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Causes of Cancer 2f the Lung
Than Tobacco Smoke

wirenmental
Other

W. C. HUEPER, M.D.
Bethesda, Maryland

The recognized or strongly suspected environmental causes of cancer
of the respiratory system form an important segment of the environmental
carcinogenic spectrum.

{. With one exception all so far known exogenous respivatory carcinogens
were discovered during the last 25 years (Table 1), chat is, during the
period in which a remarkable and progressive rise in the number and
frequency of cancers of the lung was observed in most industriaiized
countries (Iig. 1).

2. The vartous respiratory carcinogens are more or less well defined
chemical or physical agents and/or are associated with distinet occupa-
ticnal activities engaged in by circumscribed workers groups (Table II).

3. The clinical, epidemiologic, pathologic and experimental observations
related to these agents all of which act through the respiratory route

TABLYE I
OCCUPATIONAL RESPIRATORY CARCINOGENS AND CANCERS RECORDED
DURING PAST 75 YEARS; THEIR CAUSFE; SITES ANTD NUMBERS

Recorded Cascs
ther
Countries

Numbor of

Agoent Zite of Cancer Discovered T.8.A. Total

Arsenic 1930 7 i) 23

1934 20 92 112

jqqq 5 (h) 140

1\1d\01 Lung 1932 0 84 84
Norves and

Nasal Sinus 0 5i 51

Coal Tar mmg ' 1936 () Hi 53

Petroleum Lung and 1936 7 33 40
Oils Lanyn:\

Isopropyl Oil uung' 1946 1 0 1

Larynx 4 0

Nasal Sinus 6 0 §

Radioactive Lung 1 8‘79 0 625 625

Chemicals I\asal S'nus l() 1 3 0 3

TOTAu 123 1,019 1,142

Na Uonfll Cancer Institute; National Tnstitutes of Health; Public
U. S. Department of Health, Kducation and Welfare

Pr oscnted at a Symposium, 21st Annual Meeting, Amencan College of Chest Phy-
sicians, Atlantic City, New Jersey, June 2, 1955,
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COMPARATIVE  TRENDS IN
&  RESPIRATORY CANCER
L MORTALITY 19241850

ENGLAND A WALES
MALES

41 INORwAY

/\ /f, /*’FMANS

ENGLAND & WALES
FEMALES -/

“““ - SWITZERLAND
/\/\/ FEMALES
f + f T
Q28 1690 1G4 1948 950

FIGURE 1

TABLE II--SPECIFIC WORKER GROUPS WITH SPECIFIC RESPIRATORY

CANCER HAZARDS

Aprent

Manufacture:

hremium

M\/‘\lm'ker Groups

handlers, and users of arsenical
insecticides; arsenic smelter workers; taxidermists;
2D chp wov &m ; coppey \meltor \voyl\ms
Chromate manufactorers including pla:
mamtenance WOIK(‘U‘; chrome pigment handlers

Nic} AG

hon ore (hem tho) mmm

Petroley
ot

nonradioachive ores working in radioactive mines

ide) miners; miners of

Radioactive ore (pitehbic

o recol
nhserve
evidine

Petr
Deris
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represent the only reliable factual evidence available on
of cancers in different parts of {1 respiratory tract {Table 7 Although
some cceupational, medicinal and experimental obscervations suggest that
pumonary carcinogenesis may cnsue after a non-respiratory contact with
carcinogens, there exists no valid evidence incriminating hereditary or
endogenous factors as primavy causal agents of bhuman lung cancer.
Despite the fact that the total number of occupational pulmonary cancers
on record is relatively small, the comparatively high cancer attack rates
nbserved among the different worker groups studicd provids s ty
ovidence in favor of actual causal rssociations Letween an exposure to the
specific agents and the subsequent development of respivatory cancers
(Table IV). The reported number oi cases of occupational respiratory
cancers coubtlessly represent only a fraction of the total number which

TABLE 1T
EXVIRONMENTAL LUNG CANCER SCORE BOARD

Population Type of Experimental
Site of Caneer Affected Fvidence Tividence
o =
= ! CN B ¢
e o4 5 -1
A S v o O & & a Qther organs
Arsenic X x ? x
Asbestos X x 7 x b
bN ? X X Done
Chromium X x 7 9x ? Bone
Conn. tissue
Nickel b d X X X Pone
Conm, issue
iron x X X
Radioactive Skin Bone
Substances X x . Boere PN X X Conn. tissue
ias Hemat,
iissue, ete.
Isopropyl
oil X X X X X
Skin
¢ - Conn. tissue,
s00t, pitch X X Skin x ? 9x ete.
Petroleum .
Derivatives Skin )
oll mist X X Skin X X Coun, tissue
Gasoline
Diese] engine s
Exhaust X x 7 x Skin
Gasolne .
Epoxides ? ? Skin
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TABLE IV
RESPIRATORY CANCER ATTACK RATES BY
FNVIRONMEINTAL CARCINOGENS

Attack Rates

Incidence Percent Morbidity Mortality
Sites in of All Rate Rate
ol Population Cuncer —
Agents Cancers at Risk ths Per 100,000
Aromatic hydrocarbons:
Coal tar fu Lung 500:100,000 45% ... e
Petroleum oilg Lung 2000:100,000  B55% .
Carbon und silicon
polyr : Paranasal ) 134.5
Isoprepyvi oil sinuses 10:100 .. (normal ...
Larynx 6.0}
Aghestos Lung 13.2-20% asbes-
tosis autopsied
(0.8-2.4%
normal)
Metals:
Arsenic . Lung e 145.7 males
(10.9 normal)
Chromates Touang (42x
: 146-338
Tielk o
Nickel i\"'“iasal J]\ 329:100,000 e e
L;ﬁg}““ ] 574:100,000 .. normal) .

Ionizing radiation:
Radioactive avea Lung s e e (50-80% of
all deaths)

oceurred. Some of the lung cancers were certainly mistaken for tubercu-
losis, pulmonary abscesses, silicosis, asbestosis, siderosis or other forms
of chronic pulmonary disease. Another portion of these tumors was recog-
nized as of occupational origin but not made a matter of public record, while
a third fraction developed in workers many years after they had left the
hazardovs oceunation and when the causal relations fo their previously
sustained exposu-os had been obscured by the nassage of time (Table V.
Page 156).

The aimost exclusive occurrence of oceunational 'ung cancers in male

TABLE VI
LATENT PRERIODS OF ENVIRONMENTAL RESPIRATORY CANCERS

Lung Nares & Nasal Sinuses
Average Range of Averape Range of
. Lautent Latent Latent Latent
Agent Pertod Period Period Period
Ashestos 18 15-48
Chrometes 15 547
Nickel 22 6-30 11 3-26
Tar fumes 16 9-23
isopropyl oi! 10 6-16
Tonizing rad 25 -25 7-50 25 19-32
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cers 1s in good agreement with tiie Tuct that males are vres
rloved in cccupations having lung cancer hazards. One of i
cxceptions in this respect are the lung cancers found in female ashestins
weorkers. The male-female ratio of lung cancers among workers wilia 2u-
bestosis cancer of the lung is for thiz reason at the low level of Z.5:1,
indicating tnat with an equalization of the degree of exposure there

CANCER OF LUNG. 1921~ 30
MALES ThO23 anNp OVIR

clual mortality per cont of that expected from the distribution
! . )

of population by age and class of district

Under70 70 - 85 = 100 =~ 115 = 130 - 145up

! E 7

4/ b
% QL\ 5 Counties including
U I - County Boroughs

IGURE 2 _
(Revroduced by permission of the British Empire Cancer Campaign.)
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TABLE VII
HISTOLOGIC TYPES OF OQCCUPATIONAL RESPIZATORY CANCERS
Sguamous Cell
Carcinoma Jound
; With or Cell oy Anaplastie or
i Without Cat Cell  Polymorphic Adeno-
., Agent Organ Cornilicorion Carcinoma Carcinomu  ecaveinomsa
Tay Fames Lung 2
Nickel
1romium ng
Asbestos Lang
Radicactive
Gases & Dust Lung 14 Q 7 1
Nickel b

Naures and
Nasal Sinus 23

Naves and
Sinug 4

develops a tendeney toward an equalization of liability to lung cancer.
Several types of industrial lung cancers, such as those caused by radio-

asctive subatances, chrome pigments, and coal tar fumes, show a definite

shift into vearneor age groups than those observed in cancers of the lung

IRIPIRATOHT CANCRR, WMITE HMALES, UWITED STATER, 1930
(eowars A, LEW)
dge Miusted Duath Rutes nar 100,000, Waite Mals

E “;E Undar 17

FIGURE 3
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of cryptogenetic orizin, but charvacteristic of cancers of occupatinral
aticlogy.

Ceecupall respiratory cancers moreover have long latent periods
er cancers of known industrial or environmental ovigin (Table VI},
o relatively massive exposure to carcinogens not mfrequc.:zt}y wrevail-
v under occupational conditions may perhaps occount for the fact thal
trie genesis of several types of occupational lung cancer, i.e.
cestosis cancer and radioactive cancer, is not infrequently observed.
imonayy fbrosis associated with siilcosis in radioactive ore mincrs or
,fh[:mqukOAlbln.henlAUteInlnC\S seems to decreage the individual Hability
: cancerous developments in the lungs thus affected. While many oceupa-
cnal lung cancers are of squamons cell type, many others display an
ature cr round cell type or exhibit glandular structures. In fac‘u,
al diffzrent histologie types of cancers may occasionally occur in the
me tumer mass (Table VII). Thus, no special histologic tvpe woms o
nave any fixed relation to any specific causal factor. Occupational respira-
“ory cancets critically studied exhibit a general symptomatic pattern
won to and characteristic of environmental cancers.

4. Many of the agents incriminated in occupational respiratory carcino-
ronesis, such as axaenlcdls,lacancilve substances, coal tar and petroleum
olis, had previously been kuown as important causes of occupational and
medicinal cancers of the skin deve'oping usually upon cutaneous exposure.
Since the mucosa of the respiratory tract may be considered as an inverted,
but specialized entodermal exiension of the ectodermal outer lining of the

s}

RESPIRATORY 3YSTEM CAiuLR DEATH ROTES BY AGE AN BEX
Whi?e; putation,Urban States and Rural States, United States, 1949

180,
i
! .
al S URBAN MaLE oo
120 , “
i
50-
: ,/‘\ N,
ok S £ .
- /RURAL wALE s
o
] RS :
= or <L URBAN el
o _'/ .--"""
ul ,,w*' M{mm. FEMALE
[ o s »s—‘/‘ M/J ,
%0 40 50 60 76 60
LGE

s5taics with less than 40% urboa population cotled rural, and states with more than SU% wr

popuintion called urban. Rural states: VMY, SD, V‘ss.,Ark,NC SC, WV, Ky, Libon states: r\l Mazs, NY, NJ, Calit, DG
SQURGE! Vital Statistics of tha Umad Stales, KMf STATISTICAL RESEAH‘GH SEGTION
1950 Populotion Census of the United Stotes AMERICAN GANCER FOC/ETY 9+9%

FIGURE 4
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TARLE VIII

THE TIME TARLE OF DISCOVERIES OF OCCUPATIONAL CANCERS
‘: Organs Nature of
Name of Agent D'Lte Discoverer s iTected Exposurse
Chemicals: Organic
QOOL 1775 Pott Skin (Scrotum) Occupational
1876 -7\/011\11\:;11”11__“‘AA i Occupz;;c_ignal
1892 Datlin Occupational
Wf{‘.)} 0 Zweig Oceup ationalﬂu
X 1() K m\.mt'l Occﬁi}atiorxal

P nai“m Oii
( e ()115

1920 Ol)o'm\(m
]QOQ Ol‘\'m

QOccupantional

1876

Pocw leam t“

(_,‘ oke

18()0 Dmvﬂlo and

Oceun:

Occupational

(a aermongrez

Petrolcum ‘{‘ Qccupational
I’etrolu i Qccupational
Oi 1930
" Shale Lum ic 1tmy' 0il 1910 \\ il e»n Skin Qccupational
" Benzol J_S)QS Dc’oz : ;wd Blood Forming Occupational
Borgmano Tissues
Aromatic Amines (’)W Re}uw Blumlor Ureter  Occupational
Intermediates) 1895 Kidney
Isopropyl Oil 1946 Hale and Nagal Sinuses, Ocecupational
Huopmr ynx Lung
Tustard ¢ 1953 Tung Occupational
Chemicals: Inorganic
Arsenie 1822 Paris Skin Occupational
1887 Hutchinson Skin Medicinal
1904 ,mupo Ty Gecups mona]

8 v
HBOEETOS

Chromates

1985  Pieil

1935 Lyneh & Smith B

Occupational

Oceup

10327 Grenfell

ri Cavit} &

Sinuses, Lung

Occupational

Ulty avm.ct Radiation 1894 Unna Occupatfon 1]
Environment: 11
Roentgen-Radiation 1902  Frieben S Occupamonm
1906 ‘Wyes Skin Medicinal
1911 Von Jagie, Blood Forming Oceupational
Schwar t7 Tissues
& von
Siehenrock
Beck Bone Medicinal
Radioactive Substances Haerting & Lung Occupational
Hesse
1923 MeNeal, Ward  Skin Occupational
& Willis
1923 Loewy Blood Forming Occupationa!
Tissues
1931 Marla: Bone Occupational

e R P e
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LUNG CANCER DEATH R0 PER 1,000 DEATHS OF AL CAUSES
FOR SEVEN (7) inNIy USTRIAL GROUPS IN OHIO
1947 AMONG 5 MALE CANCER DEATIS
TANCURO0)

)
S

{
A

Industry

h on (md \tod

ne, C]d’y, glass

\0“1 ferrous metal 3.22
\Imm and quanvmﬂ 1.53
TOTALI 1.76

hody, the development of cancers from these structures following a respira-.
tory contact with the mentioned exogenous carcinogens appears to be a
enomenon in iine with previous experience (Table VIII).

5. Although the existing factual data on occupational respiratory car-
cinogens are at present limited to velatively restricted worker groups and
apply to a comparatively small number of cancers of the respivatory organs,
a considerable amount of circumstantial evidence suggests that identical
or similar respiratory cancer hazarvds may prevail for much larger worker

roups having occupational contacts with the known carcmopen Epidemi-

ol \)glC studies on lung cancer death rates made in this v and Europe
ave shown the existence of mavied variations in the Wabilivy Lo lung cancer

v differsnt large occupational croups (e IX) . Some of them revealed

» cgcﬁmtuy excessive frequency of pulmonary cancer {Table X, X1, and X1I)
as well as of cutancous cancer. The possible significance of these observa-
Jons in erms of occupational lung cancer hazards is evident from the
fact that -here are over 5,000,007 employed in American industries sustain-
ing various degrees of exposuve to combustion, distilintion and cracking
products of coal, petroleum and other carbonaceous matter (soof, carbon

(Continued vy jege 155)

(923

1

TABLE X
LUNG CANCER FREQUUENCY AMONG OPERATING AND
NON-OPERAT NG RAILROAD WORKERS

Tung (Cancers Taing Cancers
N(m-On(r'an '[mrkim mmod
RR Workers
Railroad Pmimd No. Per ('< nt
A 1“)40 1‘),)0 29 24 8 i 5 17
B 1‘37“ I(’zi(? 104 30 hY 15 14 30 29

There were four times as many non-operating RR workers in one company as oper-
ating ones, who represented train personnel, round house and track workers,




W. C. HUEPER

i~
T

August, 1056

TABLE XI

CCUPATIONAL GROUPS WITH AN EXNCESQIVE LUNG C/

ANCER INCIDENCE

Qecupational Group Potential Respira

tory Carcinogens

Investigator

10'dmo

Sy Metal dust, Tub
oil mist

V( tal workers, Welder
v ders and ponvn-
s makers, tool o

cers, foundry v
al moulders, lathe

Borst; Kennaway and
Kennaway; Turner and
Grace; Mueller; Dublin
and Vane, Wynder and
Gr dham McL'mghlm'
w et al.

Tabaceo dust, insecticides,
500t

Seyfarth: Borst; Kenna-
way; Enger; Vervaluya,
Irinkn

Metal dust, soot,
tubricating ol

‘urmee) mechani
; uahnnsts, ‘.)Nn;b(}h», ot

G ‘)44 & 1%9
espie; Turner and
Groce; Muceller; Wynder
and Graham

Mpetal plgments, coal tay
dyes, carbon black, asphalt
paints, skooMs‘ VC)’HCK)’
(lacquers,
svnthou( M ot

Prainters, and decovators

BECC ueller:
ublin and Vane; Fulton;
Wynder and Graham

Tar workers, road workers,

asphalters, pamﬂh"“

stokers, patent fuel

workers, furnace men,

foundry laborers,
allers, ete.

Tar and ,-;Lch fumes
and dust, soot

nnaway and Kennaway;
: n; BECC 1952 Regis-
trar- (;enu al (1938);
MeLaughlin

*Report of the British Empire Cancer Campaign,

TARLE XII

LUNG CANCER MORTALITY IN SEVERAL COUNTIES OF MONTANA

19471948 (LULL AND WAL

LACH )

County Annual Lung
and Number Por Cent Lung Cancer Death
Total Luug Cancers Total Cancer Rate per 100,000
Population Major S e Cancor e
1940 Industry Male Jremale Total denths Male Female Male Female
Deer Lodpe (’oppm‘ 21 0 21 98 20,8 0.0 145.7 0
18,627 o
Silver How 27 2 2 259 22.6 1.5 48.6 3.9
-J(},:_,G';f - -
Casgeade 20 5 25 209 3.5 46.3 12.3
41,499 .
Gallatin Agriculture 1 0 1 81 3.0 0.0 5.2 0
18,269 . ;
The estimated cv'ndo death : Tor lung ecancer among white males In the entire

10.9 per 100,0

United

¥

tes in 1947

The worgers employed i
arsenic contained in il
smelting nrocess.

sre and released as a by-

i copper ore mnun;, and smel:i

population,

ing inhale dust and fumes of
awnd waste-product during the

Vol. XXX
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TARLLG Xl

LUNG CANCER MORTALITY RATES IN AUSTRIA PER 1,000 DEATHS
(4. HERBICI 4ND R. NEUBOLD)

Community Total Males ‘T"oww?v:;
o 22.7 59.0 7.8
- 18.2 316 5.0 )
o 18.4 32.3 1.9 o
 Rest of Austia h 10.3 17.3 3.7

TADLEL X1V

CANCER OF THE LUNG AND LARYNX, ENGLAND AND WALES
1946-1949 (KENNAWAY AND KENNAWAY)

Taung Cancgr Larynx Cancer
Ratio-Number of Persons Ratio-Nuraber of Prysons
inee One Death Produeing One Death 2

Type of Community Female Male Temale
~ CGreater London 100 100 100
County Borough 129 137 125 55
" Other Urban Districts T
Rurz;'i‘f)aistricts . j"’ -

STANDALDIZED MORTALITY RATIOSY FOR LUNG CANCER MORTALITY
' O SELECTED 3ITES TN URBAN AND RURAL COUNTIES
OF OHIO, WHITE MALES, 25-64 YEARS

(MANCUSO, Th. F., MACFARLANE, E. M. AND PORTERFIILE, J. D)

Right Metronolitan Seven Other
Counties** Urbanized Countica**# Rural Counties**tx

122.9 81.8 68.6

“Ratio—Observed Deathsg

Expected Deaths

x 100

**Metropolitan County: Counties with cities of 100,000 or more in 1950 {91 pex
: cent urban).
#¥%Jrban County: Counties with citie: with populations between 50,000 and 100,600
in 1930 (66.2 per cent urban).
*Rural County: Counties with communities with populations below 50,000 in 1950
(41.4 per cent urban), comprising 73 countics.
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TABLT XVI N

LUNG CANCER DEATIT RATES IN STATRES OF THE UNITED STATXES e
IN 194¢€ “\'7) 1948

CRUDE DEATH EATES PER 100,000 rou

INDUSTRIALIZED STATES -

State 1046 1948

meovur ut

me "?V thin 6.7 8 4

h‘w le 8.7 7 4 . o
TALIZATION
; h o T ess T 1948 ’ MOR
' 5.8 7.4 -
6.5 8.5
o Prir
T 9.4
) 107() - 8—[\: -
“Cb] aska 5. 8.0

AGRICULTURAL STAT

State I‘M() 19‘8

Alabams 4.0 b. ]

o o ’ - ) i 1Sn

bouw U 3.0 3.9
e e s Jenver
H’zmhmvﬂion : 4.1 4.2 Tsan

e S - I i

4.9 2.9 o hicag
Vel
. . ) 1t
The death vates for the _vear 1946 were taken hom “he American Ca“cex Souetv -

Tne., 1949, Cas
“or the vear

- Tie

for each State in the Uoiwed States |
ced by the National Office of Vital St

(3};

“Hinme
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CABLE XVII
LUNG CANCER MORTALITY AND POPULATION DENSITY (STCOCKE)
ENGLAND

Groups of adjacent towns with over 200,000
0: cupxﬂd dwomn.,)s

London a'nd SUDUEDAN ATCA. e 156
Birmingham and Suburban Area ........................................ - 134
Manchesster and Suburban ATCR .

Liverpoo) and Suburban ATea... e,

Leedb and Suburban Al(.d

Cﬂl I mth 124,000 OCLU})IEU d\\

towns with 50,000 to 80 000 occupmd dwellin

s with 40,000 to 50, UOO occupmd dwellmbs ............ 107

of 12 towns with 30,000 to 40,000 occupied dwellings............ 104
Aggi egate of 13 owns with 20,000 to 30,000 occupled dwellings........... 160
A«;;;xcgatg of 29 towns with less than ZO,(}OO occupied dwahmgs.....,h.__. 89

TABLE XVII
INCIDENCE O RESPIRATORY CANCER, 1037 AND 1247
MORBIDITY RATES FOR NINK \f“’“I{OI’OLILA’\I CENTIERS, BY SEX
PER 100,000 POPULATION*

Males I* emdlm Total
Primary Site and Per cent Ter cent Per cent
City 1937 1947 Incroase a3y Increase

IIronchus and Lanw

12
148

_ 874y sz 04
3.2 5.3 66

e Bﬁlﬁn}unﬂx m 1.4 40 186 0.0

Denver 2.0 4.1 105 0.0 0.0

j ‘hpﬁ §_ra1 W::;:it:lo <88 96 ()2 Od
4 Q f
89 0.3 .
CDetroit 53 0.5 —85 2.0 3.4 0

“Biomelirics Section, National Cancer Institute.

R e
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TABLE XIX
ATOMATIC HYDROCARBON LSTIMATED IN ONE-MINUTE SAMPLIS o
HILSEL EXHAUST WITH VARYING LOAD AND ENGIWE REVOLUTION
SPEED WITH FUEL ]»\,x;\,LJO\ INEFFICIENCY
(P. KOTIN)

Quantities Expressed in Ugm./Minute

Senz- Benz- Anth-

- RPM Tead — Condition ~~ ~  Pyvene CPD. X Pyrene Perylene anthrenc .
71000 0 Compression Release 187 22 146 22 0
41* Compression Releagé 267 76 4}35 4J : 43
o Compression Release 536 175 772 124 223
) Compression Release 0 640 1520 610 472 B
o Compression Release 2>(>0 639 876 1265 469 N
) Compres:ﬁiio;MR;leasc 208 0 9 79 4.3
7 Compression Release 257 0 47 in 24
Compression Release 448 278 437 191 197
/1 Compression Release 888 438 438 930 320
»l,/;i Compression Release 1912 614 1706 976 G44
7 1400 0 Comp‘l";;sion Release 188 0 80 0 20
1/4  Compression Release 177 56 80 16
7 1/2 Compression Release 220 76 1372 368 69
- 3,}; Compression Release 7‘34—«7_7:,:{3’? 392 1071 B5T7
- 4/4  Compression Release 822 346 - iG‘B’I 944 G646 )

tar fumes and dust, pitch and asphais dust and Tuwes, lubricating
“ing oil mists and fogs, engine exhausts) ; over 2,000,000 with
¢ o metal Tumes, vapors and dusts: and many thouss nds of others
ng for occupatinnal reasons other occupational carcinogens, such
icals. asbestos and roadinac!ive materials.
nce some of the od oceeupational respiratory agents have

i among the local and‘or general alr pollutants parts culashf of
industrialized areas, people living and working in s ]
i any doubt an att enumed form of exposurc to iiose carcino-

. Whilzs inhalation contact with chromium compounds (chromite ore,
comates, chrome pigments), bervilium compounds, arsenicals and ashes-
‘i;.<:~< ;5 usually of local character and depends upon the release of specific
einuents bv certain industrial plants or the use of certain chemicals for
special purposes (pesticides, antirusting agents), respiratory exposure to
other carcinogens air pollutants, such as polyeyvelie hydrocarbons contained
in soot, exhaust fumes of gasoline and dieseci engines and fumes from
industrial furnaces. oxidized unsaturated alivhatic hydocarbons from
nvapora‘ceb or non abusted gasoline acted upon by atmospheric oxidants,
and racloactive matter, is of more or lcss generalized nature.

Adthouen the atmospheric concentrations of carcinogens encountered
under these conditions are considerably below those prevailing with occu-
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AROMAT

ENVIRONMENTAL CANCER OF LUNG GASOL
IN FORMER CHROMATE WORKERS

i
Wiart WORKED A LiINIMUM OF 6 MONTHS
AND HAD A L
OF 4 YEARS T7 MORE
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TABLE XX
< ESTIMATED IN ONE-MINUTE SAMPLES OF
TH VARYING ENGINE REVOLUTION SPEEDS
(P. KOTIN)

AROMATIC HYDROCALDBL
GASOLINE EXHAUST WI

; Quantities © Apres ssed in Ugm. at 9 Lead

: rM Pyrene Cri x Bcn7pvrenc Benzperlene Anthanthrene

? 500 225 289 120 235
1000 439 325 61 7

o 1500 266 EC 60 3

000 - 42 40 7 27 o

T so0 Tgae 197 2% 70 31

5000 121 25 19 85 14 o
1500 48 5 10 39 15

pational exposures, numerous epidemiologic observations on the geographi-
cal distmibution of lung cancer suggest that they are nevertheless carcino-
i senically efTective, )
In fac:, the first observations on an appreciable rise in the frequency
lung cancer were reported from the highly industrialized cities of
donsely popuiated Saxony during the first two decades of this century. ;
sSome years later it was found that high lung cancer rates existed for the N
sopulation of the industrialized territory of the Ruhr valicy, whiie they
; were below average for the agricultural region of the Main valley.
! A similarly irregular distribution pattern of lung cancer fre¢uency
: rates was recently established for urban-industrialized and rural regions
Aa.mua, England and the United States (Wable XIII, XIV, XV, XVI,
>, 2, Fig. 3). There is moreover evidence from England and ’t’he United
States showing that in generss the lung cancer death rates inevenso with
the gize of the community and the population density (nbis XV 11) and
theraf

fore display a certain amount of purallelism between these two
faetors and the presumptive degree of air pollution. Howoever, definite
exceptions to this rule have also been noted indicating that the quality ,
of air pollutants may play a role and/or that additional, stiil unknown e
environraental factors mayv bhe active in conlrelling lung cance:
rates, on a local level (Table XVIID). It is finaily noteworthy that this
urban-rural distribution patizrin of lung cancer death rates conforms with
the mcreased exposuie of urban populations to known environmental in-
dustry-rel ! carcinogens and their progressively increased use and pro-

duction particularly in urban areas (Tables XIX, XX; Figs. 4, 5, 54).

A e
ALl T

CONCLURIONS

i 1. The evidence presented definitely establishes the fact that some well
defined exogenous physical and chemical agents are causally involved in the
product:on of occupational cancers of the respiratory system of members
of Wrm n restricted worker groups.

2. Since epidemiologic studies of various large worker groups and of the
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membership ¢! special occupations have shown marked differences in their
lung cancer death rates and in view of the fact that excessive lung cancer
death rates have heen found in occupati(mz;" opoups with oceupational
exposure to known industrial respiratory carcinogens, it is likely that in-
dustry-related factors account for a much larger number of lung cancers
than that on vecord.

3. The demonstration of recognized environmental respiratory carcino-
gens in the -\1'm(mr>hvre especially of urban areas and of consistently 1
markedly higner lung cancer death rates for urban populations over rural
popu’mtions stronely suggests that industry-relnted air pollutants may
play a causal role in the causation of lung eancer and its recent consider-
able inerease in frecuency in practically all indusirialized countries.

4. While oceupational and indusrpy-related careinogenic air poilutants
seem to play an ivmnportant role iy, the cousation of' lung cancer and
recent increase in ﬂuoncv, it is obvious that ! re not the only factors
responsible for pulmonary carcinogenesis.

5. Research on the e'tm opy of lung cancer therefore should be conducted
on a broad basis, including not only inhalants but also agents entering the
body through non-respirntory routes.

MIIN

1. La evidenvin gue se presenta definidamente asienta el hecho de que
algunos agentes exogenos, fisicos y quimicos determinados, influyen causal-
mente en la produccion de cinceres ocupacionales del aparato respiratorio
en ciertos grupos limitados de trabajadores.

Puesto que los estudios epidemioldgicos de varios grandes grupos de
trabajadores han mostrado notables diferencias en la frecuencia de las
muertes por cincer del pulmoén, en vista de que se han encontrado excesi-
vas proporeiones de muertes por cincer del pulmén en grupos de trabaja-
dores que debido a sus ocupaciones sufren exposicién a substancias car-
cinogénicas respiratorias industriales, es posible que los factores en rela-
cidn con s ; v tengan mucho mayor nimero de cénceres en su haber
de lo que se concede,

3. La demostracién de la existencia de carcindgenos respiratorios en It
atmostera especinimente de dreas urbanas con mucho mayor proporeién
de muertes por cancer que en las Areas rurales, fuertemente sugiere que
hay poluciéon de aire por las industrias que pue de desempefiar un pape!
causal en el cancer del pulmén v su aumento reciente en praticamente
todos los palscs industrializados.

4. Si bien los agentes carcinogénicos que polucionan el aire en los am-
bientes industriales profesionales parecen desempefiar un panel importante
en la génosie del cdncer v oen su reciente aumento de frecuencia, es obvio
qgue no son los responsables dnicos de la carcinogdénesis pulmonar.

5. La investigncién sobre la etiologia del céncer del pulmén por tanto
debhe conducirse sohre una baso amplia que ircluya no qr’*lo los agentes
inhalados si abifn aquéiios que ingresan en el crganismo por otirag
vias ademds e las respiratorias.
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SCHLUSSFTOLGERUNGEN

1. Die vorgebrachten Belege stellen abschiiessend die Taisache ausser
“rage, dass einige klar abgegrenzte exogene physikalische und chemische
Kriafte ursichlich beteiligt sind bel der Bantstehung des Berufskrebses des
Respirvationstraktes von Angehorizen bestimmter beschrinkter Berufs-

2. Nachdem epidemiologische Untersuchungen von verschiedengrossen
serufsgrippen und von Angehdrigen spezieller Berufe ax
Differenzen ergeben haben hinsichtlich ihrer Sterblichkeltsziflor
cnkrebs, und im Hinblick auf die Tatsache, dass tbermissige bteriiic)
keitsziffern an Lungenkrebs bel Berufsgruppen gefunden wurden mif be-
ruflicher Exposition auf bekanute industrielle carcinogene Stofle der At-
; ane, ist es wahrscheinlich, dass auf die Industrie zu beziehende
Faktoren flir eine viel grossere Zahl von Lungenkrebsen verantwortlich
sind als cie dberliefert ist.

3. Der Nachwels von anerkannten, durch die Umgebung bedingten car-

ey Steffen des Respirvationstraktes in der Atmosphire besonders in
stadtischen Bereichen und von gleichmissig und ausgesprochen hoheren
sterblichkeitsziffern an Lungenkrebs unter der stadtischen Bevolkerung
vegenliber der landlichen Bevolkerung legt die Vermutung nahe, dass die
im Zusammenhang mit der Industrie stehenden Luftverunreinigungen eine
urséehlicne Rolle spiclen konnlen flir das Zustandekommen des Lungen-
krebses und seine kirzliche betriachtliche Hiufigkeitszunahme in praktisch
allen industrialisierten Landern.

4, Wahrend berufsgbedingte und auf die Industrie berzigiiche carciy
Ftverunreinigungen eine bedeutende Rolie .zu spicien schel
Zustandekommen des Lungenkrehses und seine jingste Haul
aahme, liegt es auf der Hand, dazs dies nichi die einzige flir das Zu-
standekommen von Lungenkre - verantwortiichen Faktoren sind.

5. Forschungen tber die Activiogie des Lungenkrebses miissen daher
auf breiter Basis ausgefithrt werden und nicht nur inhalierbare Stoffe
cinschiiessen, sondern auch solche Bestandteile, die in den Kovosor auf
anderem Wege als liber die Atmung eindringen.
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