting
wotkers in other, similatly bazsrdous occupa-
tions as well as of those cancers involving an
indefinite portion of the general populstion sus-
taining for enviropmental reasons coniscts
with the same industry-relsted carcinogens.
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Physicochemical Statr of Atmospheric Carcine-
gen: and Topographical Distridbution of
Cancers ¥n the Respiratory Tract

In apreemaent with observations made as to
reasops for the topographical distnibution of
environmental cancers in other duct svstems
turogenous and alimentary capal). respiratory
cancers of epvronmental origin are preferably
pccupring sites where (a1 the fow of the inhaled
polluted air is interfered with. that is. in the
normal narrows of the respiratorr trect. such
as the region of the pasal turbinstes and the
larvnx or its bronehial bifurcauions. or (3) where
the respiratory tract {orms dead end saccuia-
tion= surh as the paranass] sinuses and the
penipliera} bronchiolar regions of the lung. in
which mheled carcinogenic matier mayx meru-
mulate. condense. and precipitate.  The traffic
pattern of zir pollutants o the respiratory trar
thus rorresponds to the distribution pattern of
recpiratory  eencer- elicited by atmospherie
FRICIIOENS .

The second principel factor which determines
th+ localization of an environmental cancer
within the different secuions of the respiratory
trers 3z represented by the phssicochemical
sintus of & particular ckreinogen. since this con-
ditior: Jargelr influences the site or sites of chief
exposure 1¢-ap atmospheric carcinogen. Car-
cinogrnic. dusis consisting mainly of coarse
particle: are mawnly arresied in the nares. where
they cause cancert of the turbinates: The
nesal rancer: observed among copper-nickel
matir- refinery workers inhaling the coarse dust
of the roasters illustrate this interrejation.

The excessive incidence of larvox cancer
emong mule spinners inbhaling carcinogenic
sbale ol spraved from the revolving spindles
likewice provides another example of this mech-
snism becsuse it is likelr that the relatively
large droplets of this oil ere arrested ip the upper
portions of the respirators tract. making the
narrows of the iarynx the part of main exposure.

Dusts or mists romposed of particles baving
8 diameter below 4 microns. on the other hand.
penetrete into the deeper paris of the respira-
tory system and therefore are mainiy responsibie

22

The bronchin-
genic eancers found among chromste manufar-
turers. asbestos workers. and coks oven and gas
retort workers are representative of this type of

for the cancers of the bronebi.

exposure. Atmospheric pollutanis of gaseous
and vapor 1¥pes not only penetrate into the
lungs but also inta the nasal sinuses, where ther
may be deposited by degradation into solid:
{radiosctive gases). by decompositjon into solids
(nickel carbonyl). or by condensation and poly.
merization into liquids or solids (aliphatic epox.
ides contained in crude isopropanol liquor:.

In assessing the relationship between the
phrsicochemical status of atmospheric carcino-
genic pallutants and the localization of rancer:
within the various paris of the respiratory trac
consideration also must be given to the fact that
gaseous and liquid carcinogens may become ad-

sorbed 10 the surface of carcinogenically inert

solid dust particles and behave under such con-
ditions more like solid particles Such com-
binations. for instance. occur in relation 1o the
exposure (o radicactive gases adsorbed to rock
dust in uranium mines as well as concerning the
inbalstion of liguid or solid aliphatic and poly-
rvclic cercinogenic hydrocarbons adsorbed to
the surface of mineral road and industrial dust
or of carbon constituting the bulk of soot.

The first evidence indicating the existence of
causal relations berween environmental factors
and the development of cancers of the Jung was
recorded in 1879. when Harting and Hesse
established the cancerous neture of the lunp
diseases prevalent among the radioactive-ore
miners in Schneeberg. Saxony. This discovery.
of historical importance and great present sig-
nificance, attracted litile attention at the nme
because radionctivity was stil) an unknown fac!
and cancers of the jung were comparatively rare
belore the turn of the century and therefore of
little medical interest.

It was not until the third and fourth decades
of this century that additional. well-defined
occupstional activities and environmenrs!
agents were agsin related to the eausstion of
cancer of the lung and other parts of the respirt*
tory tract, that is. the nasal cavity, paranast)

Environmental Causes of Cancer of the Lanf
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(00E workers exposed 1o lubricating oil
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U

specific Carcinogens
Inorganic Chemicals

NICKEL

Nickel. one of the most industrially important
artals and pnncipally mined in the Sudbury
distnet of Ontaro. Cansda. has many uses:
lovs (firon. copper. chromium. sluminum.
cobalt!: molrbdenum (employed in the manu-
fscsure of siainless steel. hest resisung steels,
forpogs. €asts. wires. sheets, structural shapes,
twbing. rods. bars. strips. and so ons: electro-
plsung: csralysts: ceramic enamels and colors:
pigments w0 paints and inks: storage batteries,
and so on.

Exposure to nickel fumes and nickel dust of
meullic_nicke] and 1ts compounds or to nickel
carbous! vapors is therefore, frequent for indus-
tnsl workers of many 1¥pes and in many opera-
nons - While skin contact to nickel and nickel
alts ot infrequently results in the development
of an apparently allergic type of dermatitis,
whalation of the volatile nickel carbouyl. has
been responsible for an appreciable number of
scute and often fatal poisonings. The pul-
mouary manifestations {congestion, desquama-
ton of aiveolar epitheliwn, fhrinous seeliular
exudation 1oto alveolar spaces, bronchial mu-
rosal bemorrhages) are apparently attributsbie
to the toxic action of finely dispersed mickel
formed from the disintegration of mickel car-
boos! upon Phe pulmonary structures. Krafft

‘Public Health Monograph No. 36, 1955

~uggeste] thet these reactions are the pesuis of
a pickel allergy huving the lung as os chaei
organ. i

The first report concerning the orrurrence of
an uxcessive number of cancers of the nassl
passages (nass! cavity and parsnasal sinuses
and of the lungs among workers of the Clydach
plant of the International Nickel Company.
located st South Wales, England. was made
by Grealell in 1932, although the first appear-
ance of these neoplssms among the nickel
refinery workers was noticed in 1924 (Baader,.
Subsequent reports dealing with these cancers
were made by Stephens; Amor: Cooper (E. H.);
Carozzi: Bridge: and Merewether. From 1923
to 1948 inclusive. there were reporied to the
Chief Inapector of Factories & to1al of 47 cases
of cancer of the nose and 82 cases of cancer of
the lung from the nickel works. By the end of
1948, 46 of the workers with nasal cancer and 32
of those with Jung cancer had died. Nonv of
the patients with nasal cancer and only 2 of the
patients with Jung esncer had commenced work
in the nickel refinery after 1924, when & recon-
struction of the plast bad been carried out.
The average exposure period for the nasal can-
cer patients was 23 vears irange. 3-26 vears).
and for the lung cancer patients. 25 yvears irange,
1-33 vears). No cases of cancer of the larynx
have occurred, and only t cancer of the naso-
pharynx was observed at Clydach.

The nasal cancers involved the tnrbinares,
nasal septum. and paranssal sinuses (eth-
moids). Of these, the majority were of the
undifferentiated cell type (6). some showed a
squamous cell character (31. while columnar
cell carcinomas were uncommon (1i. Of the
lung cancers. of which histoiogical studies were
acailable in only 4 cases, 3 were of the small
cell, pleomorphic type. while 1 was 8 squamous
cell carcinoma.

Similar observations were recently recorded
from s Norwegisn nickel refinery. where 3 cases
of lung cancer were seen (Lsken). In one of
these cases a squamous cell carcinoma was
sssociated with sarcoid lesions.

Goldblstt and Wagstaff mentioned that so
far cancers of the respirstory tract bave not
been noted smong the workers employed st
the German nickel refinery at Ludwigshsfen,
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por has there been reported an unusual fre-
quency of raspiratory cancers among the work-
erx of the Sudbury nickel ore mines and smelters
in Canada, although several cases of nasal sinus
cancers were recestly seen in one Canadian
nickel plant.

Amor poipted out that the msjority of indi-
viduals emploved st Clydach who developed
respiratory’ cabcers were not exposed W the
inhalation of nickel carbonvl but to that of
nickel matte dust or dust from the nicke]l matte
roaster {Leken). More recent dsta communi-
cated by Morgan counfirmed this observation,
slthough exposure w nickel cerbony! vapors
bad oceurred more frequently among-the af-
fected workers than was apparent from the
deta previously given by Amor. The rela-
uvelv high incidence of cancer of the passl
eaviir indeed sugpests that a rather coarse par-
uculdale dust readily arrested et the region of
the turbinates mey have been active in the
praduction of cancers at this partiruler site.
while nickel-contamning vapors or & verv small
particulate dust n.«t likelr acrount for the
cancers of the lung and nasal sinuses.

As 10 the causative agent. various theories
bave been advauced. Amor favored the con-
cept that the inhalation from arsenic-containing
sulfunc acid used in the refimng process was
the active cercinogenic agent. It is most
unlikely that this is correct because the nickel
refinerv workers do not suffer from perforated
nasal sepis and displax no evidence of chronic
arsesicism such as dermatosis and cutaneous
cancers, which almost slwsyxs bare accompanied
the oeccurrence of Jung cancer among workers
exposed to arsenical dusts or fumes (Hueper:.

Arnor stated that the refined nickel-copper
ores are free from radicactive matter, The res-
piratory cancers observed among nickel refinerr
workers thus are not identical in etiologr with
those seen in miners emploved in the radioactive
mines of Schoeebery and Joechimsthal.

Workers emploved st the roasters. in the
nickel carbony] operstion, and in other parts
of the plant. on the other hand. become exponed
to the inbulation of dust, fumes. or Tapors con-
taining nickel. Nickel is the common denomi.
nator for all of them. It thus is most probable
that tbe respiratory carcinomas observed among

4

nickel refinery workers are reaction products
meore or Jess finely dispersed nickel particles or
vapors. There is no evidence available. how.
ever, which indicates that the inhslation of
nickel in particulate or vaporized form is ac
compsnied by pulmonary changes of & pneumo-
conjotic nature.

The concept of a nickel etiology of respiratory
cancers was tested in animals by Campbell. who
exposed mice to the inhalstion of powdered
nickel matte and observed that these aniroaks
had s lung tumor incidence significantly higher
than that of the unexposed control mice. The
recent experiments of Hueper seem to demon-
strate more conclusively Lhe carcinogenic prop-
erties of metallic nickel. When pure metallic
nickel powder wax implanted into the femorsl
and pleura) cavities and subcutaneous tissue of
175 rats, cancers developed a1 the site of injer-
tion in 50 of them.

Whether or not nickel assumes a carcinogenic
role for cancers of other organs and following
exposures by other routes is uncertain. It mar
be mentioned. however, that Araki and Mure
demonstrated, by spectrographic methods.
nicke] in human and animal csacers of various
types and sites. The nickel content ranged {rom
6.273 mg. per kilogram of fresh tumor tissue te
02 mg/kg.

No assessment of the degree of accupationsl
nickel cancer hazard can be made from the dats
available since the number of workers st risk is
unknown. Likewise. no definite opinion cad
be expressed as 10 the possible existence and
extent of fespiratory cancer hazsrds for persons
baving for other ressons conwact with dust
fumes and vapors conisining nickel or its com-
pounds.

cCasOMITS
Chromium a5 & metal. alioy. ar compound ¥
used for many purposes in industry, It is for

this reason that a large number and variery of
workers bave contact with chromium and chre-
mium compoundsand that even restricied grovps
of the general population msy possibly be
come exposed 10 these agents in the form of dust
vapor. fumes. mist. liquids, end solids (Bourn®
sud Rushinj. Workers most likely to be o8
posed o chromjum and its compounds arf
scetylene workers, aniline workers. bleachers.

Eavironmental Cavses of Cancer of the Lunf
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e, AR SUFKERS, cipemium pluters.
et \e mannfacturers. chromite miners. cray-
anot ors. dve workers. electroplaters. enamel
oD . plas and potiery frosers. glass colar-
o wery glazers. ertificial flower makers,
P makers. linoleum workers. puint mak-
¥ 'k makers. painters. photographic work-
o ':ow,.ugnrers. polishers, printers. rubber

steel workers. tannery workers. vul.

L rs: waterproofers of textiles and paper.
oM cers of chromarte entirust agents in
"_‘d { engines. automobiles, steam heat in-

ons. and bitumen and oil refineryworkers.
enviranmental stmospheric contamina-

" gith chromium compounds mav result
ot the release of chromium-containing indus-

wastes of chromate plants and of oil
- eries USIDE & chromium-containing silica

\alest for the catalxtic eracking of oils. An
'.m'nnmenlll spread of chromates may slso
&of the use of such compounds as antirusting
i in sutomobiles and for anticorrosive
ronding Of suplsnes.  Since many of the
pdustrially used chromium compounds exert
, corrosive Action on ussues. skin contact

‘o ishalation of such agents results in the
velopment of chrome ulcers of the skin and
sl septum which in turn provide definite

of so ecisting health hazard. Com-
senting oo the sppesrance of such manifesta-
nons amoong workers in new industries using
Aremium compounds. the Chief Inspectwor of
racwones of England and Wales remarked in
g report of 1944 that “the control of old
pasards \n pew industries is of interest 1o others
o well as to the student of industrial health.
for 1t wouid seem that in many cases the bazard
s nol recoghized untll damage to tissue hss
been dope. when old principles have to be
miearnt snd adapted to new uses,”

This reflective observation seems to be quite
wpropriste when contemiplsting the possible
rmtence of respiratory cancer hazerds for
ndiriduals employed in the numerous indus-
wwl operstions for which no pertinent pub.
bhed dats of any kind exist at the present time.

The observation of apparently occupation-
monected cancers of the respiratory organs,
wecialls the luog, bas been limited so far
® two types of operstions, the production of
“romates frouf chromite ore and the manu-

Ml Heakh Monograph N 36, 1955

{wturs of Cefta cnronuunal pEienis GnRe
chromate. burium rhromate. lead cnromate-.
In these aperations. both wster-soluble and
insoluble chiromium compounds are inhaled by
the exposed workers. The chemical naturs of
the actusl carcinogenic agent which is respon-
sible for the excessive liability of chromate snd
chromium color workers to cancer of the lung
is still controversial,

Although all investigators believe that some
chromium compound or compounds are causallv
involved, it has remained uncertrin whether
the compounds suspected are hexavalent or
trivalent, water soluble or insoluble, mono-
chromates or dichromstes. Water soluble
chromium compounds (monochromates. di-
chromates. and zinc chromate) are most often
incriminated.

Mancuso and Bueper recently pointed out
that it may be more likely that earcinogenic
effects are elicited by chromium compounds
which are either not soluble in water or are
only slightly so. because such chemicals. when
inhaled as dust. would be retained and depusited
in the lung and thus exert & prolonged effect
upon the pulmonary tissues. Such chromium
compounds present in & chromate plant would
be represented by chromite ore and its early
conversion products preceding the lormation
of monochromates. These little water-soluble
trivalent chromiumn compounds occur in the
maleria] present in mixers and roasters and
are contained in the slag which usually is stored
for future use in the yard ares of the plants.

Supporting this concept as to the chemical
pature of the carcinogenic chromium compounds
is the fact thet workers as well as animals ex-
posed to the inhalation of chromite ore dust
hare pot onl¥ & high chromium content of the
lungs but slso en excessive blood chromium
level {Mancuso and Urone). Recent experi-
ments on rats which inbaled finely powdered
chromite ore dust showed that sfter 18 months
a chromium level of 13.0 and 17.0 gamnma. re-
spectively, in 100 cc. of blood was found in 2
ratsstudied. This finding, moreover, definitely
establishes the fact that a fraction of the chro-
mium contained in chromite ore is solubilized
in the pulmonary tissues and discharged into
the blood.

API 06426



Additional support of a causal role of triva-
jent compounds may be derived from the ob-
servation that 10 of the 20 chromate workers
with lung cancer reported on by Alwens and
Jonas in 1938 wers not emploved within the
manufsctunng buildings or were repair men
or maintenance workers (blacksmith, glazier.
driver, welder. or manufscturer of sulfuric and
hydrochloric acid, produced in a nesrby build-
ing:. While all of them probably had some
exposure 10 chromstes. it is likely that their
rontacl with chromite ore dust or with dust
from the sleg heaps containing more or less
“insoluble” chromiwm compounds was much
more pronounced (Mancuso: Urone and Anders:
Bourue and Yee: Buckell and Harvex).

As the result of the retention of “insoluble”
chromium rompounds in the lung tissues. there
develops 8 blackish spottx pigmentation and a
spouy fibrous thickening of the peribronchial
and interstitial tissue where the chromium dust
partieles are deposited  This pneumonconiotic
randition called chromitosis was described by
Andrievskava and Mislavskava in chromite ore
mmers. And by Lukanin; Letterer, Neidhard:.
and Klett and Mancuso and Hueper in chro-
meute menufaciurers 11 was produced experi-
mentaliv in rabbitvs by Lukanin. Letterer rs-
peried 8 rhrome silicosis in & polisher in an
iron foundry who wnhaled silice and chromium
oxide dus:

While the stiempts of Gross and Koelsch
and nf Campbell 10 produce lung cancer in
mure by exposing them to chromate dust were
unsurcessful. Schinz and Vslimann. who im-
planied powdered chromium metal into the
femoral cavity of rahbits observed after more
than i vears. 1 ammal with cancer of the lung,
and 1 with rancer of the femur.

11 is definitely surpnsing ther an exeessive
liability to Jung erncer has been established so
far onlr for chromate workers in Germanyx
{Pleil; Alwens and Jonas: Teleky: Carozzi:
Gross and Koelsch: Alwens. Bauke and Jonas;
Lehmann: Martineck: Gross: Koelsch: Alwens
und associates: Goldblatt and Wagsiafl: and
in the United States (Machle and Greporius:
Gregorius: Baetjer: Hueper: Mancuso and
Hueper; Imprescia: Division ®f Occupationa!
Heakh. U. 5. Public Health Service: and in
chrome pigment workers in Germany (Basder:
Gross snd Koelsch; Letterer, Neidliardy and
Klett). Bidstrup found s single case of lune
cancer upon X-ray examination of the chest
of 321 chromate manufacturer: employed
for more than 10 vears in English plants. while
no date exist on this point in regard 1o chyee
mate-producing or -consuming plants in othe
coumtries. such as Switzecland. lraly. sl
France.

Apart from the excessive frequeney of lung
cancers among rhromate workers which ac-
cording to American observations. range: [rom
13 to 31 times the normal frequency of lung
cancers among the general male population. un
occupational origin of these vanrers is strangly
suggested by the shift of the age distrihution
toward vounger age groups  This is partsrularly
striking for the lung cancers present smong
German chrome pigment workers. since 30 per-
cent of the cancers affected individuals hefore
the age of 40 vears. when lung cancers of nn-
known etiology arp relatively infrequent «1able
22).

The quantiiative cla1a on the chromium cou-
tent of various orge ns and blood of persons with
chromium lung cancer have heen reporied by

several investigators (Alwens and Jonas: Let-

Table 22.  Apr distribution of casrs of chromium cancerr of the lung. accurding to 1y pe of worker

Age vears
T\'“- of aurker T T AT e S I e S e e s
21-30 | 3140 41-30 31~60 81-TC  TI-A0  Totd
AMErcan chromate. . veveennee innnanan.. . ] s )6‘ 19 10 } Fod
German chromate .. __. . P 3 7 14 12 1 3
Germosn chrome pament ... ... ..... 5 3 1 1. L
2 Environmental Caunres of Cancer of the Lunf

API 06427

terer.  Niedin
Hueper«. Spi
hebarior of il
and urwe in ¢
the developm
that in chron
exeretion of cf
ment of Jung
blood chromi
confirmed. th
impaortanre in
resperts
With the o
the nares
maxillary s
lung was the
nhserved ame
number of 1)
125 cases [r
repocied 85
weers.
Chromum
acrompany 1
lung in rhrot
facturers. I
the pneumon:
or modifving
process or wl
of coinciden!

Arsenicals
produet of tl
zine. silver.
nickel. tin. »
in the smeln
extensively |
ing past dece
vermicides
bait, rar poi-
Iy for clearin
ure applied »
and are dus
corn, sovheas
ploved as w
faciure of
bronzing an
and cosmeti
8id jts ron
“Environme
for 35251 =

Public Heahth




dustries. Thas definitely 1s 3 very conservauve
esumate of the number of exposed workers.
ronsidening the long. slthousgh incomplete. list
of different occupations entailing contact with
aesenicals given by Chamberiain. The estimate,
moreover. does not include the rather consider-

L s -xn»-:.;'vr' Niedhardt and  Klewr: Masncuso snd
wstablisho] ;:P er . Spenoagel recently uoted a peculisr

in Germay, qwr of the chromium conteat of the blood
pkv Clro,-.;,"‘ ::'nnﬂf in chromate workers befare and sfrer
e aud Jon,,’ » gevelopment of lung cancer. [t was lound
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in chromate workers the normal urinary
tion of chromium ceases with the develop-
o of lung cancer while simultaneously the
il"d chromium level becomes elavated. If
od, this observation may have distinct
[aporisnce in esusal, metabalic, and diagnostic
13. .
with the exception of 2 cases—1 cencer of
. DAres (Newman) and ! cancer of the
Jlary sinus (Goldblett and Wagstafli—the
waa the exclusive site of respiratory cancers
reed among chromate workers. The 1otal
qumber of these cancers is at present around

the pOrUMONOCOMIOLiC process plays 8n essential
or modifving role in the specific cancerization
process or whether it is merels s phenomenon
of coincidentsl coexistence.

ARBENIC

Assenicals represent a byproduct or wasie
product of the smelting of many orea (copper.
anc, silver. cobsh. antimoany. iron. bismuth.
pickel. tin, snd lead). Arsenicals are present
i the smelter fumes and siag heaps. They are
extensively produced snd used, especially dur-
iog past decades, as insecticides. fungicides, and

wm, soybean. and potato Gelds. They are em-
ployed 8¢ wood preservatives, in the manu-
facture of ginss, lsad-base alloys, dyestuffs,

able number of persons who are exposed Lo
acsenurals for purels environmentsl ressons by
ingesting arsenicals with foodstuffs contami-
nated with arsemical insecticide residues. by
consuming drinking water poliuted with arsen-
icals leached into drinking water supplies from
mive and smelter dumps, or by inhaling arsen-
icals released inta the air from industrial
establishments or by amall- or large-scale dust-
ing operations of arsenical pesticidas.

From the published evidence. it appears that
environmental and nonoccupstional contacts
with arsepicals have been responsible in recent

0ts in otha, 125 cases from all sources. None has been
Iraly. wpq wported a5 Originating from nasal septum  decades for the majority of cases of chronic
sdcers. arsepicism snd cutansous arsepical cancers
nev of lung Chromium preumoconiosis thus seems to  Neubauer: Hueper: Arguello. Tello. Macola
which. pp., | yeompaoy the development of cancer of the  and Manzano: Butzengeiger; Baader: Nieberie;
ranges from [ juog io chromate sod chrome pigment manu- Hof.mlnn: Prell: Holmquist: Montgomery and
¥ of lung | ferturecs. It 1s upncerisin, however, whether  Waisman: Cannon: Arhelger and Kremen:
Straube; Bohnenkamp; Hanser and Simon;

Gonnet: and many others).

While the causal role which arsenic plars in
the production of cancers of the skin oo the
basis of chronic armenicism of occupstionsl.
medicinal, or environmental origin bas long
since been firmly established, it is rather recentiy
that exposure to arsepicals has seriously been
cansidersd as & principsl causal agent of eancers
of the mucous membranes, such as those of the
bronchd, stomach, and bladder, Indeed. today
there exists as yet only highly suggestive but
not conclusive evidence linking cancer of the

ported by | vermicides (sheep and cattle dip, grasshopper  lung with sn occupational exposure 1o srsenical
Jonas: Let. bait. rat poison), as well as 8 herbicide, especial-  dust. However, in' almost all cases of fung
Iy for clearing railrond righis-of-way. Arsenicals  cancer for which such claimns wers made, there

we applied as sprays to orchards and vineyards  existed stigmatia of chronic arseniciam in the

orker sad wre dusted from. airplsmes upon cotton,  form of arsenic dermatosis with or witliout skin

cancers. The inhalation of arsencial dust and
fumes induces rather frequently the develop-
ment of perforated nasal septa a9 well as chronic
irritative conditions of the bronchi, thereby

]

Total bronzing and puint pigmenta. aod medicinal
. I md cosmetic preparations (Mote).  Arsenic  creating & symptomstic csucerigenic pattern
i i+ umd i compounds constitute, sccording to  similar to that seen in chromase workers.
. W0 “Environment and Health.” a hesith hazard  Under such circumstances, the existence of a !
far 35,251 worlers employed ifi American in-  causal relationship between cancer of the lung {
»
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sad chronic arsenicism appesrs (o be & reason-
abie conclusion. Chest and X-ray examina-
tions of 40 workers employed in an arsenic
amelter revesled & mild degree of pneumoconi-
osis (Ssupe).

Although Saupe bimself did not discover any
evidence of lung cancer among the workers
studied—even though they often were afflicted
by byperkeratoses of the skin snd perforsted
nesal septa—he cited the autopsy observations
previously made by Schmorl on 2 arsenic
smelter workers who died from cancer of the
lung (Teleky:. Frommel briefly mentioned
the occurrence of s cancer of the lung in a
texidermist who used an arsenical powder for
dusting the pelts of animals. Four sdditional
cases of lung cancer in sheep dip workers with
arsenic dermatosis noted in one of these were
reported by Merewether, while Hopkins and
Ven Studdiford observed in s farmer living
near a cotton field spraved with insecticides,
arsenical dermatosis, epitheliomas and cancer
of the lung. The occurrence of 5 cases of lung
capcer i Merewether: Hopkins and Van Studdi-
ford+ among only 24 individuals suffering from
occupational arsenical dermatosis and epitheli-
omas cavsed Neubauer to wonder whether this
is mere comncidence. beceuse only 2 cases of
lung cancer were observed among 143 cases of
medicinal arsenic cancers of the skio (Russell
sod Kigber;. or whether under occupational
ronditions the irritation of the respiratorsr
irart by arsenical dust was responsible for
the phenomenon.

Henrv. commenting on the occusrence of skin
vancers among sheep dip workers (1910-23..
recorded 2 additiona! cases of Jung cancers
smong 10 surh workers who had cutanecus
cancers  He mentioned, moreover, the pres-
enre of cancers of the left foot. abdominal
wall and lung n s furoaceran in a sodium
arsenite fariory, Anaivzing the morality ex.
penence of s sheep dip factory, Hill and Fan.
ing found that ¥, or 31.8 percent, of the 22
cancers causing death among members of this
group were located in the respiratory organs.
whil- 3, or 13.6 percent, were situsted in the
skin. There were during the period 181043
a total of 75 deaths from all causes amony
workers in this factory. The proportionsl
excess of cancer deaths was mainly attributeble

to an excessive frequency of cancers of the
lung snd skin, which were confined to worken
in the chemical processes and were absen
among members of the general group who would
be unlikelr 1o be exposed Lo any specific hazard
Perry, Bowlier. Buckell, Druett, and Schilling
roncluded from the clinical evidence obtaind
that, after many vears of exposure 10 srsenicals.
these sheep dip workersmay develope squamous
cell carcinoma in the bronchus:

The most recent sddition 10 epidemiologcal
investigntions on arsenic cancer was made by
Snegireffl and Lombard in studies of capcer
deaths among employees of several metallurg-
cal plants of unidentified tvpe. Of the toul
of 100 deaths from all causes recorded during
the Inst 25 vears. 12 were due 10 eancer of all
sites. and of these, 6 were located in the lungs
The investigators concluded from this evidence
that “there are indications thor biologicsllr
tbe human race made the adjustmeni te
arsenic in the environment and thar onlyry
rarelr. when associated with other contributing |
endogenous factors such as svstemic disease. |
or possibly fsctors such as radation. it may |
be ecapable of upsetiing the biological equilib-
rium"”; and further “that the handling of
arsepic triovide in the industry studied doet
not produce s significant change in the cancer
mortality of the plant employees: hence otber
factors in addition to arsenic must be con-
sidered significant in the causal relationship
10 cancer.,'

In view of the fact that 30 percent of all
cancer deaths among employees of one piant sur-
vered were caused by cancer of the lung. the
observations made in fact strongly suggest 8
carcinogenir action of inhaled arsenic triomde
upon the tissues of the lung of the exposed
workers. This interpretation of the dats of
Snegirefl and Lombard is supported by tht
bigh incidence of lung cancers smong bt
population of several counties in Montand
where copper smelters and mines were operated
for many years, creating an occupstional and
environmental pollution of the atmosphere an
soil with arsenicals, Prolonged inhslation of
arsenical dust and fumes appears 1o product
an increased hiability 10 cancer of the Junf
(1able 23).

However, the existence of such conpectio?

Environmental Causes of Cancer of the Lusé '
1

API 06429

Tahle

Count® a0
populstion

e e st

Deer Lodge. 1.
Kilver Bow, 33
Caseade, 41.4%
Callatin, 152

5 Perrnal
2 The estm:
10.8 per 100.00
* The wurd
ore and reiea--

should be

existed &1 =
histologival «
arsenicism

such eviden:
cism &YRONS
by cancers
sinuses. and
smokers wit
it is most :
dust. fumes
production »
of these pop

The exten
types of iror
frequent op
dust and fu
and compou
grinders. p«
warkers,

The resul
pulmonary
respectivaly
pueumoenm
and which
lble Tlu-
does not el
marked fib
dust alio
siderosilicos

The coer
the Jung ha

Public Heahs




Table 34. Desthe dur 10 eancer of the lung smong
iron ore misers and idents of Mi
(Brower) 1950~54

—

3 Death rate per
Number af desths 100,000
Year I . . i
Muina St Jlf;"" Minne | S}. l‘:"’
5oLk Tesis  County ”;' resls  Chunty
denti  iners B miners
1950 ki1 E i1. ¢ 376
1831, 289 4 89 30. 0
1852, 329 12 1.0 90.1
1953 . 367 A 123 60.1
1954.. . ., 345 [ 1. 6 60.1

hiematsie aust. Campbell reported an increase
in the number of luag tumors in mice exposed to
iron oxide over thet of the control series.

Whean the available evidenre is viewed criti-
callx. i1 15 s1il) upcertain whether an exposure
10 tron dust ronvers an abnormal lisbility to
lunc cancer  Although Warren and Drake
recently conrluded that the developmeni of
primary carcinoma of the liver as a sequela of
bemochromatosis apparently depended in pan
on ihe intracellular deposition of iron. such
ronsiderations may not becessarils be applicable
to pulmonary siderosis and cancer.

However. thorough snd comprehensive epi-
demiological dets on the incidence of jung
cancer 1n workers exposed to iron dust are not
svailable. Hence. a definite conclusion on this
problem must be withheld. The availability of
ronclusive informavion on this point appears 1o
br urgent. 1o view of the suggestive evidence
recorded hy Faulds and because of the fact that
damages have been allowed in the past by coun
action in &t least one case of cancer of the lung,
in the produrtion or sggravatien of which the
inhalation of steel dust was alleged 10 have
plaved a significant role.

BEBVLLIUM

Beryllium is 8 metsl shich has found signib-
cant industris] use onlv since about 1920. i
wes not until about 1940 that bervllium and its
compounds  were exiensively emploved for
numerous purposes and products (beryllium-
copper. bervllium-aluminum. and bervilium-
nickel allovs. ginss, phosphors in fluorescent

Ianips and neon tubes. atomic energy products.
ceramics. refraciories. X-rax tube windows,
vitreous enamel. radio tubes, textile fibers. pas
mantles). 11 is evidentiy for this reason that
untoward effects in persons exposed to the in-
halstion of dusis and fumes of bervllium and
its various compounds have been recognized
only during the last decade. These manifesta-
tions were of both acute and chronic nsture s:=

far as the respiratory orgaas”were concerned .

(acute bervllium pneurnonitis. chropic pneu-
moroniotic granulomatosis. berylliosis:. Some
investigators used the term ‘sarcoid™ in de-
scribing the histologically peculiar. pulmonary
manifestations.
that chronic bervlliosis has appezred not only
among exposed warkers, but also among per-
sons living in the neighborhood of fluoresrem
lamp fsctories and inhaling their bersllium-
containing effiuents (Eisenbud. Berghout and

It is remarksble moreover. -

Steadman: Eisenbud. Wanta. Dustan, Siead-

man, Harris, and Wolfi.

Similar observations on occupstional beryl-
liosis were reported from Germany. ltaly
England, Russia, end Canade. Not anfr--
quently. similer pranulomatous lesions have

been observed in other parts of the body after °

the usually traumatic introduction of bervllium
dust. especially of bervllium phosphors from
broken fluorescent tubes. The skin of the
fingers and bands was the most {requent
extrapulmonaiy location of these reartions
Bervllium granulomas have also been found in
the nose and in the anterior ocular structure.
It is noteworthy, that beryilium apparently
once inhaled is retained over a loog period of
time in the humen body. since bervllium hes
been detected in the urine up 10 10 vesrs after
cessation of exposure {Kiemperer, Marun, and
V'an Riper: and bas been demonstirated in the
lungs of rats 1 vear after the inhalation of
bervllium oxide (Dutra. Largemt, Cholak
Rubbard and Roth) as well ns in their hone:
{Stokinger, Steadman and Root; Barnes.
where it may replace caleium. The skeleton
retains the bulk of the berrliium in the body
{50-80 percentt if the inbialed nerosols are
soluble compounds, such as berrilivm sulfate
snd bersliium fuoride; the Jungs reiain the
bulk of berrllium if the compounds are in-
soluble, such as berrllium oxide. Experiment?

Environmenial Causes of Cancer of the Lonf
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of coal (pitch. tar. soot, creosote oils, anthracene
oils. tar oils, and highly viscous oily and tamy
fractions obtained by the direct hydrogenation
of coal emplored by the Bergius process). The
carcinogenic action of these oombustion and
distillation products of cos! on man and experi-
mental animals has been established bevond
any doubt. Although the bulk of the casuistic
aud epidemiological kuman evidence of occupa.
tional coal tar snd pitch cancers has come from
England apd Germany, it cannot justiy be
assumed tha: American-made coal tars, tar oils,
creosote oils and pitches differ fundamentally
in their carcinogenic properties from those
manufactured sbroad. The exposures sustained
by the pumerous types of American workers in
a preat variely of occupations and operations
do pot seem to differ from those found for their
European colleagues. por are the carcinogenic
efferts on the skin of these workers a1 veriance
with European observations.

However. in addition to skio contsrt with
these products of processed coal, there exists for
some groups of workers s considerable exposure
o these agents in the form of dust or fumes (tar
distilleries. 1ar paint. shingle. roofing paper,
psper conduit. and battery case menufacture.
gres works, coke oven operations, road construc-
tion and repair work. roofing., brickmaking.
foundries, furpace atiendance, railwar engine
driving, roundhouse operations, pickling of
{umber, chimpeyv sweeping. cork brick manu-
{acture, electrolvtic metal production. and soon).

Since the high boiling fractions of synthetic
oils produced by the direct hydrogenation of
con] through the Bergius process heave been
showxn te be highly carcinogenic to the skin
snd or subcutaneous tissue of mice and rats.
respectively, certain types of workers manu-
facturing and usiog such products and inbaling
fumes or mists of these ¢arcinogenic petroleum
snd tar cil substitutes may have a special Jung
cancer hazard. Manufscturing plants using
the Bergius process have been operative for
some 20 vears in Germany sod have recently
been constructed by several industrisl concerns
in the United Siates.

Not onlr the environments!, but also to a
grester degree, ibe occupational inhalation of
dust. soot, and fumes produced by the ineom-
plete combustion of coal results in the develop-
ment of & “soot lung' called bituminosis,

32

which is charscterized by the deposition of
finelr dispersed carbon particles contaminated J
with brdrocarbons normally contained in coal
tar in the interstitinl lung tissue. Roens.
genological changes may appear in the lungs
after many vears of exposure to high concen.
trations of soot in the air inhaled. While the
pulmonsry deposition of small to moderats
amounts of soot in the lungs. such as is com.
monly found in inhabitants of imdustrialized
regions. does not elicit any appreciable fibrous
proliferations, massive storsge of soot particles !
in the lung tissues may finally be sssociated
with an incresse of the interatitial connective

tissue and with pseudoglendular formations of |
peribronchial slveoli. .

The buman evidence relating exposure to
coal tar snd pitch dust and fumes with ap
increased lisbility to cancer of the lung is not
extensive and is in part controversial.

The buman evidence relating exposure to coal
tar dust and fumes with an increased liabilitr |
to cancer of the lung is equivocal. Kenoawar
and Eenpaway siated that “coal tar in the
stmosphere. whether derived from roads. domes-
tic chimneys. or any otber source. does pot
cause an exceptionslly high incidence of cancer !
of the Jung.” A similar statement was made «
by Hugounenq end by Husted and Biilmann -
in regard to the Liability to cancer of the jung l

!

—

for workers emploved in the tar industry and
in the construction and msiztenance of tarred
roads. Meclaughlin did pot find any lung
cancer among 3.058 foundry workers subjected
to clinicsl and X-rar examinstiops, although
there were ¥ deaths {rom lung cancer among
64 deaths from all causes, Menz recently
reported that of 83 workers in Swiss gas plant:
who died during the 1926-48 period. 21. or 22.6
percent. died from cancer of all sites. thereby
confirming previous Enpglish experience that |
workers in tar and pitch operations have ap
excessive liability to cancer in general. Iso-
lated observations of lung cancer in workers
exposed to the inbalation of tar fumes were
made by Koelsch (biacksmith, tar worker).
Rodenacker (briquette fsctors worker), and
Millschitzky (tar worker).

In an analysis of lung cancer deaths among
merbers of different occupetional groups for the
Fewrs 1933-38 Keansway and Repnawar, ob

Environmental Causes of Caneer of the Lung !
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of the Lung

bl Band foates thr an abovesgveraae
- fanes aneer fropuency exisiad for the
ﬁ:uoﬂ.,,,g orcapitinns  tashouss warkers, 129:

. gokers. 254 fas peaduesrs, 302 enswnrks
£ .eoperators 118: gaswarks superintendenis,
Lag. printers. 118: chimney  sweeps. 119:
'fphﬂ!' wnrkers. 164: meial polishers, 174:
”m,,.p-. 120: tanners. 141: street vleaners, 140:
M automnblie drivers. 149, Thev recorded,
poreover. ¢ ninefold increase of lung cancer

ong emplovees of a Canadian gas plant.

Additional supporting informstion was pros
aded by the observations made among Japanese
peoerulor gBs oven workers emploved in steel
ojants and among gashouse retort workers in
Csosds and England (Kawahata: Kuroda and
ganabote: Cruickshank: Dolli. The Japanese
restigators found. within a b-vear period. 21
cses of Jung cancer mmong generator oven
workers who were exposed 1o the inhalation of
pot tar fumes when stoking coal. An excessive
jung cancer rate was obsent among workers
smploved in other perts of the steel mills. The
gevernl ipcidence of fung cancer among the
eperator pas warkers was 5 per 1.000 workers
soployed.  Seven of these 21 lung cancers
occurred in workers aged 30 vears or younger
(33 percent agminst 18 percent in crvplogenetic
jung cancers: (Flueper). The exposure ume
caried from O yesrs to 23 vears, the average
bewp 16.6 vears. Similar observations were
recentlv made among Cunadisn gashouse work-
ers. Of 14 cases of cancer among retort house
workers, 6 were due to cancer of the Jung. 1 10
esocer of the larvng. and 1 10 cancer of the
ethmoid sinuses i57 percent were cancers of the
upper and lower respiratory iract),

It is likely they similar lung cancer incidence
rles may exist AMONg American ar workers.
Following s visit to a tar distillery' where some
25 skin cencers and more than 80 pitch warts
had been observed among the 300 workers
during an 8-vear period. there was found | rase
of lung cancer. Subsequent ipquiries made br
company officials braught the number of Jung
catcers in this sand other tar operations to 6
cases of cancer of the lung.

From the evidence avsiloble, it appears that
the inhalation of tar fumes sustsined by workers
of certain operatjons {coke oven, penerator gas
plants, gas plants, tar distilleries) seea to have
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an vyrsczive linhday to caneer of the respiratory
trare. [t is not unlikely that a mare tharoueh
and competent analysis of che death recopds of
other worker groups. whichliave so far been found
to lack such tendencies. might extend the 1vpes
am| number of 1ar and pitch workers having an
abnormelly high respiratory rcancer rate. A
recent observation of lung cancer in a worker
exposed to heated pitch and asphalt points to
another source of occupationsl pulmonsry tar
cancer of definite practical imporiance i Patchi.

FETROLECM, ERALE OIL, AXD NATCRAL GaS

The carcinogenicity of certaip high boiling
fractions of petrolenm and oif shale. as well os
of the combustion products of some of these
petroleumn derivatives. such ss oil shale and
natural gas. bave definitely been demonstrated
not only on experimental animals but also on
workers developing cancers of tbe skin after
prolonged contact with these agents. Known
carcinogepic chemicals, moreover. have been
isolated {rom these petroleum derivatives us
well as their combustion products (Berenblum
and Schoental: Fiacher. Priestlex. Eby, Waanless
and Rehner; Falk, Steiner, Goldlein. Breslow
and Hyvkes; Waller; Rehner: Kotin and as-
sociates.)

In addition to skin contact with carcinogenic
petroleum derivatives mapy workers are also
exposed for occupations! ressons 1o an inhala-
tion of oil mist or fumes (workers in parafiin
pressing operations, certais groups of oil refinery
workers, spinners, metal |athe workers, foundry
workers, metallurgicsl workers. printers. and
soon). Inspite of this established occupstional
respiratory exposure to petroleuru and shale
oils, there are on record only three cases of oil
pneumonia amnong sush workers, although such
conditions have rather frequently been observed
alter repested medicinal instillations of miners!
oil containing nasal drops (oil nspiration poeu-
monitis or paraffinoma of the lung;. In fact,
two cases of cancer of the lung apparently
developing on the basia of & medicinal mineral
oil pneumonia have been described (¥Wood;
Sante).

The occupationsl evidence available or pub-
lished on this aspect of cancer of the lung is
rather scanty snd in part controversial. Ken-
naway saod Eepnaway found a relatively high

as
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ratio of larrngeal but nov of pulmonary cancer
in mulespioners. who inhale a mis1 of the
carrinogenic shale oil lubricating the spindles.
Southam noted that mulespinners oceasionally
develop multiple primary cancers involving
tbe stomach or the lung in sddition w cancers
of the skin. Scott. on the other hand. stated
that he bad not observed a single case of lung
cancer smong shele oil workers.

Huguenin, Fauvet and Bourdin. who ana-
Ivzed a series of 112 lung cencers for possible
stiologiral fartors. found that 18, or 16 percent.
were meiallurgical workers exposed to the
inhalation of nebulized lubricating end cutting
oile. B were chauffeurs. § were mechanics, and
I was an epmineer. Huguenun and his associ-
ates concluded that their observations indi-
cated an excessively high frequencyr of Jung
cancer among workers exposed to vaporized or
nebulized lubriceting oil. While the study of
Geafafer and Sitgreaves on cancer morbidity and
mortaliy among the male emplovees of an oil
refimng rompany did not reveal anv ebnormal
liabilisv of the members of the occupational
group to canrer of the lung. this judgment max
have 1o be revised. 8t Jeast for certain types of
refinery workers sccording to more recent and
serutinizing  ohservations. Résch  observed
three primary cancers (skin. stomsch and lung:
in e paraffin worker. Tourmwe and Bour also
awributed the development of pulmonary
rancer among ceriain worker groups to lubri-
cautig oil mists. Such exposure conditions
may account also for the excessive Jung cancer
mortalir among male metsl grinders observed
by Tumer and Gracw

There 15, moreaver. some evidence available
indirating thet the inhalation of misis or fops

of cerisin processed pritolewn oil fractions slso

ronvivs an mereased lishility 1o cabncer of the
lung. Dunng & recent surver on cancer inci-
denee emong emplovees of a large oil refinery.
th surprising observations were made that
there was not onlv s Lighly excessive incidence
of scrotal canrer amonp emplovees of the paraf-
fin pressing department but that incidence of
cancer of the lung was also excessive, Paraffin
preseers. who represent about one-tenth of the
toial employed worker group. jurpished 56
percent of the lung cancer observed.

Swnce 5001 85 A waste or commercial product

8¢

has been found to be carcinogenic &nd 1o contain
known carcinogenic hydrocarbons. a thorough
snd competent survex of occupations! groups
particelarly exposed to the inhalation of soot
{opersuing railroad personnel; stokers; carbon
bisck msnufaciurers; rubber, paint. and ink
malers; painters; soot burners; printers: diese]
engine drivers; carbon electrode manufacturers
and users in aluminum plants: smudgr pot
operstors; phooograph record mmkers) is an
urgent necessity. The negative conciusions
reached hy Ingalls as the result of"a survey of
the carbon biack industry are based on evidence
of dubjous menits, because only 79 of the 677
evaluated workers have been empioyed for 10
wears or more in the industry.  Sioce the major-
ity of known occupations] Jung cancers have
an average latent period of over 10 vesars.
Ingalls’ conclusions are actuslly bazed on ¢
living and active workers. It siands to reasou
that an analysis of the death records of former
carbon black workers may have told & differen:
story, especially if the diapnoses were hased on
sutopsy findings. . Surh investigation: would
also add 10 our knowledge &+ 1o the existence.
extent. and type of bituminosis which might be
expected lo exist in workers inhaling finely
dispersed soot panicles.

At the present tiume. exposure 10 ter. pitels.
asphali. heasr fuel oils, lubneating and curung
oils. soot from domestic furnsres, incinerators.
ndustrial power planis. oil refinerws, steel
plants. metal smeltérs. carbon black factoriv:.
il dumps snd smudpe pots. as well as exposure
10 the effluents of diesel and gasoline enginus,
represents the- most widespread oceupations]
and environmental contart wih carcinogenic
material. The specific carcinogenice agents ron-
waioed in these carbonaceous maiers are certain
specific aromatic hyvdroesrbons, wiich not in-
frequently are gitached 10 carbon parurles piv-
ing rise. when inhaled. 1o bituminosis or anthrs-
vosis; or they are constituents ol oily matter
whick. when inlhialed and retained in the Jungs
cause oil pneumonis or paraffinoma of the lung.

Since pure anthracosis is not causally related
to cancer of the lung. the pneumoconioses ne-
companying respiratory carcinogenesis by aro-
matic hydrocarbons do not play s primary and
essential role in this process. although the
preumoconioses mey lower the intensity and

Environmental Causes of Cancer of the Lung
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duces asbestosis only if the inhaled fibers nre
sufficientls Jong. In the sbsence of fibrous
structure. the dust 15 said 10 be inert (Wyers;
Vorwald. Durkan. and Prati). Since the
larger fibrils are arrested in the broachioles
(Gurdner,. the granulomawus reactions form
peribronchiolar fibrous cuffs with giant cells
snd ssbestos bodies. These have s fbrillar
core and an iron staining proteinic or colloidal
silicic acid sheath. Whether tbe iron in the
sbeaths originates from the asbestos fibers or
is derived from blood or tissue elemenis is
still controversial. These two observations de-
serve special mention because of the apparent
dependence of cancerous changes in the lungs
of asbestos warkers upon the preaence of ssbes-
wsis and in view of the possibility that the
proteins of the lung tissue may specifically
interreact with free groups of the filamenwarr
ashestos molecules (Druckrey and sasociates:.

The coesistence of asbestosis with cancer of
the Jung was first reported by Lynch and Smith
in 1933 i1 case:. Thev later recorded 3 addi-
tional cases (Lynch and Smith: Lynebr.  Simu-
lar observations have subseguently been re-
corded from this countrv (Stoll. Bass. and
Angrist. 1 case: Holleb and Angrist. 2 cases:
and Homburper, 3 cases:: from Canada (Des-
meules, Rosseau. Gilrous, and Sirois, 2 cases;
Cartier. 4 cases; Rousseau, 1 case); from Eng-
land (Glovne. 17 cases; Harmison. 3 cases;
Merewether. 31 cases: Cureton, 1 case: Owen.
1 case.. and fromw Germany (Nordmann. 2
cases ; Linzbach and Wedler, 1 case; Homning.
1 case: Welz. 2 cases: Béhme. | case; Domenici.
2 cases; and Baader. 1 casel,

Thus. there is at present a sotal of BO cases
of asbestosis cancer of the Jung on record. To
this number mus: perhaps be added the § cases
of cancer of the lung complicated by asbestosis
which Kennaway and Kennaway discovered in
an analvsis of the death certificates of males
registered belween 1921 and 1936. Eleven
additional cases of ssbestoms cancer of the lung
in workers in two English plants were recently
reporied by Doll, who felt from bis statistical
analysis that there exists & definite causal reja-
tion between these two ronditions (table 25).

Merewether noted that the mean age of males
with ssbestosis cancer of the lung was 552
years {rapge 22-72) and that their mean expo-

36

sure time was 20.1 vears (range 6-40). while the
mean age of female cases was 4.6 vears (ranps
32-71) and their mean exposure lime was 7§
¥ears (range 0.5-48). However. in many case
there elapsed a long exposure-iree interval rang-
ing from several months to 20 vears before the
lung cancer became manifest (Wedler; Wyers:.

The age distribution of asbestosis cancer of
the lung was:

- Camss?

dung

Aw (preers: eanorr
£ T R PR H
S S g u
L L T g 16
-1 o L U IR 17
LS g 3
TotM. e e 5

Since Jung cancer of unknown etiology occurs
rather frequent)y before the age of 40 and since
26 percent of the asbeslosis cancers appeared
before the age of 44, it seems that there exisic a
moderate shift toward younger sge groups for
rancers associsled with asbestosis of the lung.

The exposure time for asbestosis lung cancer.
excluding tbe series of Merewether. was:

Erpasure time (yuurs)

The exposure time of this series covers s wide
range (1-23 vears), indicsting that type snd
intensity of exposure 10 asbestos us well ss
perbaps an individual susceptibility to asbesto-
sis play an important role in determining the
development of this pueumoconiosis and thereby
the possibility of a secondary carcinomatous
sequels in the Jung.

There were 37 males and 15 females among
the 52 cases for which information on sex was
svailable. The male:femele ratio is thus
2.5:1. which represents a marked shift toward
the lemale side when compared with the usual
sex ratio of 5:3 w. 10:1 for lung cavcers of
unknown etiology. Equalization of earcino-
genic exposure as represented by ashestosis. for
the two sexes, thus resulted in a trend toward
equalization of lisbility 10 Jung cancer.

1t is of importance 1o note that the meso

Environmental Causes of Cancer of the Lung
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(aures of death among male asbestos workers compared with the mortality experence ui all men
tn England and Wales (Dolf)

-

Cause of death

Number of deaths Tesr of -gnificance

of Jifferrnice
hecwren pgbeerved

T ¥
puaf ‘:g;;,mn- disenses ' and eardiovascular diseases—

mention of asbestosis. ...
2 itbauy mentiog of asbestosis
. P‘“m, ot
':_uﬂ.nbff di

S L

Number ~ Expected on snd »
> OO England and 'd #spected
obeerved “.:'” n‘:‘ rvalue of P.
11 (1] - 20, ououal
| 2 -
f z g } < 0. 001
..... it} 01
..... 39 154 ~ U Ouul

”mn 1 case with pulmanary tuberculosis.
rading v tub foels

: }::lnding 3 cates tbenign mimlm of uophuu:;nd septicaernia} in which asbestotis was present hut was

sot thought 1o have been a rantzibutory cause of

of 128 noncomplicated csses of asbestosis

ons only .2 vears (Merewether;. One may
ooclude from this observation that some of
;hfse individuals apparently died from asbes-
was before their lung cancer had a chance to
jevelop (Linzbach and Wedler;.

additional support for & rausal relation
perween asbestosis and cagcer of the lung is
genved from the fact that Merewetber found,
smoug 266 cases of asbestosis observed during
192446, 31 ceses of coexisting cancer of the
jung (11.63 percent). while there were 81 cases
of lung cancer with an average sge of 59.4
cears among 6.884 cases of silicosis (1.32 per-
tent’ which came 1o sutopsy. Wedler noted
that asbestosis cancer of the lung ocecurred in
14 eases. or 13.2 percent of 92 cases of ashestosis
oo whirh necropsies were performed, wheress
tbe normal rate of lung cancer in autopsy
material was estimated to be 265 percent.

{anzs, Vorwald, Warren. and Cartier are all
quite skeptical as to the actunl existence of
s excessive lability of individuals with
ubestosis to lung cancer. and Cereton and
Homburger are undecided on this question.
Other insestigators. however, favor this con-
cept or consider the existence of s causal
ristion a8 highly probable or established
(Eennaway; Merewether; Teleky; Nordmann;
Hueper: Gross; Lecosur: Smith ; Saita; Wegelin;
Linzbach snd Wedler; Stoll, Bass, and Angrist;
Welz; Doll).

The histological types of lung cancers ob-
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served do not deviste essentially in their
relative frequency from those seen in cancers of
upknown etiology. There were 22 squamous
carcinomas, 7 oat cefl carcinomas. 4 anaplastic
carcinomas, and 6 sdenocarcinomas. In view
of the fact that one of the Norwegian cases of
pickel cancer of the Jung was associated with
pulmonary sarcoidosis. it msy be mentioned
that Skaviem and Ritterhoff reported the
combination of an asbestosis with a sarcoidosis
of the Jung which. however, was nat compli-
cated by & carcinoms.

Attempts bave been made 10 refule the claum
of a causal relation between asbeswosis and
lung cencer by determining the frequency of
pulmonary cancer amnng the total warker
population of the asbestos indusuy (Cartier:
Vorwald). Such s procedure is bound to give
mislending results. It is quite immaterial how
many workers emploved in the industry develop
lung cancer. since an undetermined portion of
these warkers doubtlessly sustains either no
exposure or only a low intensity exposure and
thua does not develop usbestosis of the Jung,
which is the prerequisite for the subsequent
cancerous development., Asbestosis must be
considered a3 the essentinl stigma of an effective
exposure. It is, moreover, necessars to know
the sex and sge distribution of the worker
population studied sod evaluated 2a well 23 to
know the durstion of emplovment snd exposure.
A marked Isbor turnover in the industry is not
inducive for obtaining relisble information on

7
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the aciual number of lung cancers and asbes-
wosis cases which may result from effective
exposures, For these reasops. no definite
conclusions can be drawn from the observation
of Cartier. noting 8 cases of lung cancer among
4.000 workers studied for 10 years, especially
as the frequency of asbeswosis among effectively
exposed workers incresses with the duration
of exposure (Bshme). Kenpawar and Ken-
pawax reporied that 8 lung cancers may be
found among 4.000 males of the age range
435~64 vears.

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

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

1soPROPYL OIL

Through the recent discovery of cancers of
the paranasal sinuses. larynx. and lung among
isopropanc] manufscturers, the oceurrence of
carbonpolymer cancers has probably been ex-
extended w man. Isopropvl oil~—the crude
liquid from whick isopropvl alcobol is distilled
and which is & slightly turbid. wisrous liquid.
slowly turning. upon standing. ioto & brownish
1o Llackish tarre material-—contains polypropy-
lene compounds as well as proprlene ether,
whirk mar be oxidized into propylene peroxide
and propvlene eposide having a tendencyr 1o
polymerize. Polyproprlene, merchandised as
Opponol K. is used commercially as an otl for
cable filling.

Workers emploved in isopropsnol manufac-
ture bave been exposed to the inhslation of
vapors. mist. and dust of isapropyl ofl escaping
from lesky pipe connections, defective pumps.
end gaskets. or spilled on the floor at the occur-
rence of breaks in pipelines and during repairs
op pipes, pumps, and stills, Weil, Smxth, snd
Nale reported that, between 1028 and 1950, »
total of 7 neoplasms affecting verious parts of

the respiratory tract (nasal sinuses, 4: larvnsg,
2; and lung 1) came 1o ohservation among 5!
employees, or in 84 percent of those who
worked more than 5 vears in the isopropanol
plant.

Five additional cases were observed in
another isopropy! aleobol plant. making & totad
of 12 cases, 7 of which involved the nasal
sinuses, 4 the larynx, and 1 the lung. It was
caleuated that the incidence rate of cancer of
the nasal sinuses and Jarynx for the second
group was 134.5 per 100,000, agsinst & normal
rate of 6.3, and that the incidence of these can.
cers exceeded the expected incidence 21.3 times.

From the evidence available it is Likely that -
these cancers as well as those associated with i
asbestosis helong to the new class of “polrmer *
cancers.”

MUSTARD GAS

The alleged carcinogenic action of war gas
poisoning figured prominently in the specule-
tions as 1o the cause of the increase in lung
cancers ohbserved during the early 10207
(Kikuth: Brockbank; Klotz; Derischanoff,
Hiinermann: Reiche). Residusls of warlare
gassing were noted by Matz in 10 out of 138 |
ceses of pulrmoonary cancer amorng American |
World War I veterans. Four out of 64 cases of
lung cancer. recorded by Brockbank. were
gassed bagdly during this war. Macklin noted
that war gas poisoning occurred in 5 percent
of 164 cases of lung cancer among males.
while it was present in onlr 2 percent of
soldiers withoutr this disease. Koelsch cop-
ceded that s few cases df lung cancer exhibited
a doubtful etiological relation to war gas injury,
which was claimed to have caused also twe
cancers of the larvnx iSpamer: Tiller). No
distinction was made at that time as to the
perticular chemical nature of the various gases
used during World War 1.

These contentions found litile acceptance at
that time. From a carcinogenic viewpoint.
special interest has to be attached to the various
arsenic-containing. gases, especially Lewisite.
and 10 musterd gas {dichlorethy] sulfide). The
arsenical war gases, when inbaled, theoretjcally
may not only cause nonspecific chemical damage
10 the respiratory tissues but also may produce
there & specific delaved carcinogenic reaction.

Environmental Cavscs of Cancer of the Lang -
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ef 97 1nat #e¢n exceptionally afrer skin burns
* (I taese Juses. Cuacers of such an ongin
pelong 10 the group of arsenic cancers.

3 possible carcinogenic action of mustard

. upeo the bronchial mucoss. on the other

Joi. MmAY be related to its cross-linking and

omimetic effect, snd may be identieal with
gt drmonstrated to exist for experimental
soimals exposed 1o several sulfur- and mnitro-
m.,mrds of aliphatic and aromatic nsture.
yccording 10 the mentioned theorstical con-
;_‘, 15, the causstive mechanism operative in
(pese cancers resembles in some respects tbat
iblv active in polymer cancers.

puring the last few vears, three cases of
pronchiogenic carcinome and 3 cases of larsnx
qancer were observed smoag long-term em-
plovees of the Japanese Army Poison Gas
\{spufscturing Plant on Okuno Island. where
Lewisite sod Yperite were made. Obe of these
workers was 30 Fears old and a second. 53 years
old. Al three suffered from chronic war gas
poisoning due 10 contact with mustard gas
yamads. Hirose, and Mivanishi;, In view of
these observations, the distinet probability of
carcimomatous effects upon the Jung following
esposure to mustard gas or chemicslly related
products deserves serious considerstion.

While the fundamenta] concept of “polymer
csncers” is a teniative one and needs to be
supporied by sdditional evidence, the available
data are sufficient]y imporiaot 1o require serious
attention from both a scientific and & practicsl
wewxpoint. The rapidiv expanding industrial
producnion end industrinl and geners) use of
patursl and svothetic polsmerized substances
sod cross-linking chemicals in plastics, films,
rubbers. rosins, adhesives, textiles, and so op,
bnngs e considerable part of the workiog popu-
oo 1pto direct contact with chemicals of this
trpe. It seems 1o be advisable, therefore, to
studv these population groups during the
coming decades for the occurrence of cancers,
particularic  those affecting the respiraiory
svstem.

Radiocactive Chemicals

Up to some 10 Fears sgo, occupations! expo-
sure to radionctive sgents was limited to rela-
tively small groups of industrial and profes-
sions] workers (miners and refiners of radio-
wuve ores. industrisl and medical consumers
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of radiodctive substanees — = Natths manue
facturers, luminous il pamiers. radm tube
makers. pbysicists and their assistants. radolo-
gists and their nssisiants;.  Sipee the mivent of
suecessful atomic fission and the reaiy produc-
tion of synthetic radioactive substances. the
number and variety of smlividuals whe have
occupational contact with radioactive matier
bave rapidly and greatly incressed {uranium
and thotium ore miners. smeiter and refinery
workers, atomic energy plant emplovees. mih-
tary personnel, and sgricudtural. biclogical,
medical, chemicsal, meullurgic, oil. pharma-
ceutical, and other industrial research workers
employing radioactive isotopes, as well as
operators handling directly or indirectly ma-
terials or technical devices giving off jonizing
radistion, such as radioactive static eliminators
(Silson; Berman snd Ernest; Bryan and Silver.
man), sewage disposal workers. paper and
textile manufscturers. and so on.

It is an esiablished fact that cspcers of the
skin. connective Lissue, and bone and blood-
forming organs have resulted Irom exressive
exposures to radioactive substances affecting
the organism or parts of it by various routes.
There exiats & great deal of highly suggestive,
if not ronclusive, epidemiological and experi-
mental evidence relating an occupational in-
balation of radioactive dust and gases to the
development of pulmonsry csncers. Although
excessive medicinel and occupational exposure
to jonizing radiation (radium, X-radiation)
alone may produce in man and experimental
enimals a fibrosis of the lungs (KalbBeisch:
Doenecke: Belt; Berpmann and Graham: En-
gelstad: Warren and Gates; Leach. Farrow,
Foote and Wawro; Mcintosh; Warren snd
Spencer; Widmann; Bauer; Bauver and Schraer;
Tooges and Kuldfleisch; Freid and Goldberg).
occupational exposure to radieactive dust snd
gases bas often been complicated by simule
taneous inhalation of dust containing various
metals (chromium, nickel, iron. arsenic, cobalt)
na well as silica. Pulmonary cancers observed
among radionctive-ors miners, therefare, have
been complicated in an sppreciable number of
eases by silicosis of a minor o moderate degree.

It is for these reasons that the radioactive
genesis of the cancers of the lung noted among
these miners as well ss among uranium and
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radium refinery workers has heen doubted by
some wvestigalors, who felt that one of the
various nonradioactive metals or the silicosis
represented the msin causal or an imporiant
contributory agent fSchinz: Lorenz: Schmorl:
Rostoski and Saupe! or that the available evi-
dence did not provide absolute proof of & radio-
active genesis (Lacassagne:. Several investi-
gators felt that the lung cancers among the
radiosctive-ore miners in Schneebery and Jo-
achimstha! were principallv attributable to &
hereditary predisposition rreated by inbreeding
of the mining population (Macklin and Macklin;
Lorenz: Vesin.. .

The “mals metallarum’ causing death at an
early apge of the miners in the ore mountoins of
Saxonv was first described hy Agricola during
the earlv part of the 161l ventury and weas sub-
sequently mentioned by other investigators
(Henckel: Scheffler: Thiele . However. it was
nnt untit 1679 that its malignant neoplastic
character was correctlv recopnized (Hirung
and Hesse . This judgment was, subsequently
confirmed by Cohnheim: Aucke: Arnstein:
Uhlig: Risel: Schmorl: Bexreuther: Rostoski.
Raupe and Schmorl: lange: Neitzel: Déhnert:
Basder: Telekv: Hueck: HRostoski. ™Naupe.
and Schmorl: Thiele: Weber: Koelsch: Linde-
mann: Doubrov: Brandi: Brezins. Although
the miners of the uranium ore mines in Jo-
achimsthal /Czechoslovakia) also were suffering
from s fatal lung disease similar to that observed
smong the cobalt ore miners in Schpeeberg.
Saxony. it was not until 1926 that the cancerous
neture of the pubmonary disease among these
miners was recopnized f(Lowy), Additional
confirming evidence was provided later by
Beutel and Waldrich: Ziel: Sikl: Saupe; Peller:
Pirchan and >iki: Baader; Bebounek and Fort:
and Teleky.

Evidence supporting n radioactive origin of
the lung cancers among these two groups of
miners was provided by the observation of Junp
cancers among emplovees of radium refineries
and radium laboratories. Léw~ reporied the
orcurrence of 1wo such cases among the workers
emploved in the laboratories of the Joachumsthal
mines. where the ores are refined and the puri-
fied material is tested. One of the rases had
chronic radiodermatitis. leuketmia, and lung
cancer. A similar observation was recorded by

«®

Teleky and by Neitzel in a Germimn technicuin
of s radium laborsiory. The cenrerous June
was found to be radioartive. Four cases of lung
eancer have recently been observed. acrording
to Bsader. among the workers emploved in the
radium ore processing plant in Belgium. where
the orcurrence of such complications was pre.
viously said 10 be absent (Maisin, citing Delaer .
Perhaps the developmens of a bilatere] alveclar
carcinoma of the Jung in 8 womnn 16 vears afie;
the intravenous injection of 75 cc. of Thorotrast
mey also supply suggestive evidence that lunp
cancers mey originate from radiosctive materl
used medicinally, when such materials beconse
arresied in the lung.

Mention may slso be made in this connection
of a report of Martland relating the occurrence
of cancer in the ethmoid cells in & luminous

dia} painter. and of two additional rases re.

ported by Aub. Evans.' Hempelmann. end
Martland. Dial painters not onlv inpested
radioaciive material which became deposited
in the hones and produced osteogenic sarcomas.
but tkey also inhaled this matter which. thus,
may have produced the carcinoma of 1he
paranasal sinus. .

The lour cases of cancer of the lung recentlr
reported in an industrial population st an
atomic pile site, bowever, are definitelr not
caugally related 1o any specific radiosctive ex-
posures sustained by the workers concerned.
In these cases exposure and lstent period were
insufficiently long to cause lung cancer {Love:.
On 1he other hand, the arpument that these
workers were. it part. not directly concerned
with radioactive materiel earries little weight.
Doubtiessly. thev bad a1 times environ-
mental comact with such 8 material when the
meteorologic conditions were unfavorable for
the readv dispersal of radiosctive wasies at
this particular operation.

In favor of an occupational and radioactive
origin of the lung cancers samong the Schneeberg
and Joachimsthal miners is. moreover. the fact
that the excessive lishility 1o pulmonary neo-
plasia iz limited to the workers employed under-
ground and is sbsent smong the workers
employed aboveground, and among the popula-
tion at large of Schneeberg and Joachimstbal.
including the employees of the cobalt pigment
plant usingthe Schneeberg ores(Bauer; Schmorl).

Environmental Causes of Cancer of the Lung
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gresier significance in this connection are the
findings of Lisco and Finkel, who found meta-
plastic snd peoplastic proliferations of the
bronchisl epithelium in rats inhaling an serosol
of radioactive cerium. Similar results were
obtsined with plutonium brought into the
Jungs of rats.  Since uranium ore miners inhale
not only radon and radiutn dust but also
uranium. which meyr be retained in the lungs,
Hueper, Zuefle, Link, and Johnson injected
metaliic uranium powder dispersed in lsnolin
into the pleural and femoral cavities of rats and
obtained sarcomas at the sites of injection in
13. or 24 percent. of the 54 rats surviving the
minimal latent period of 6 months. Esidence
tbus produced shows that focal sccumulations
of uranium. which is an alpha-radiation emitier,
msY exeri & cancerigenic action upon the
swrrounding tissues. but it does not discriminate
between the influence of metal toxicity per ae
and radioactivity in the genesis of these lesions.

From =a critical evaluation of tbe epidemuo-
logical climcal. apd experimentsl evidence
available. it appears that a prolonged inhalation
of radiosctive gases and.or dust may elicit
pulmonary cancers in man (Martland; Evans).
In commentiog on the production of Jung
cancer by stmospberic carcinogens. an editorial
{Lancel. 1852, remarked, “radioactivity of
Joachimsths! mines is stated ta be 30 umes the
wlerance dose. It is searcely surprising, there.
fore. thar in the past more than ha)f the miners
died of lung cancer.” 1t stands to reason that
this effect on the lungs of workers will prevail
wherever similar conditions of exposure to
radioactive gases and dust exist. The excessive
suicide rate observed in the pesst among the
miners 1n Joachimsthal (Sikly aptly refiects the
bumen misery produced if such hazardous
working conditions are permitted to persist.

While there thus can be little, il auy, doubt of
tbe principal role of ionizing radiation in the
production of lung cancers ameong radioactive
ore mners apnd similarlr exposed occupational
groups. some comments on the possible signi-
ficance of pneumoconiosis in eliciting or modi-
{ying this effect may be indicated.

Reports on the occurrence of pneumoconiosis
smong the miners in Schneeberg and Joachims-
thal are contradictory. While Schmor! as well
a5 Roswski. Saupe, and Schmorl in their earlv

@

reports (1926, 1926: noted that Schneebery
miners suffer from more or less intense anthrs.
cosilicosis and that this condition was causing
or favoring the development of the bronchiu
cancers, Roatoski and Saupe stated in 1930 that
pneumoconiosis was usually not very extensive
in esncerous lungs. Becsuse of the relstively
alow course of the pulmonary tumors. Rostoski
and Saupe felt that pneumoconiosis mey slow
the intrapulmonary; growth of the rumors.
Hueck, on the other hand. remarked timt
silicosis does Dot represent a precancerous con-
dition for the Schneeberg lung cancers. Some
of the miners had silicosis but net lung cancer.
while others had lung csncer but not silicosis.

Similar discrepancies seem ‘o prevail con-
cerning the Joachimsthal miners. Ziel in 1935
reported that marked silicosi: among these
miners is quite frequent and that asbed lungs
contain Jarge amounts of silicon oxide.  Pirchan
and Sikl., on the other hand. maintained that no
poeumoconiosis could be found. in spite of an
asbundance of pneumatic drilling. and that
preumoconiosis has no role in the production of
the lung cancers. This opinion was shared by
Lowy. Sikl, in his mast recent communicatioo
oo the subject. stated thar some degree of
fibrosis suggestive of silicotic origin could. of
course. be seen in the cancerous lungs. and there
were siogle cases of marked silicosis combined
with cancer. On the whole. however. silicosis
wis not & prominent feature in cases of cancer:
on the other hand. the Jungs most heavily
affected with silicofibrosis were generally free
from malignant growth. Behounek and Fort
noted thaf pneumoconiosis was recorded es
the cause of desth in only E.2 perceni of 63
miners who came 10 ausopsy between 1929 and
1938. This statement contrasts strikingly with
the observations made by Saupe during s
chest X.rax study of 398 Joarhimsihal miners
conducted in 1839. He found tha! 43.4 percent
of these miners presented roentgenological
evidence of pulmonarv silicosis. However.
silicosis was of minor degree among the 7
miners who were suspecied of baving pul-
monAry neoplasms,

Although the daia are in part contradictory,
it seems that silicosis does pot playv any sip-
nificant role ax a direct or contributory cause of
capcer of the lung among the radioactive-

Eavironmental Causes of Cancer of the Lung
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gugery ~Anentiveg and Joachimsthal.
#' ber 1t hus 8 antagomstic effect upon the
Ligd nzatwn process or maodifies the course of
l"‘;,.blisbvd cancer remaing problematical.
ﬂrm‘u!g it msy be mentioned thar these lung
rs vary 8 great deal in histological struc-
o \Many were squamous cell carcinomas;
""‘F round cell or anaplastic carcinomas;
waile » few were of adenocarcinomatous type.
radioactive lung cancers, thus, follow in
1 respect the general pattern set br all
or occupational cancers,
qhe rapidly growing production and use of
ective material and the thereby condi-
of. marked)r increased exposure of some
iied worker groups as well as the general
ulstion 1o gases, dusts, and mists contsining
ndiosctive matter of long half-life doubdessiy
nid & potentisl respiratory cancer hazard
of serious proportions. The attack rate of h!nx
apcer from such sources is very bigh, sccording
o past experience with miners of radioactive
oes. Therefore. & competent assessment of
ue degree of exposure tc atmospheric radio-
wuve coptaminents for worker groups and
wighborbood populations of radioactive plants
d operstions. and the continuous and strict
wpervision concerning the amounts of radio-
slise effluents emitted from such establish-
ments, are urgently necessary for safeguarding
abe bealth of these individuals.

The comprebensive panoramic view and
anslysis of the total epidemiofogical. mediceal,
awd experimental evidence available on exog-
Mous respiratory’ carcinomas and carcinogens
kave no doubt of the fact that not only large
wcupstionsl population groups but also the
genersl population bave definite and prolonged
antacts with one or several of these agenis.

For most of these ngents, adequate conclu-
sse proof of their earcinogenicity is provided
bv epidemiological, medical, and experimental
date. One of several specific carcinogenic
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Latent perrods of enviranmental reepiras
1ory cancers, 1h mounths (Hueper)

Table 36,

Cancer uf —~

Nares and
nasal sintses

Avernge Range Aversge Range
Iatent ofistent Iatent oflaper

Agent

pericd perind penod perioy

18 1548 ... _......

15 547 . P

2 630 11 326

.. 15 823 ... .......

Isopropyloil . ... . ool alioo. 10 18

Tonizing eadistion.., 25-3§

Intensive studies also are needed for deter-
mining whether, through redioactive fallouts.
the inhalstion of highly radicactive dust par-
ticles diffusely settling in the bronchial mucosa
and producing there minute foci of high inten-
sity radistion may elicit delaved ecancerous
resctions. Since radistion cancers, like other
occupstional cancers, have a long latent or
induction period (table 26), it is essential that
sll possible precautions be taken against en-
vironmental contamination with radicactive
matter 0 prevent s possibly permanent con-
taminstiop of the human environment with
dangerous amounts of radioactive matter.

Comments and Conelusions

chemicals his been isolated from severs! agents
representing variable chemical mixtures (soot.
cou] tar and pitch. petrolenin oils. gasoline and
diesel engine exhaust), Whercver a definite
idantification of a specific causal agent, such
ss isopropyi oil, asbestos, aud chromates, bas
not vet been attained, the epidemiological evi-
dence based on sp evaluation of caacer inci-
dence of relatively small, occupatiopally cir-
cumseribed total populations st risk is suffi-
ciently relisble to prove the presence of an
cccupations! respirstory cancer hazard causslly
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reidiee (o 4 sperific industnial operstion. Epi-
depunimnes!  medical. and experimental Jdat
roncernme these respiratory carcinogens atiest
therr bugh rarcitnogenic potency under accups-
vonal conditions, particularly when acting on
bumans. It is therefore reasonsble to assume
that inhalation of the same ageuts, in a miti-
gited form as air pollutants. by the general
population is responsible for & considerable
portion of the lung cancers attributable to such
contacts.

If this coherent and logical picture presented
bv the evidence supporting the various occups-
tional respiratory cancers and. especially, the
coal tar fume csncer of the lung, is compared
with that available for the cigaretie smoke lung
cancer. even upon superficisl exsmination.
severnl additional sericus defects and inconsis-
tencies not previously pointed out become
apparent.

It is surprising to note the absence of positive
stotistical associations between lung cancer and
cigarette cough. although this Istier symptom
is clinically charscteristic of chronic chsin
smokers. Despite the fact that the lips and
oral moucosa are constantly bathed in the warry
liguor cozing from the tip of the cigarettes and
despite the contact of these parts with the
smoke coming from the cigareties. there is no
consistent statistical association with cancer
of tbese paris. The assertion that no tarry
material exudes from the cigarette tip is belied
by the evident fact that chronic cigurette
smokers are observed to have brown-suiined
fingers. There is, on the other hand, not s
single record available of cancer,of the fingers
attributable to cigarette tar, Such cancers of
the fingers would be equivalent 1w the gumerous
coses of coal wr cancers of the bands for which
records are available.

In an attempt to pravide an explanation for
this discrepancy in the carcinogenic bebarior
between coal tar and cigaretie tar, Lickint
resorted 10 the speculstive sasumption that
cigaretts tar possesses a special tissue specificity
so that the skin of the first three fingers,
although impregnated with cigaretie tar, is
“immune'’ to its carcinogenic action.

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

“

Lipsehitz. who reported i i941 “hat “he sarapey
revords of a large Jewish hospual in Wareaw
Poland. showed a lung caneer frequency of 39
percent of sll cancers for Jews agsinst o {re.
quency of 15.3 percent for non-lews, psprrialjs
in view of the {act that Eastern .Jesws are par.
ticularly prone 10 develop thromboanguty
obliterans. which bas the best estublisheg
causal relations to tobacco smoking.

The claimed absence of & positive associstion
between lung cancer and the habit of inhuling
cigarette smoke also is inconsistent with the
rule that the incidence rate of occupationa}
cancers increases with the intensity of exposure
to 8 carcinogen. The medical considerutions
on cigarette smoke cancer of the lung thus
reveal o number of serious and fundamenta)
defects and contradictions.

The best that can be said about the exper.
mental evidence on hand regurding carcinogenie
properties of tobacco 1ar is that it indiraies the
carcinogenic agents in some ciguretle tars
through the use of byperreactive anumnals
There is no evidence that these observations of
the skin of a strain of selectively inbred 1nice
bave any equivalent in man. Thus the prac-
tical imporiance of these obserrations ss w
cancer of the human jung is at present uncer-
tain. especially since Passev. i receat expen.
meats on mice painted for 16 months with
wbacco tar, was unable o elicit s single cancer
of the skin.

From these considerations. it is spparem
that any final decision concerning the reistive
role of cigarette smoking in the causation of
cancer of the human lung should be kept m
abevance until s great deal of additions! and
maore valid, and especisliv medically conclusive.
evidence becomes available. The data on hand
make it undikely that cigarette smokung repre-
sents & major factar in the production of lung
cancer and in its recent phenomenal rise in
frequency. For these ressops. it would be mast
injudicious mainly to base the future preventive
control of lung cancer hazards on a theory of
such doubtful scientific merits and to concen-
trate the immediste epidemiological and expen-
mental efforts on this apparently overprap-
sgandized concept. The apparent wisdom of
such an autitude is readily spparent from the
fact that not oniy s grest deal of the circum-
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apal  epidemiological evidence but also

tieallv the entire factunl and conclusive
grdence available on specific exogennous csuses
d respirstory cancers indicates that these
mncers sre either of eccupstional origin or

ints 10 industry-relsted factors. Not only
lupe occupational groups but also the members
of the geperal population hsve contact with
\bese agents i various forms and intensity.

Fioallr, it may be noted that the evidence
on band justifies the viewpoint that. in arniving
st s judgment (Baader; Lickint) in any medico-
legal dispute requiring the sasessment of li-
sbility for the development of a respirstory
csncer, Any evidence imcriminating specific
occupatiotal factors should be given preference
over that possibly provided by a cigaretie
smoking history.
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