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188 W.oUL HUEPER

hoas dusts comtaining ilica, woot, smoke, and

mental atr pollun
tobacco: dusts from roads especially asphalied or oiled roads: (ahaist
fumes of gasohne engines . irrative chemical fumes, vapors, and gases:
and war gases  However. no definite or generally accepted conclusions
were reached as 1w the role of these agents in the production of lung
cancers and their rise in frequency.

It was not unil the third and fourth decade of this century that ad-
ditional well defined occuparional activities and environmental agents were
again related to the causation of cancer of the lung and other parts of the
respiratory tract: ie. the nasal cavity, paranasal sinuses, and larvnx.
Among these ad-itions to the list of environmental FeSPITAtoOry Cancers
were the lung cancers among chromate manufacturers (19333, of ashestos
workers (1935). of arsenic workers (1930), and of coke vven OpETators
(1936), the cancers of the nasal cavity, paranasal sinuses. and lung among
copper-nickel smelter workers (1932) : the carcinomas of the nasal sinuses
among luminous dial painters (1931): the cancers of the nasal <inuses.
larynx, and lung among isopropancl manufacturers (1946 ¢ and cancers
of the larynx and lung among workers exposed to lubricating oil spravs
or mists (1936, 1949, (Table IIT). The most recent and best advertized
addition to this list is cigarette smoking.

TapLe III. Occupational Respiratory Carcinogens and Cancers Recorded Thomng
Fast 75 Vears

Site of Number of recorded case
Agent cancer Discovered U.S.A. Other countries Tuu'.'
Arsenic Lug 1930 7 16 2“
Asbestos Lung 1634 22 66 &8
Chromates Lung 1932 75 63 140
Nickel Lung 1932 0 84 R4
nares and 0 51 |
nasal sinus
Coal Tar Lung 1936 0 33 53
Petroleum I‘unz and
oils Jarynx 1636 7 33 30
Isopropyl Lung 1946 1 0 1
) oil larynx 4 0 4
' nasaj sinus 6 0 6
Radivactive Lung 1579 U 625 23
chemicals nas<a! sinus 1931 3 0 3

This impressive evidence on the existence of occupational and enyviran-
mental respiratory cancers. however, is not ge nerally considered as walid
by all parties concerned with such hazards, nor is there any agrecient
or reliable knowledge as to the relative role which these and other -

FANVIRONNEN AL 10 NGy ) [~

vireonmental agents assume mothe crusathon of cieer of the TOSPITATOR
trect Thus, the medical hrector o an WP TRe T T Conpany
recentiy expressed great shepricivin as to the actual merits af the avail-
able s on industrial respiratory cancer hozands He <zl 0 hae
as vet o see asingle report mothe iterarure winch sodicnies that the m-
cidence of hmg cancer, and | emphasize the word Cincidence. is Igher
for am particular industrial group Iven the chviaint <tide s Line oy
shuwn an increased relative frequency of Jung cancer, and hence 1 fed]
that undl incidence studies have been done. we had hetter stav awm
fx‘mn commenting about lung cancers in industrial worhers. " ' )
Paralleling this categorical attack on the significance of industry-related
environmental and occupational factors in the causation of respiratory
cancers is the recent challenge presented by the proponents of the cigar’—
ette ~smoking theory of lung cancer genests. It is alleged by these 1o
vestigators, on the basis of statistical e idence, thar the aredat majoriy ot
lung cancers—i.e. up to 967+ —abserved during the last 30 vears, as well
as the recent rapid rise in lung cancer frequency, are attrihutable to
cigarette smoking and the increase in this habir, respectively ( Table TV

Tawe INT Statistical Correlations Between Tedhacea Sicking and Lo Curcer

!

Degree of Smaking Habit Among Lung Cancer Patient~ « Maless

Highly Very Nem
uthiors excessive  heavy Heavy  Moderate smokers

Cigarettes,
onlv, balance

pipe ol ciears

Screh o of oal. (136 133 500 122 144
Wander and

Graham (187) 203 30.9 352 124 13
Doll and Hill (42 30 210 30.3 Rxs S
Bresiow of al (24) 133 07 193 53 a0
Gee 1 1645 0.0 370 210 10 = 20
Cortrafe-
Wynder and Graham 70 11.5 356 3003 14.6
Dot and  Hill 21 114 36 3 471 &8
Bresow of al, 3.3 34.8 18 % 111 30.3

The abvious impression is produced by thewe far re aching claims that an
elimination of the cigarette smoking habit wonld resalt, within 13 .30
rearsoom a reduction of the number of Jung cancers to a level prevailing
betore the turn of the century and the advent of the cigarette, .

Stce the two propositions outhned Possessadbierents of Gonseguence

anc e actively and vigoroush propagated in both the <cientime and Iy
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ress. they desorve serfous consteration 1 he acceptance of oither . -«
{ )

gations 1 hound to exert a profound wifluence g -

=

both of these alleg
direction which the contral of respiratory cancer hazards will have 10 100
m the mmediae futire. as well as upon the type of epdemiologic

o

experimental research swork which should be undertaken on this suiiees
during the coming vears. \part from the not unimportant matter of
screntific accuracy and validity of these claims, thev also pose medicoleg !

mnphecations of o anean proportons, which are of immediate concern 1o
partes engaged in the prosecution and adjudication of Compen~utinn:
clans. .\ critieal and sober analysis of the evidence availible or the
causation of respiratory cancers by environmental agents therefore ap-
pears to be of some importance and urgeney for these reasons. and cs-
pecially in view of the continued alarming and progressive rise in cancers

of the lung in 2 industrialized countries (Fig. 1.

10
ENGLAND WALES
9+ MALES
usaAa
ELES
i
OP WAy
[MALES
4
6T ! NOP A
/r MALES
54
41T «
WIT ZERL AND
MALES
34
ENGLAND& WALT S
24 FEMALES ,.*
: T
L] -
. 05 a
. FEMALES
e o AL ARD
MALES
° , t t t t t
1924 1928 1932 1936 1940 194 4 1948 1558

Froo 1o Colparative trends i, FOSPIraton s cancar mortality 192401050
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Crrcranstontial Pcudence Daverig e v con a0 oawaton oo Lon s
Canicd

Among the various abservations favorin e o oo nd OTIEIN O

mofeooney. chore o be cted the

respiratory cancers aned st rise o freocn
marhed variatons mthe tme of onsct of the ater phenomenon, in s
mtensitv aned in its progresston in diFoeent oo e statee, Provined s,

cotnties, regions, and communities  Taddes Vg VL IFig 2+ W\ hile

Cama N TLung Casteor Dreath foaves . 2
e 104n e TN
Cride Death Ratoo por oo

Industriansed  Neic

State 1646 1048
Connecticut &3 111
Iinois 21 &2
Mary land A3 a4
Massachusetts 104 102
Michigan 7 71
New Hampshne 74 101
New  Jerweyr a7 a7
New York 10.2 119
Ohio 6.0 73
Pennsyhvania 67 ®4
Rliode I<land 87 74
States with Reqronal Tndw drafizanes
Florida 68 74
Louisiana 63 R3
Missouri 73 9.4
Montana 100 & X
Nebraska 37 8
Agrwculturai i
Alabama 40 R
Arkancas 36 4
New  Mevwo 26 30
Nortin Carohina 31 10
North Dakota 36 11
tJregon 41 34
South Carolina 36 182
Washington i1 42
Wiyomimng 19 10
Nenn The death rates 1o the Year 10 wor LS Troon TR0 An. tean Oy
Soctety, e 1949 Caneor Froatn INVETRNAE R LT P

' N .

those Tor the vear TO48 wepe proclucod Tt [ R S N T
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i Norway, less than o) of all cancers in males involve the lung, the
corresponding fiiure 13 Great Briain is about 257 The onset of the rise
m Jung cancer mertalin did not occur ftaly until about 1930 (1910-
1923 Tung cancer Aepsy rate of all autopsies in Padua and Milan 0.07
Tawry VL Sdence or Respoatory Cancer, 1937 and 1047
Houd Rares tor N Metropolitan Centers, by

Sea per 1000000 Poprdations

Primuary
Site Males Females Toral

and ity Percent Percent Percent
1937 1947 increase 1937 1947 increase 1037 1047 merease

Dronclus and Lung
Atlanta 0 154 168 1.0 50 400 29 R0 207
New Orleans 151 391 198 238 4.2 50 76 208 174
Dallas 39 2943 392 05 64 1180 3.1 17 2 433
Birminglam 43 18y 320 21 39 86 33 110 233
Denver 9.1 216 111 4.2 S1 93 66 148 124
San Francisco 156 343 120 3.9 Sl 108 98 28 112
Chicago 3.3 29.3 122 4.3 70 63 88 IR0 103
Pittshurgh 9.7 26.1 169 1.9 ) 12 73 13¢ 114
Detroit 126 320 154 2.3 7 148 76 199 150
Laryvnv

Atlanta 1.4 4.0 186 03 0.3 — 0.9 20 122
New Orleans 11.3 149 32 04 10 150 56 76 3

Dallas 3.2 33 H6 1.3 04 73 23 27 17
Birmingham 14 4.0 186 0.6 13 — 07 26 271
Denver 20 41 103 00 .0 — 0.9 29 122
San Francisco 453 83 96 02 0.3 360 24 4.6 92
Chicago 67 7.0 4 0.4 06 50 35 37 6
Pittshurgh 14 80 82 04 1.8 100 24 14 83
Detroit 35 6.4 &3 04 0.3 —25 2.0 3.4 70

“Biometrics Section Natinnal Cancer Institute

and 0.1392 ; 1925-1933 in Venice (1.5% ). The rise in lung cancer
mortality lagged in rural districts of Denmark by ten vears hehind that
of Copenhagen. Stocks (104} found that the local incidence rates of lung
cancer in England and \Vales during 1921 and 1939, and 1946 and 1948,

_revealed a general relationship to the extent and density nf huily up arca

4> eapressions ot atmospheric air pollution through smoke from chimneys
(Table V). Similar observations were reported for England and \Wales
by Kennaway and Kennaway 196 covering the period 1946, 1949, and
comparing hing cancer mortality rates of Greater London with those of
larger fowns and rural districts (Table V] o The etiologic significance

ENVIRONMEN AL 1 NI 1u

fl

INDUSTRY facRicu LA |
|

f

|

MINING
RANCHING
|

DEATH RATE DEATH RATE BEATH RATE
ALL gégct'::osaégr ALL CANCERS-200 ALL CANCERS- 150

, PER 100,090 '
SKIN-IS SKIN- 15 Y sruNfrsaR 100, 000
RESPIRATORY - 32

RESFIPATORY—3O

COLORAD

Fia. 2.

Spectfic caneer deatns i oules

of these eprdemiological findings is indicared Ly the recent demonstration
of 3.4d-benzpyrene in the pollutants of the Ar of severa English cities 1
Waller (180, and of the particulate phase of the air of [os
California. and of the exhaust of gasoline and dieel engines |
etal. (99,100,

s
Angeles,
Uy KNotin

o - pu .
Favee VI, Lung Canecer Mortality g4 Pepridation Licnsifye

Groups of adjacent towns o ep 200,000
OCCHped dwellings -
London ang Suburban Apeqy

N

Birmingham and Suburban Mroa l].‘i—#‘
Manchester and Nuburhan Areq 139

Liverpool and Suburban Ares 162

Leeds wnd Suburban Areq 152

Shefiield wnh 124,000 vorupied dwellings 11:
Newastle and Crateshead with R7000 0 upied o et . IH
‘\u;:r(-gau- of 6 towns with SOO60 14, 83000610 YRR T g 113
AgLregdate uf' S towns wph 0000 1wy Z000 OCCU N dw g 1“;"
\egregate of 12 vonune with 30,060 4, 0,000 ¢, Epred oy cihinge 104
Npgregate of 1. i with 20600 4, SO000 0, e ey Ty
Yrgreente of o0 v watly Toas qfan 20,0011 cupted e g N
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Taver NI Concer o Lo and Loranr, England and {alest 1946 - [940 N
Lang cancer Larynx cancer _ - ~ = -
Type of rauo-number of persons ratio-number of persons - ’ 4= ; ';
community nroducing one death pmduunq one dm h ) —
Males F emalc\ \Id s l emales Y =
Greater Londoa wo w  we T =
Comnty bhoroegh 120 137 125 25 = > ;2 R = =
Other urban distrats 160 136 148 30 = =z % N
Rural disrrocts 233 183 170 42 . =
Reference 90, ::: ' .j_
= N
te = o o= =
This irregular epidennologic pattern exhibited by lung  cancers for ) = -=s 2 =
difierent regions and population groups conforms more closely with that z 5 z
shown by industrial developments than with one which might be ex- I 5 z ;
pected as the result of a curcinogenic action of a single environmental = T = v - . =T
factor, such as cigarette smoking. = =2 0o e T
This interpretation of the data on the general epidemiologic behavior z . E
of lung cancer is supported by evidence on hand on the frequency of H e = E
these tumors among members of special occupatienal groups, for some 2 Z 27; ‘ R i F
which well defined exogenous carcinogenic contacts are known to exist = - I= N TE oz
(Tables IN-NXIT), = Z oz
- z =
TasLe IN. Lwiy Cancer Death [\af( per 1000 Deaths of AN Cawses tor Seven = :; . = =X i — ; i
Industrial Groups i Oluo, 1997, dmong 5,309 Male Cancer Deathst = = g =
Industry Respiratory cancer §: § =
Iron and steel s = = . =i
Transportation 241 z § s e =g -
Agriculture 0.82 z = -: T
Rubber and plastics 2.34 ~ i = =z
Stone, clay, glass 0.66 3 ' "z
Non-ferrous meta! 3.22 Z 5008 = - =
Mming and quarry ing 1.33 ‘ =
Total 1.76 “ ‘ _;« <
uReference 118. g z z
.z Operating railroad workers inhale carcinogenic polyevelic hyvdrocarbons z E _: < _.:_f_
contained in the sooty exhaust of diesel engines and coal and oil burning ‘ = "_E : _g z
locomotives.  The employment ratio of operating railroad workers was -7 S _EC
1:4. Thus about 7577 of the lung cancers occurred among the operating Lz i
group represenung about 25377 of the total number of emplovees. . = :: ~:
Ross (147 recently stated that there occurred during the period 1933 E O ELL = . z ; g
to 1952 an almost tenfold increase in the relative frequency of death from = AC' - = =
: = -
z 7 ,

BN fere e ¢ 113
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Ly Cancer Foconency Among Operatiug and Nonoperating Naread

Tarrr X1

Horkers

Lung cancers

Lung cancers Tung cancers

nonaperating undetermimed

RR workers

Totdno operating

RE woskers

Railroad Perod long cencers RR workers
T NG, o No. o No. e
A 1040-1a20 2t 24 83 X 17 - —
B 1939-1040 104 39 37 15 14 30 2q

lung cancer among the members of the Drotherhood of Railroad Train-
men.

Dunner and Hicks (43} recently called attention to two additional
specific worker groups, namely boiler scalers and grain dockers, who
seemed to have an excessive liability to lung cancer. It mav be possible
that contact with chromate containing scale, if chromates are used as anti-
rusting agents, yay account for the ohservations of boiler scalers. The
presence of fungicides or other chemical additives or contaminants may
have to be considered in relation to the lung cancer liability of grain

dockers,
Conclusive Evidence on Environmental Respiratory Carcinogens

The demonstration of special lung cancer hazards produced by a number
of well defined exogenous chemical or physical carcinogens has <o far Feen
achieved for only relatively small and circumseribed worker groups [t
is well recognized however, that similar contacts exist for other and often
very large industrial groups which either have as vet not been surveved
or about which records of investigations undertaken in the past are not
available in published form. Since many of the occupational respiratorv
cancer hazards e¢xtend in some form and to some degree to the genera)
population through contact with industrial wastes released into the at-
mosphere, with gasoline and diesel engine exhaust, dust from tarred and
oiled roads, and the abrasion of rubber tires, or the handling and u<e of
consumer goods (paints. sprays. antirusting agents), it can justly be
concluded that the actual scope of the environmental respiratory cancer
¢ problem may be of a magnitude only faintly diccernible from the recorded

2 factual evidence.

General Characteristics of Environmental Lung Cancers
An analysis of the epidemiologic and symptomatic data on environ-
mental respiratory cancers shows that these neoplasms as a group have
certain general characteritics

Sxposure Thne and [atent Period. In the majority of accupational

Occupational Groups 1With an Fressice Lung Cancer Incidence

TasLe XTI,
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respiratony cancess, the disease 15 discovered while the mdividual 15 still
at work; ic. the exposure time 1s identical with the latent period. How
ever, there exists reliable evidence gathered from the entire occupational
cancer field which proves that the exposure time mayv be much ~horter
than the latent period Therefore, an envirommenial lung cancer may he-
come manifest many vears after exposure to a spectfic exogenous agent has
ceased. An analvsi= of the final fate of some 130 former chromate worker-
engaged in chromate production for at least six months, and having passed
a latent period of more than four vears after discontinuation of their em-
ployment, demonsirated that of 25 deaths which have so far occurred 1n
this group, five were caused by cancer of the respiratory tract representing
20% of deaths from all causes. In ashestosis lung cancer the exposure-free
mterval ranged frum several months to 20 vears in many cases (182),

From the information availahle on the length of latent periods for the
different types of environmental respiratory cancers, Tables NIII and
NIV were prepared which show the interrelations between exposure
period and latent period. as well as the vears which usually elapse between
the onset of exposure and the manifestation of the cancer resulting there-
from.

Attack Rates.  The information available on the attack rates of the

Tawe NI Lateat Periods of Intwrowmentel Respiratory Cancers

Lung Nares and nasal sinuses
Average Range of Average Range of
fatent latent latent latent
Agent period period period period
Asbestos 18 15-48 — —
Chromates 15 347 - - —
Nickel 22 6-30 11 3-26
Tar fumes 16 9-23 — —
sopropy! oil — — 10 6-16
Lonizing radiation 25-35 7--50 25 19-32

“Period expressed 1n years.

Toasee XINV. Fepovare Tinetr o Encironmental Respuatory Cancers

, Agent lang Nares and nasal smnises
[ S, A -
- Axerage Range of Average Range of

CNTOSUre: CXDPOSUTC expostre eXPosure
Tihe tine time tine

Ashestos X1 60 40 males - —

76 0548 female s - —
Nichel o 133 nuales 23 3-26

Thime expressed in ovedr -

ENVIRON ML N A 11 N, TNGCR 1909

Variouns environmental respiratory eancers for populuizons gt rish i
defective and macceurate, with the possible oveeptiont of the data on

TeIPIFALOrY  cancers among chromate manufacurers, oprojnd alcohol

makers, and radicactive ore miners. The evidesce on hand on attack rates
ior the various occupational FeSpPITAtory Cancers. moreover, is expressed
terms - which cannot readily be brought upen o conmvon denominator
In evaluating the merits of these estimates, consideration. moreover, must
be given to the fact that the attack rates are subject to various factors, such
as the relatuve potency of a particular carcinogen, the mtensity and duration
of exposure, and the accuracy and completeness of records kept especially
in regard to former workers who left hazardons operations  The attack
rates, therefore. mayv vary with different groups exposed to the <ame
carcinogen.,

The data given in Table XV, thercfore. should be regarded as rough
approximations designating the magnitude of trends in cancer frequency
for special population groups exposed to several particular occupational
carcinogens, rather than exact values of incidence, or frequency of respira-
tory cancers  These attack rates obtained on special worker groups. how-
ver, are not applicable to any other worker group which might be exposed
to the same agents, nor to the general population which has active respira-
tory contact with some of them in a mntigated form,

dge and Sea Distribution. Occupational respiralory cancers often fol-
low the general pattern of occupational cancers by exhibiting a trend to-
ward a shift 1o younger age groups than those characteristic for crypto-
genetic cancers of the respiratory organs. It scemis that the age at onset
ol eaposure as well as the mtensity and duration of exposure m addition
to the potency of the carcinogen account for this phenomenon (Table
XA,

-\ characteristic and significant shift in age distribution of occupational
respiratory cancers is demonstrable for lung cancers produced by chrome
pigments, tar fumes, and 1onizing radiation.

The great majority of occupational respiratory cancers recorded  in-
volved males, because only males were emploved in the hazardous occupa-
tions. The only exception to this observation offered by the ashestosis
cancers of the fung, which attected in a serjes of 32 cases—ior which sex
data are available-—37 males and 15 females, representing o male-female
ritio of 251 (general ratio 301w 101, Fojuahzation of carcmogenic
exposure, as represented Inasbestosis for the tue cexes, thie resulted m oy
trend toward equalization of habilits o lung cancer These observations
which can be dupheated for other carcmogens and sites also do ot favor
the concept of a4 ~ex related sisceptibihty to hing caneer.
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The marked and growing predominance of
victims seems largely to be due to the followmg
1. Males are more extensively emploved than females in ocCupations
where known or suspected atmospheric

males among tung cancer
factors:

carcinogens are produced and
used. and work more consistently and over longer periods of their lives
in such occupations.

2. Males predominate in outdoor occupations, especially in urban areas.
where they become exposed to carcinogenic poliutants contained in the
general atmosphere (effluents of demestic and industrial furnaces. exhaust
of gasoline and diesel engines, dust from
oiled roads ).

3. Males more often than females perform heavy phyvsicat labor requir-
g deep and frequent TespIralory movements facilitating the
of carcinogenic air pollutants into the distal portions of the respiratory
tract. and thereby increasing the frequency and degree of exposure,

4+ Males more often than females work through the entire span of
their occupational life within urban areas with proven carcinogenic at-
mospheric pollution, while females to

rubiber tires, and asphalted and

penetration

a greater degree than male-, stay
for lurger portions of their Jives in the cleaner suburhan dormitors
Communities,

Histologic Types of Occupational Respiratory
information available on the histologic tvpes
cancers are quite detective,

Cancers. Although the
of accupational respirator
it is apparent from the data on hand. that
among the respiratory cancers recorded ne of oceupatonal origin, \arions
histologic tipes oceur, and that there does mot et any relation et een
a ~specthie etiologic factor and the histologe
The

occiy ntional

Bpe of caramomaton-

e -
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Carcinomas womposed o <everal histologic types were repentedhy T

served  [squanmons cell-aden warcinoma with ashestosic e oS e
binations of squamous cell and round cell carcinomas ¢ Schneehery can-

cersy (1344

Tasee NV

Hooows Jypes ot Orccrepatiwal Resporatory ¢ enlers

Squamons
vell talul-

notmawith - Round cell Anaplastic or '

or without  wroateell  pol morphie Vrlenoe .
Aaent Orgun cormfication  carcinoma carcimaoma Carcit.on, [
Tar fumes fung 3 - e 2 i
Nacket Fang 4 — 3 — f
Chromium Iung — 2 — - |
Ashestos Lung 11 2 2 f |
Radioactive Lung 14 9 7 1 i
gases and dust i
Nickel Nares and ’
nasal sirus 3 — &) 1 f
Radioactive Nares and
gases and dust  nasal <inue 3 — — —

Nares and

na~al <inus — —

Isopropyl oil

It may be mentioned that a multifocal origin of various occupational
respiratory cancers (asbestos. lonizing radiation) has heen reported by
several investigators. This ohservation may be interpreted as reflecting
the marked severity of occupational exposures since multicentric carcin-
genic developments are rather commonly observed under the abnormal
and extreme exposure conditions practiced in experimental carcinogenic
studies.

Causal Mechanisms.  Biochemical Reactions of Respiratory Carcino-
gens.  Apart from the rather diffuse causal concepts such as heredity, cell
misplacement, and chronic irritation, there have heen ohtained during
recent years data on specific chemical interreactions of respiralory carcing-
gens with constituents of the host organism. Tt seems that all of these

reactions are common either to several or all of the known respiratory
carcinogens and  therefore may furnish a sciaitically sounder basie 1or
future investigations into the nature and different phases of the actual

chemical local and svstemic. humoral, cytoplasmic, and nuclear change-
which ultimately 1esult into cancerous cellular transformations,
Sulfhydry ] Inactivation During the past two  decades various -

vestigators have Jhown  that seueral carcinogenic  sulntances act ureon
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sulthyvdrs b groups. and therehy cause an siaation o ~tlthydngd ac-

I 3

mated enzyvmes and disturbances m the coduor radan i D o7

SHOH6), and that chemeal carcmiogens way be macuvated Iy combining
with or inducing oxidation of sulfhinde ] grovee (33 07 Such etfecrs
have been demonstrated for spht products 51 -l wnnnonzobenze ne
1139} as well as for Sc-benzpyrene (27wl were lemonstrated [
Hueper ef al Q20 {or lomzng radiction iy upons bioloie, growds
promoting material (embryo cntract) \reenicss are hoown to commbine
with and accumulate in tissues rich in suihvdryl eraaps epidermis,
hairs, nails .

There thus exints some evidence that CETLAN CXOQUIES Carcinogens
which produce cancers of the respiratory tract wlubit the metal lic action
of free svlthydryl groups and ‘or may cause enzymatic and oxidative die-
turbances. The extensive mdustrial use of nicke! and chromium as cata-
lvsts, and the inhibiting action of beryllium rn  alkaline phosphatase
provide evidence suggesting other action mechani=ms of carcinogens upon
enzymatic activities, There exists, moreover, the possibility that through a
direct chemical action these carcinogens mas bring about the procluction of
abnormal endogenous substances, such as for instance steroids by an
oxidative effect of chromates on cholesterol V53

Protein Conjugations. Following the successiul artisicial conjugation
of aromatic chemicals and related carcinogens with protens through azo-,
or 1socvanate-. or carhbamido-linkages and the production of carcinogen-
hapten specific imniune hodies in the serum of animals injected with such
~vnthetic antigenic complexes (34, 54, R0, 102, 144, attempts were made
to demonstrate similar hut spontaneously fornyed carcinogen-protein com-
}“i(wr (S% i
suggested that carcinogenic polyevelic hvdrocarbons might combine with

plexes in the tissues of animals exposed 1o carcinogen-

cell proteins by the opening of an § — « Imkage. While the actual ex-
istence of protein carcinogen combinations vas rirst <hown in connection
with hepatoma producing aminoazo dves 11230126, Mller (123 wue-
ceeded alsg i demonstrating the formation of vrotein bound derivatives
of 34-benzpyrene in the eprdermal fraction of mou-e <kin [t i< likely
that arsenicals combine with protein hound <ulfhs dry] groups, and therehs
form arsenic-protein complexes which mas gre rise at dmes o allergin
reactions. The not infrequent oecurrence of alleruic dermatoses in worker-
exposed o two additional resprratory. mietallie carcimngen-, namely chro-
mium and mekel, sugoests the formation of corresponding protem corn-
plexes throngh linkages of these nietal- with the earbos i, wdrovvl- or
sulbvdral-groups of the amimg acids In frer recent invesugnnons of

Poweleur (10X as well a Hueper. Johnson and Cirogan 90 o
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anmials mpected with nustures of chromuan and nichel conipounds 1
protein solution, huve roaiiiad i the production of metal speciiic anti-
bodies, Nttenprs ar demoustrating similar antibodies m the serum of chro-
Mate manufactur s, several of whom had been operated on for cancer of
the Tung, give <& nvocal = sultss Of the positive precipiin reactions oh-
served i these experiments with human material, antigens prepared with
trivadent chromicn tchromium acetate | gave. in general, more consistent
and stronger reactons than thoee obtained with antigens containing hesa-
valent chronmun. « potaaainm chromate).  Associated <tudies of Grogan
and Oppenhemner 62, g trivalent and hexavalent chrominm, compoutuls
dissolved m humin plasma and tested for the presence of metal protein
complexes by the techmiques of dialysis, moving boundary, and paper
electrophoresis, azil light ~scattering phenomena, provided chemical evi-
dence supporting the imnuncechemical observations,

Alention also may be made in this connection of the statement of
DeNardi ot al. (37) to the etfect that the pulmonary granulomatous re-
actions seen in Lerylliosis are attributable 1o, the formation of beryllium
protein complexe- eliciting an allergic reaction. These more recent ol-
servations on the formation of protein complexes by polyeyclic hydro-
carbons and meta.s possessing carcinogenic properties lend support to the
chemo-allergic muration theory proposed by Hueper (82) in connection
with the development of biadder cancers in «ve workers exposed to certain
daromatic amines <beta-naphthy Janue, benzidine (121 .

Recent studies of Lnglish investigators (65, 70), have furnished a new
and intriguing concept as to possible combinations of carcinogens with
tssue proteins through the postulated formation of cross linkages between
carcmogenic chemicals and the macromolecular fibers of chromosomes.
This hypothesis was evolved from evidence obtained in the study of
carcinogenesis by nitrogen mustards, di-epoxides, polyethyleneimines, and
related compounds. In view of the fact that one of the various means by
which these substances may exert their specific action in the cells is
through polymerization. 1t 15 assumed that polvmerized epoxide chains
might interreact with proteins or nucleoproteing of chromosomal origin, hy
cross linkage with multipoint attachment, and thereby cause mitotic aberra-
tons. The initial reaction of one of the epoxide groups of monomeric
molecules, with the cell component also may start a process of polvmerizs -
tion by being follow e by a scif-condensation of the free epoxide groups
mto a polyvethenoxy structure,

These concepts are of interest to respiratory carcinogenesis for severil
reasons. They may have direet application 10 the development of pul-
IMOMY caneers m connection  with occupational exposures 1o silicon
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and carbon poly e | el ashestos apd Isoprarn g o CCeTtaming poly -
propyvlenes and or Bopropy ] eposgdes (43 N Smce it has heen ~how
experimentadly thar e least one epoxtde 723 Aoy Inttine i car-
cinogeme (71, the observatons of Notin o0 i G Concerme
1l

Dresence ot carcinogenie unsaturited aliphatic cosades i othe atmosplic
ot Los Angeles ganoancreased importance e 1, the nature of Possihd
carciogenic air pollutants in urhamized areqs

Additional potential CXTEns1ons of creme lnkine CATCINNLenc pol e
m refation 1o pulmonary CAICMGEenesis may roanlt frog the proposed
medicinal use of polvvinyl aleohnl and methelnrctha oy e balls for the
extraperiosteal plombage of the pleurai cavity for Ieuring a prrmanein
collupse of the lung becanse of pulmonary tubere gloags P83, 1801, Men-

tion mav also he made of the fact that 1w, lorge molccular Polvmers,
naniely, polvyiny] pyrrolidone and dextran, which have recentlv heen m-
troduced as plasma extenders, are 1y Part arrested in the imlmonar\'
capillaries and enter the capillary endothelial lining angl interstital p(‘ri'—
vascular tssye, therehy creating intimate contact with pulmonary struc-
tures. These medicinal uses of various natural and svnthetic y;r)l\'mc'rs
are of potential significance because of the demanstration of carcinc‘)genic
effects (43, 133, 190) produced in mice and rare following an mtra-
peritaneal and subcutaneous mmplantation of & considerable number o1
chemically closely  related polsmers, such 4. cellophane, polvethvlene,
polyvinvl  chloride, Nylon, aerviic resin, polyamiede (I{-‘:1])1:(:]:1c'mm'.
Teflon, and  Silastic, Alhough there are no  observations indicating
whether or not these findings in animal« mav applyv to man, appears 10
he wise 1o heep all industriz] w orkers, whe, may have respirarore Contaet
with fumes, vapors, and dust of these and related polvmers in the produc-
tion and processing of synthetic plastics and textjle fibers, under cloee
medical surveillance for a possible development of TESPITUTOTY  eancers
These precantions are also indicated hecayee of the e of wnn»-knm\'n or
stispected  chemical carcinogens  (nickel carhomyl. aromaric amines;  ge
catalvsts and ‘or antioxidants or Curing agents in the manuiactiure of the.
polvmers fmethacry late plastics, svnthetie ribber: CpONyresins .
Because of the similarity of the exvtologic alterations, especially chronm -
somal fragmentation and bridge formmtion . anaphase, jroduced by the
various aliphatic carcinogens studied by Hendry ¢ ). 70071 and -
dow (63 1) those clicited Iy nising raclingio, their itinn has been
cadled “radionnmerie.” ISEEN SHCTCSUNg 10 piote p this connectuon (.,
lonizing radiation May stimulite depolymierization of macroniolecalar pols -
i

mers as o well as e forniaion of Cross i o

T

i eanr polvethy e
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and nasal ~inns cancers in workers exposed o racdionct i o dust and gaees,
however, i spoculutive o 1o

The various ahservations and hypotheses discussed in relation to the
possible hiochemieyl changes underlyving environmemal reSpIratory car-
CIogenesis suggest that all agents seem 1o interact by ome mechanism
with proteins or nucleoproteins and produce. thereby, abnormal proteins,
The sigmticane: of thewe proteinic alterations 1o the cancerization process,

however, 1. tdetermine

Specific Respiratory Carcinogens and Cancers

The respiraton CATCINGYens <o far recognized  differ greaty m their
chemical and Physical properties as well as in the physicochemical status
i which they come in contact with the respiratory tissue.  Some arc
chemical agents, such as various metals or inetal conipounds  (arsenic,
chrominm, nickel, . or minerals (ashestos |, or aliphatic orpanic {(isopropyl
oil), or aromatic organic compounds (chemical carcinogens in coal tar,
pitch, soot, petroleum derivatives .. Others exert a carcinogenic effect
through physical forces (1omizing radiation), such as the various radio-
active chemicals, They enter the respiratory tract in the form of dust,
fumes, mists, vapors, and gases, Depending upon the particle size of the
dispersed CAarcinogenic material they may penctrate into different parts of
the respiratory tract. If the particles are rather large, thev produce maini
cancers in the upper parts ( nasal cavity, larvnx) They may enter, on the
other hand. the deeper portions, such as the bronchi and lung or paranasal
sinuses, if thev are of very <mall particle size or take the form of vapors or
gases,

METaLs.  Nickel. Nickel, one of the most industrially important
metals, and principally mined in the Sudbury district of Ontario, Canada,
finds many uses (alloyed with iron, copper, chromium, aluminuns, cohalt,
and molybdenum emploved in the manufacture of stainless <teel, heat
resisting steels, forgings. casts, wires, sheets, stractural shapes, tubing,
rods, bars, trips, ete. ), clectroplating, catalysts. ceramic enanels and
colors, pigments in paints and inke, storage batteries, ete,

Exposure to nickel fumes and nickel dust of metallic nickel and s
cgmpounds or o nickel carbonyl vapors is, therefore, frequent for murs-
tfial workers of many types and in manv operations,

The Gt report concerning the occurrence of ap excessive number of
cancers of the nasal passages (nasal cavity and paranasal sinuses) an
of the lung, among workers on the Clvdach plant of the Internationa!
Nickel Company located at South Wales, England, was made by Grenfell
t6l) in 1932 although the first appearance of these neoplaane among the
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WOl Tenery workers w e neticed i ja2e Stbsenie CERGTIG e
dig vt those canicers were micde Tyv Spep ens 12, Amwr o4, Coerpen
c320 Caroza 1290 Merewaher 104 From 1023 1, g AR

here weie notified with the Chief Invpecror Factories a roral of 47 RN
rem the ek
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2L cancer of the nose and X2 cases of cancer of the hing
verhs By the end of 1948, 46 of the nasad cancer and

coses had dhed Nk of 1the nusal cases i oniv o two of the hung cases

Of 1he "HY“;

had conmenced work in the nickel FCHNery atrer 1924w hep 4 reConsIrie-
ton of te plant had been carried ong The verage enposure perwod for
the nasal cancers was 23 vears trange. S-20 viarsy. and for the lung
caneers 25 years frange. 1-33 vears,. No cqus of cancer of the larins
have occurred. and only one cancer of the e pharns was oliserved ay
Chviiach,

The nasal cancers involved the turbinate-., masal septun. and paranasal
SBUSes tethmoids). Of these (he majority were of the undifferentiated
cell type (six,. some showed a squamous cel] character tthree . while
columnar cell carcinomas were mncomninn roned  OFf (he ling cancers,
of s hich histologic studies were avatlable i anly four cases, three were

of the small cell, pleomor shic ype, while one was a squamons cell carci-
O,

Smilar observations were recently recorded from o a N wegan nickel
rennery. where three cases of lung cancer were ween | 09 In ope of
these cases a stuamous cell carcinoma was assaciated with sarcoid e, ms

Goldblatt und Wagstaff (60) mentioned that far cancers of the
resprrtory tract have not heer notedt among the worker emploved ar
the Grerman nichel refinery ar Taudy 1g~hafern, nor has there Leen Observed
anunusual frequency of respiratory cancers among the werkers of the
Sudbury nickel ore mines and smelters in Canada

Anmor (4 pointed out that the Majority of individuals emploved g
Clydach, who develuped FOSPHTAtOrY cancers, s ere net exyosed o (e
inhalation of nickel carbonyl, but to that of vickel matte dua or N
from the nichel matte roaster (109, More recent data conmmumented
by Morgan (127, confirmed this observation, although expo-ure 1, nickel
crbomd sapors had occurred more irequentls among the affected workers
than apparent from the datn Previously enen by Amor. The relatively
el mddence of cancer of the nasal vty ndesd, sugges that a rather
conrseparticulate dust readilv arresged qr region of e tarhina. .
may have heen active i e production of «ancers ar e particular <,
while niche] CONLUNING  vapors or g Vers o seall paitn nlaze e HION

!

el aceount tor 1he cincers of the lnng 4 1 “heal s

Yo e iy e agento vanons theogre < 3 - been v ineed Ny
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favored the concept that the inhalation of mist from arsemc contahang
sulfuric acid used m the refining process was the actinve Ccarcinogenic agent
It 1% most unlikelv that this 1~ correct because the nickel refinery workers
do not suffer from perforated nasal septa. and display no evidence of
chromie arsenicism. ~uch as dermatosis and  cutancous cancers, which
almost alwavs have accompanied the occurrence of lung cancer amony
workers exposed to arsenical dusts or fumes.

Amor (4) stated that the refined nickel-copper ores are free fron:
radioactive matter. The respiratory cancers observed among nickel rein-
ery workers thus are not identical in etiology with those seen In miners
emploved in the radioactive mines of Schnecherg and Joachimsthal,

Workers eniploved at the roasters, in the nickel carbom! operation
and at other parts of the plant. on the other hand, hecome exposed to the
mhalavion of dust, fumes, or vapors containing nickel,  Nickel is the
common denominator for all of them. [t thus is most probable that the
respiratory carcinomas observed among nickel refinery workers are re-
action products to more or less finely dispersed nickel particles or vapors,
There 1s no evidence available, however, which indicates that the in-
halation of nickel in particulate or vaporized form is accompanied by pul-
monary changes of a priewmoconiotic nature.

The concept of a nickel etiology of respiratory cancers was tested in
animals by Campbell 128}, who exposed mice to the inhalation of pow-
dered nickel matte, and observed that these animals had a lung tumor in-
cidence significantly higher than that of the unexposed control mice. The
recent experiments of Hueper (85 seem to demonstrate more conclu-
sively the carcinogenic propertie~ of metallic nickel. \When pure metallic
nickel powder was implanted into the femoral and pleural cavities and
in the subcutanecus tissue of rats, cancers developed at the site of injec-
tion within 6 to 24 months in about 40% of the surviving rats. Among
49 tumors thus produced amonyg a total of 175 rats, 48 were sarcomas,
and 1 was a squamous cell carcinoma (Figs. 3. 4.

Whether or not nickel assumes a carcinogenic role for cancers of other
organs and following exposures by other routes is unknown. It may he
mentioned, however, that Araki and Mure (31 demonstrated by spectro-
graphic methods, nickel in human and animal cancers of various types and
sites. The nickel content ranged from 6273 mg. kg, of fresh tmor
tissue to 0.2 mg. kg.

No assessment of the degree of occupational nickel cancer hazard can he
made from the data avadable, since the number of workers at risk i< un-
known. Likewise, no dennite opimton can be expressed as to the possible
existence amd extent of respiratory cancer hazards for persons having for
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Fio 3. Osteogenic sarcoma in the thigh of a rat mjected with powdered mictallic
rickel into the femoral vein.

Fio 4 Myoblastic ~sarcom i the thigh of a vt injecrod into the femoral cavity
wth oowdered metalhe nekel
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other reasons contact with dust, finnes, and vapors contunn ey niched ar s

compotnds,
Chromium.  Chrommum as a metals alloy, or compound 1~ used

T
many purposes i incdustry, It is for this reason that a large number and
variety of workers have contact with chromium and chromiuem com-
pounds, and that even restricted groups of the general population nny
possthhv hecome exposed o these agents m the fornr of dasto vapor fames,
nnst, liqud, and solid 2230 Workers most likelv 10 be exposed to chro-
miunt and it compounds are acetvlene workers, anilme workers, hleachers,
blueprinters, chrome workers, chromumn platers, chromate manufacturers,
chromite mmers, cravon makers, dve workers, electropluters, enamel
workers, glass and pottery frosters, glass colorers, pottery glazers, artificial
flower makers, battery makers, linoleum workers, paint makers. mk mak-
ers, painters, photograplic workers, photoengravers. polishers, printers,
rubber workers. steel workers, tannery workers, vulcanizers. waterproofers
of textiles and paper. welders, users of chromate anurust agents {loco-
motive attendants and engineers . bitumen and oil refinery workers, plus-
tic manufacturers, vegetable o1l processers.

The observation of apparently occupation connected cancers of the res-
piratory organs, especialiv the lung, has been limited so far to two types
of operations, the production of chromates from chronute ore and the
manufacture of certain  chromiwm pigments  (zine  chromate, harium
chiromate, lead chromate . In these operations hoth water soluble and
insoluble chrominm compaounds are inhaled by the exposed workers. The
chemical nature of the actual carcinogenic agent which 13 responsible for
the excessive hability of chromate and chromium color workers to cancer
of the hung 1s sull controversial.  Although all mvestigators believe that
some chromium compound or compounds are causally involved, it has
remained uncertain whether the compounds suspected are hexavalent or
trivalent. water soluble or insoluble, monochromates. or  dichromates.
Water soluble chromium compounds (monochromates. dichromates, and
ame chiromate) are most oiten ineriminated. Mancuso and Hueper 1119
recently pointed out that st may be more hikely that carcmogenic effects ar
elicited by chromium compounds which are either not soluble m water
or only shightlv so, hecause such chemicals when inhaled as dust would
be retamed and deposited n the Tung and thus exert a prolonged effect
upon the pulmonary tissues. Such chromium compounds present in a
chromate plant would Le represented by chronnte ore and its carly con-
version products precedirg  the formation of monochromates  These
little water soluble trivalent chromimn compounds ocenr o the mate rial
present in nuxers and roasters, and are contained in the Sag which vl
is stored for future use in the sard arca of the plants
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Ftas deniitely surprising that an excessive lalaitne o ung cancer b«
Been established <o fur ondy for cliionade workers 1 rcmmany and 1
United States (11, 39 920 1o, 1100 and i1 chrome Toonent aworkees
m Germany (90 10, 630 104, 130, Didatrap (19 found sgle vase of
lung cancer upon N-ray examination of the chest of 321 chromate -
facturers employed for more than 10 vears in Engheh piants while no datn
exist om this point in regard to chromate producing or o sty planis
in other countries, such as Switzerland, Talv, and France

Apart from the excessne frequency of Tung cancers aome chromat
workers which according to American observations range from 13--31
tmes the normal, an occupational origin of these cancers e strongh
suggested by the shift of the age distribution woward Nounger age }\’rnil(]v;
This i~ particularly striking for the lung cancers present wnieng German
chrome pigment workers, since 3077 of the cancer~ affected mdividuals
before the age of 40 years when lung cancers of unkmew n cuology are
relatively infrequent. -

With the exception of two cases Jone cancer of the nares 13341 one
cancer of the maxillary sinus (60,7, the lung was the - clusive <ite o
respiratory cancers observed among chromate workers, The total number
of these cancers is at present around 140 cases from all <ources, None
has heen reported as originating from nasal septum uleer~  Fig, 3

Chromium preunioconmosis  scems to accompany the r*(\(]n])nn nt o1

cancer of the lung in chromate and chrome pigment manufacturers [t
15 uncertam, however, whether the pneumoconiotic plad~ an e-sential or
modifying role in the specific cancerization process or whether it is merelv

a phenomenon of coincdental coexistence (Fig. 6,

While the attempts of Gross and Noclch (63, (m(l Caaphell 1280 1,
produce lung cancer m mice by their exposure to chromate fllml WOre 1y
saceessful, Schinz (1535 and Vollmann (177, who mpletted pow dered
chromim metal mito the fanora ¢ avity of rabbits, absersved, after o
than 3 vears, one animal with cancer of the g and one with Goeer o7
the femur Tnoa sories of prlot experinents recently cor ucted, s,
pigs, rats and mice were exposed to the inhalation of chronite ore dus
at a concentration of 135y, Titer of air for 56 hours dav, 4 davs Awedds,
tor a total of 18 months, 3 of the 6 Wistar rats showed 1inors i’mvvl\i' o
respiratory organs. One rat had @ squanous coll enrerr o e 7
originating in the paranasal <imises and invadime and Ciedor :m'y,;» 1h
evehadl, two additdonsd rars showed, ar QULGESL L Sarcoste - :ru\uh\\
volving the mediastinal Tvoph node s and ]HH’;'\ Theve o~ Ll
prgment within the thickened mter <tnad teane | e lows T othree oo

v .- ol M. i -
prgs revealed on histologic exanunatuon o el TG iiaon of
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brouchiolar epithchum which often vecluded the bronchiolar himina by
the formation of cellular plugs consisting of oval and spindle shape:,
hyperchromatic epithelial cells. These cellular masses extended in places
mto the adjacent alveolar humens forming polyps, coatings or <olid casts.
These changes were widely distributed in the lungs which <howed, more-
over, a scattering of dark brown to black amorphous pigment located
especially in the subpleural zone, and within a fibrous and thickened inter-
sutial tssue (Fig, R,

Arsenic. Arsenicals represeni a by-product, or waste product of the
smelting of many ores (copper. zine, silver, cobalt. antinony, iron, his-
muth, nickel, tin, and lead:. Arsenicals are present in the smelter funes
and slag heaps. They are exten~ively produced and used. espectally during
past decades, as insecticides, fungicides, and vermicides t sheep and cattle
dip, grasshopper bait, rat poisen) as well as a herbicide, especially for
clearing railroad rights of wav. Arsenicals are applied as spravs to or-
chards and vineyards. and are dusted from airplanes upon cotton, corn,
soybean, and potato fields. Thev are emploved as wood preservatives, in
the manufacture of glass. lead-hase alloys, dvestuffs, bronzing, and paint
pigments, and medicinal and cosmetic preparations.

\While the causal role which arsenic plays in the production of cancers
of the skin on the basis of chronic arsenicism of occupational. medicinal.
or environmental origin has lonz since been firmly established, it is of
rather recent date that exposure to arsenicals has sertously been con-
sidered as a principal causal agent of cancers of the nicous membranes,
such as those of the bronchi, stomach, and bladder. Tndeed. today there
exists as vet only highly suggestive but not conclusive evidence linking
cancer of the lung with an occupational exposure to arsenical dust, How-
ever, in almost all cases of lung cancer for which such claims were made,
there existed stigmata of chronic arsenicism in the form of arsenic derma-
tosis, with or without skin cancers. Since the inhalation of arsenical dust
and fumes produces, rather frequently, the development of perforated
nasal septa, as well as chronic irritative conditions of the bronchi, thereby
creating a symptomatic cancerigenic pattern similar to that seen in chrom-
ate workers, the existence of a causal relationship between cancer of the
tlung and chronic arsenicism appears under such circumstances to be a

“reasonable conclusion. Chest and <-rav examination. f 10 workers -
ployed in an arsenic smelter revealed a mild degree of pneumaoconiosis
(132).

Although Saupe himzelf did not discover any evidence of lung cancer

among the workers studied—-¢ven though they often were afflicted by

hyperkeratoses of the sk and perforated nasal septa - he cited the antopsy
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observations previoushy made by Schmorl (134 on two arsenic smelter
workers who divd with cancer of the lung (1704, Four additional cases
of hung cancer 1n =heep dip workers with arsenic dermatosis noted in une
of these were reported by Merewether (123), while Hopkins and Van
Studdiford (79 observed in a farmer living near a cotton field spraved
with insecticides. arsenical dermatosis, epitheliomas. and cancer of the
lung. The occurrence of 5 cases of hing cancer (79. 123), among only
24 individuals <uffering from occupational arsenical dermatosis and -
theliomas caused Neubauer (132; to wonder whether this is miere co-
incidence, hecause only two cases of lung cancer were observed among 143
cases of medicmal arsenic cancers of the skin (150), or under occupational
conditions, whether the irritation of the respiratory tract by arscnical dust
was responsible for the phenonmenon.

Henry (72). commenting on the occurrence of skin cancers among
sheep dip workers (1910-1923), recorded the occurrence of two additional
cases of lung cancers among ten workers of this group having cutaneous
cancers. He mentioned, moreonver, the presence of cancers of the left
foot, abdominal wall, and lung in a furnace man of a sodium arsenite
factory. Analyzing the mortalitv experience of a sheep dip factory, Hill
and Faning (74, found that 7, or 31.8% . of the 22 cancers causing death
among members of this group were located in the respiratory organs, while
3, or 13.0%, were situated in the skin. There were during the period
1910-1943 a total of 75 deaths from all causcs. The proportional excess
of cancer deaths was mainly attributable to an excessive frequency of
cancers of the lung and skin which were confined to workers in the
chemical processes and were absent among members of the general group
who would be unlikely to be exposed to any specific hazard. Perry,
Bowler, Buckell, Druett, and Schilling (137) concluded from the clinical
evidence obtained that after many years of exposure to arsenicals these
sheep dip workers may develop a squamous cell carcinoma in the bronchus.

The most recent addition to epidemiologic investigations on arsenic
cancer was made by Snegireff and Lombard (161) studying cancer deaths
among emplovees of several metallurgical plants of unidentified type. Of
the total of 109 deaths from all causes recorded during the last 25 vears,
stwelve were due to cancer of all sites and of these, six were Jocated in the
~lung. The investigators concluded from this evidence that “there are in-
dications that biolegically the human race made the adjustment to arsenic
in the environment and that only rarely, when associated with other con-
tributing endogencus factors such as systemic disease, or possibly factors
such as radiation, it may be capable of upsetting the hiological equilib-
rium:” and further “that the handling of arsenic trioxide in the industry

‘n
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does not produce a signiicant change i the cancer noaabny of the plant
employees: hence other factors m addition 10 artsenic must he considered
significant in the causal relationship to cancer 7 i view of the fac
that 50% of all cancer deaths among cmployees of one plant <srvesed
were caused by cancer of the lung. the observations e in fact confirm
a carcinogenic action of inhaled arsenic triosic. upon the tssues of the
lung of the exposed workers, Thie nterpretation of the data of Snegirety
and Lombard is <upported by the high incidence of lung cancer :1;11():1"
the popualation of several countics in Montana where copper smelters :111;\1
mines were operated for many vears creating an occupational and environ-
mental pollution of the atmosphere and soil with ar<enjcals, Prolonged
inhalation of arscmeal dust and fumes appears w procduce an incrn-nicd
liability to cancer of the tung.

However, the existence of <uch connections  ~hould b acknowledged
only when there existed at somne time. clinical and if passible, histo- (:Ul(]
biochemical evidence of chronic arsenicism. In view of the absence of
any such evidence associated with chronic arsenicism among the nickel
refinery workers affected by cancers of the nasal cavity. p:ir:u‘m\d] [mnuses
and lung, among excessive tobacco smokers with cancc-'r of the larvny and
lung, 1t is most unlikely that exposure to arsenic (et fumes. and VAPOTS
plays any role in the production of Tespiratary cancers in members of these
population groups.

Beryllium.  Bervllium is a metal which has found signficant industrial
use f)nl_\' since about 1920. It was not until about 1940 that bervllium
and its compounds were extensively emploved for numerons purpmf'-: and
products ( beryHium-copper ; berviium-aluminum,  and beryHium-nickel
alloys: glass: phosphors in fluorescent lamps and neon n—:!)c\; atonnc
energy products: ceramics, refractories ; x-ray tube windows: vitreous
enamel: racdho tubes: textile fibres: gas mantles .

H‘ard_\' (O n:)t(‘d a> a4 conservative estimate that there oo urr d up
to September 1951 between  300—100 cases of acute hery lum poi~onng
and at least 200 cases of the chronje variety in the [ nited States w hi('g
resulted in the fluorescent lamp industry in a mortality of about 25¢;
among the il workers, It i< remarkable, morcover. that chmnic beryviliosis
has ap]fcar(:d not only among exposed  worker, hut alwo :mmn,;; per -
~ons hving in the neighhorhood of fluorescent lamp factories and iuhalinge
their beryvllium effluents 149, 50, )

It 15 noteworthy that bery Hiwm apparently once inhaded §s retained
over a long period of time m the human bodv, ance Lery i, was de-
tected m the urme up o ten VTS afler Cesstion of Cnposnte 197 and

has bee . ot . ; 1
as veen demonstrated m the hungs of rats one vear after the mhalation



216 W. oo HULPER

their bones (130 1631 where it may

of bervilium oxide (40} as well u: th
Experiments of Alkdridge, Barnes, and Denz (23, more-

with certain tissue

as

H
replace caleiun.
over, have shown that berviinus 1ons react rapidly
proteins and form complexes with plasima proteins when introduced into
the Blood. These complexes protect the berylium from being precipitated
by phasphate ions.

Gardner (375 in 1940 reported the production of osteogenic ~arcomas
in rabbits injected intravenously with insoluble berylium containing
powders  (beryllinm phospbate. zine bervilium silicate).  Other investi-
gators subsequenty confinmed these results with the same and other beryli-
ium componnds herylhum oxide, bervilium silicate, metallic bervllium)
miroduced into rabbits by the imtravenous or respiratory routes (160,
14, 76, 129, 75, 47, 131, The preparatory period for the sarcoma was
from 1124 months. Commmenting on the successful production of os-
teogenic sarcomas in rabbits after inhalation of bervllium oxide, Dutra,
Largent, and Roth (47) noted the fuct also that the bones of persons
dying with berylliosis contained net inconsiderable amounts of bervliium.
Barnard (12 and Dutra of ¢l «47) suggested that osteogenic sarcoma
from compounds of beryllium “might possibly be another industrial
hazard.”

In 1948, Hucper (&7 proposed that the sarcoid pulmonary manifesta-
tions of berylliosis might be frlloved by outright malignant lesions in the
lungs. The recemly reported successful praduction of bronchogenic car-
cinomas in the lungs of rats which inhaled over periods of more than one
year, dust of soluble and insoluble bervilium compounds (178) makes the
appearance of such delayed malignint sequelae in man a distinet possibility.

Comments on Respiratory Mewal Cancers. The evidence presented
demonstrates that some metals and metal compounds when inhaled as
dusts. fumes, mists, or vapors are capable of producing cancers in various
parts of the resprratory tract. Preumoconiotic changes precede and ac-
company such developments when chromium compounds are inhaled. while
stich lesions have not been reported following the inhalation of nickel com-
pounds and are apparenthy of minor nature after the inhalation of ar-
'scmc s, Although the respiraiory introduction of bervllium compounds
~“leads in animals to the development of progressive granulomatous pnen-
moconiotic alterations which may become complicated in rats by bronchio-
genic carcinomatous manifestations. no such malignant sequelae has heen
reported as set in human heryvilinss.

Whether or not respirators metal cancers may develop after the inhala-
tion of other metals represent= o problem deserving sertous consideration
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expectaily where snch metals are widely used or I ¢artmned nngor

mdustrial importance onlyv morecom venrs

Ritvion or IXsvon o Siricas sy CARBON 1Oy yies o
Resvivaiory Canerr

The ~econd group of respiratory carcinogens is composed of chemieal

agents o1 radher diverse composition, Ian sharing the Characteristic th
they mayv form or oceur as polvimers The principal evdence suggesting
the existence of = polviner cancers”™ has come from expoimentad obseryi-
tion~. The o far known or stuspected carcinogenic polvine s are either
pobrmerized carbon compounds or silicon compounes,

Cancers of the respiratory tract in mian ~cem to he cat=ally related 10
hoth varicdies of polvmer Carcinngens .

Lsopropyl Oil Through the recent discovery of cancers of the para-
nasal sinuses, larynx. and luy @ among 1sopropanol manufacturer-. the oc-
currence of carbon-polvmer cancers has probably been extended 1o man.
Izcpropad oil, fe.. the crude liquid from which isopropy aleohol is distilled,
and which 15 a Slightdy turbid, viscous liquid, turning. upon standing,
slowly into a brownish to blackish tarry material. contams polypropy lene
compounds as well as propvlene ether which may be oxidized into prop -
lene peroxide and propvlene epoxide having a tendency 1;{‘»]\'111(-1‘1‘7_—c.
Polvpropyvlene, merchandised as Opponol K. is used comme sally as
wil Jor cable filling. v et commeraall o

Workers emploved i 1 isopropanol manufacture have heen exposed to
the inhalation of vapors, st and dust of 1sopropyl ol escaping from
leaky pipe conncetions, defective pumps. and gaskets, or spilled ’rm the
foor at the occurrence of hreaks in pipelines and during repairs on papes,
pumps. and sulls Weil, Smivth, and Nale (183 reported that hecween
1?'2'\' anrd 1950, o wotal of seven neoplasms affecting variou- parts of the res-
piratory tract [nasal sinuses  (four, larynx (vwor, and lune Cone |
canie 1o observation among 71 employees or in 8477 whe worked more
than me vears in the isopropanol plant (Irg. 90 Since the occurrence
of an excessive number of respiratory cancers amiong Isopropancl mn-
facturers has not heen Hmited to one particular plant, it can be concluded
that isopropyl oil, and thus possiblv polvpropylene compounds. reproscu
a human carcinogen, ‘

Ashestosise Adhestos differs from the ordmary giant nvlecuinr ery s
talime silicates, not only in its chemical aned phyical properties, b ala

o the anatomical aspects of the preamoconiosts produced by ot Iy (o

TS T . -
trast o the tndimensional polvimcrred when erap e in o Lol soen
R

alcans are e Calrymer L‘h:n'grx Lo attracet Postive 1ons, ashestos conegat s
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of giant fibrous malecuies composed of polvmenized silico-onvgen tetra-
hydra which are arranged i chams or bands. Canada furnishes about
/5% of the woild production of ashestos. Canadian ashestos, hecause of
its long fibers, 15 especially switable for textiles.

The co-existence of asbestos with cancer of the lung was first reported
by Lynch and Smuth (1130 in 1935 (one caser. who recorded later three
additional cases « 114, 115). Similar observations have subsequently been
recotded from the Umited States (77, 78, Y3, 166 : Canada {30, 38, 149, ;
England (36, 39, (9, 124 : Germany (9, 20, 21, 81, 106. 134, 184). To
this number must perhaps be added the cight cases of cancer of the lung
complicated by ashestosis which Kennaway and Kennawav (96) dis-
covered in an amlysis of the death certificates of males registered between
1921 and 1938, and the series recorded by Wyers (188).

There were 37 males and 15 females among the 52 cases for which
information on sex was available. The male: female ratio is thus 2.5:1,
which represents a marked shift toward the female side when compared
with the usual sex ratio of 3:1 to 10:1 for lung cancers of unknown
etiology. Equalization of carcinogenic exposure as represented by as-
bestosis, for the two sexes, thus resulted in a trend toward equalization
of liability to lung cancer.

Additional support for a causal relation between ashestosis and cancer
of the lung is derived from the fact that Merewether (124) found among
2066 cases of asbestosis observed from 19241946, 31 cases of co-existing
gancer of the lung (13.29 ), while there were 91 cases of lung cancer with
an average age of 594 vears among 6,884 cases of silicosis {1.329),
which came to autopsy. Wedler (132) noted that ashestosis cancer of
the lung occurred in 14 cases or 165 of 92 cases of ashestosis on which
necropsies were performed, whereas the normal rate of lung cancer in
autopsy material was estimated to be 2-6%. (Table XVIII-41a).

The histologic types of lung cancers observed do not essentially deviate
in their relative frequency from those seen in cancers of unknown etiology.
There were 22 squamous carcinomas (Fig. 101, 7 vat cell carcinomas, -4
anaplastic carcinamas, and 6 adenocarcinomas.

The evidence on hand has convinced the West German Government
to make ashestosis cancer of the lung a compensable disease (169).

Comments on Respiratory Polymer Cancers. \While the fundamental
concept of “polvimer cancers” is a tentative one and necds to be supported
by additional evidence, the available data are sufhciently important to
require serious attention from both a scientific and practical viewpoint.
The rapidly expanding industrial production and industrial and general
use of nitural qodd svnthetic polvmerized substances in plastics, filne,
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Taste XV Causes of Death laong Vale  {ebestos Hericrs Compared o
the Mertaluy Fapericwee of i 3ien o Focland vid 1 viege

Test of significance
T ) .
Nooaf DPreaths of difference

a1

E }mf{&i T hemw cen obseryved
No on K oand W and expected
Cause of death ohseryved rates tNalae of Py
Lung cancer® 11 08 < (0000001
Other respiratory diseases (mcluded pul-
monary tuberculosis) and cardiovascular
diseases :
\\fth mentxon.ol aibeStmxs ) 14 — ~ 0.001
without mention of asbestosis 6 7.6 §
Neoplasms, other than lung cancer 4 2.3 '_ ~ 01
All other diseasese 4 47 =~
All causes 39 15.4 < 1.000001
“R. Doll

"Including one case with pulmonary tuberculosis

‘Including two cases (benign stricture of esophagus and septicemna)  in which
asbestosis was present, but was not thought to have heen a contributory cause of
death

rubbers. textiles. svnthetic plasma expanders, etc., brings a considerable
part of the working population in direct contact with chemicals of this
type. It seems to be advisable, therefore, to study these population groups
during the coming decades for the occurrence of cancers, particularly those

affecting the respiratory system.

RELATION oF INHALATION OF CoMBUSTION AND DISTILLATION Probuers
oF Coar. axp PLTROLEUM T0 REsSPIRATORY CaNCER

The third major group of recognized, suspected, or potential occupa-
tional respiratory carcinogens is composed of substances containing
specific carcinogenic aromatic hydrocarbons, and heing derived from the
incomplete combustion, distillation, catalytic cracking and hyvdrogenation
of coal, petroleum, shale, natural gas, and similar carbonaceous matter.
The carcinogenic hvdrocarbons are especially contained in the higher
boiling fractions of coal tar, pitch, creosote oil, anthracene oil. soot, carbon
hlick, fuel oils, lubricating oils, and crude parathn oils The inhalation
of dusts and nusts of these materials results in their partial retention in
the lung and in the production of anthracosis, hitumino<is, or cliionic ojl
pnenmonia

Combistion and Distidlation  Products of Coad The apparent in-
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nocuousness of coal ond possibly graphite dust as resprratory carcinogens,
is not shared T the incomplete combustion distillation and hydrogenation
products of conl prich, tars soot, creosote oils, anthracene oils, tar oils,
and the highly ~iscous oilv and arry fractions obtamed by the direct
hydrogenation of coal emploved by the Bergius proces<1. Recent abserva-
tions made among generator gas oven workers in Japan, Canada and
Fngland (35, <1 93 90, inddicate that an exposure to coal tar fumes
produces an excessve hability to Jung cancer. The Japanese investigators
found within a c-vear period, 21 cases of Jung cancer among generator
oven workers, who were exposaeid to the inhalation of hot tar fumes when
stoking the coal. An excessive lunyg cancer rate wus absent among workers
employed in other parts of the steel mills. The general incidence of lung
cancer among the generator gas workers was 5/1,000 workers emploved.
Seven of these 21 lung cancers oceurred in workers 40 vears or vounger
(337, against 137/, in cryprogenetic lung cancer~ ) The exposure tnme
varied from 9 vears to 23 years. the average being 16.6 vears. Similar
observations were recently made among Canadian gashouse workers. Of
14 cases of cancer wnong retort house workers, six were due to cancer
of the lung, oue to cancer of the larvnx and one to cancer of the cthmoird

sinuses (5747 cancers of the upper and lower respiratory tract .

It 1= likely that similar lung cancer incidence rates may exist among
American tar workers. TFollowmg a visit with a tar distillery where,
among the 300 workers during an &-vear period, some 25 skin cancers
and more than &0 pitch warts had been abserved, there was found one
case of lung cancer. Subsequent inquiries made by company officials
brought the number of lung cancers in this and other tar operations to
6 cases of cancer of the lung. Similar exposures exist for the carbon
electrode workers in aluminum production plants, where workers have
developed cancers of the skin as the result of contacts with petroleum
“carbon” tar fumes.

From the evidence available, it appears that the inhalation of tar fumes
sustained by workers of certain operations (coke ovens. generator £as
plants, gas plants, tar distilleries+ seem to have an excessive lability to
,cancer of the respiratory tract. 1t is not unlikely that a more thorough
fand competent amalysis of the death records of other worker groups,
which have w0 far been found to lack sudi temdendios, might extend the
tapes and number of tar and pitch workers having an abnormally high
respiratory cancer rate,

Petroleum and Shale Oil. In addition to <kin contact with carcinngenic
peuoleum derivatives niany worners are also exposed  for occupational
reasons 1o an inhalation of oil mist or fumes Cworkers in paratin pnessing
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operations, certain groups of ol refinery worhers, sponners, metal Lathe
workers, foundry workers, mcallurgical workers, owinters, ete L In
spite of this established occupavonal resnirazory exposnre to petroleuns
and shale otlsoat was only recently that teo o three cases of occupational
ol preumonta ameng such workers were taced on pecord, althoneh
such conditions have rather frequentdy been observed after ropeated
medicinal mstillations of mineral oil containi ¢ nasal drops (ol asprration
puetmonitis, or parafiinena of the lung Prooact, Tno cases of canicer
of the lung apparently developing on the hasis of a mcdicinal niineral o
pucumonia have been described (131, 1IR3,

The occupational evidence available or published on this aspecet is rather
scanty and in part controversial. Kennaway and Kennaway (96) found
a relatively high ratio of laryngeal, but not of pulmonary cancer in mule
spinners, who inhale a spray of carcinngenic shale oil lubricating the
spindles. Southam (167) noted that mule spinners occasionally develop
multiple primary cancers involving the stomach or the lung in addition
to cancers of the skin. Scott (157), on the other hand. stated that he
had not observed a single case of lung cancer among <hale oil workers,

Huguenin, Fauvet, and Bourdin (91 who analvzed a series of 112
lung cancers for possible ctiologic factors, found that 18 or 169 were
metallurgical workers exposed to the inhalation of nebulized hubricaung
and cutting oils, eight were chauffeurs, five mechanics. and one was an
engineer. Theyv concluded that their observations indicated an excessively
high frequency of lung cancer among workers exposed to vaporized or
nebulized lubricating oil. While the study of Gafafer and Sitgreaves (36)
on cancer morbidity and mortality among the male emplovees of an ol
refining company did not reveal any almormal Bability of the members of
the occupational group to cancer of the lung, this judgment may have 1o
be revised at least for certain types of refnery workers according to more
recent and scrutinizing observations. Reoesch (145) obhserved three pri-
mary cancers (shin stomach, and Tungy in 2 paraffin worker. Touraine
and Bour (1710 alvo atributed the development of pulmonary cancer
among certain worker groups to lubricating il mi~t~.  Such exposure
conditions may account also for the excessive jung cancer martality among
male metal grinders observed hy Turner and Grace (174,

In one large American oil refinery, the employees of the parafin prees-
ing operation showed not only a highly eveessive incidence of serotal
cancer and furnished 43877 of all cancers recorded zonong all workers,
but also 3000 of all Tung cancers, although ~hey reprosented about 1277
of the totad waorker population.

SICe o1l S0ont das 00 wastle Oor commers ol rroduct brs heen found 10 Te
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carcinogente and to contmn known carcinogenic hydrocarbons, a thorough
and competent aurvey of occupational groups particularly exposed 1o the
inhalation of soot (operating railroad personnel, stokers. carbon black
manufacturers, rubber, paint and ink makers, painters, soot burners, print-
ers, diesel engime drivers, electrode manufacturers, smudge pot operators,
phonographic record makers) is an urgent necessity.

Comments on Respiratory _\romatic Hydrocarbons. A\t the present
time. exposure to tar, pitch. asphalt. heavy fuel oils, lubricating and cutting
vils, soot from domestic furnaces, incinerators, industrial power plants. oil
refineries, steel plants, metal smelters, carbon black factories, oil dumps,
and smudge pots, as well as to the effluents of diesel and gasoline engines
represents the most widespread occupational and environmental contact
with carcinogenic material.

Since our civilization and economical life has been built around the
production and use of the basic carbonaccous substances and their deriva-
tives, it does not seem feasible to attain complete protection against ex-
posure to these carcinogenic chemicals with the preventive and prophylactic
engineering and sanitary measures practical and economical at the present
time. There is, however, no doubt that a great deal remains to he done
in this respect and that we are still rather far removed from having the
maximal amount of possible reduction in exposure to the respiratory
cancer producing hydrocarbons contained in the various carbonaceous
substances mentioned.

RELATION OF INHALATION OF RADIOACTIVE AGENTS ToO RESPIRATORY
CAXNCER

Up to some ten years ago, occupational exposure to radioactive agents
was limited to relatively small groups of industrial and professional work-
ers [miners and refiners of radioactive ores. industrial and medical con-
sumers of radioactive substances (gas mantle manufacturers, luminous dial
painters, radio tube makers, physicists and their assistants. radiologists
and their assistants)]. Since the advent of successful atomic fission and
the ready production of synthetic radioactive substances, the number and
variety of individuals who have occupational contact with radioactive
:mattcr have rapidly and greatly increased Juranium and thorium ore
miners, smelters and refinery workers, atomic energy plant emplovees,
military personnel, agricultural, biologic, medical, chemical metallurgic,
oil, pharmaceutical, and other industrial research workers emploving radio-
active isotopes, as well as operators handling directly or indirectly such
materials or technical devices giving off ionizing radiation ( radioactve
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static elinimators 1. sewage distesal workers, papers and  texule manu-
facturers, et |

The "mala metallorum™ cansive doath at an cariy age of the nuners 1
the ore mountains of Saxony was first deseribed by Agricola 14 during
the carly part of the sixteenth century, and was subsequently mentioned
by other investigators. However, it was not until 1279 that its malignant

neoplastic character was correctly recognized (60 (Ifig 11y, This Judy-
ment was subsequently confirmed (6. 8210, 1R, 23, 23, 40, OR. 103, 105,
131, 143, 148, 154, 170, 175, 191, Although the miners of the uranium

ore mines in Joachimsthal « Czechoslovakia) also were suffering from a
fatal Tung disease similar to that observed among the cobalt ore mmers in
Schneeberg, Saxony, it was not until 1926 that the cancerous nature of
the pulmonary disease among these miners wae recognized (111, Addi-
tional confirming evidence was provided later by Beutel (174 Ziel (189
Sikl (15899 : Saupe (132); Deller (136 ¢ Pirchan and Sikl (133 : Baader
(10); Behounek and TFort (16,

Evidence supporting a radioactive origin of the lung cancers among
these two groups of miners was provided by the observation of lung
cancers among employees of radium refineries and radium laboratories.
Lowy (1111 reported the occurrence of two such cases among the workers
employed in the laboratories of the Joachimsthal mines. where the ores
are refined and the purified material is tested. One of the cases had
chronic radiodermatitis, leukemia. and lung cancer. .\ similar observation
was recorded by Teleky (170) and Neitzel (131 in a German technician
of a radium laboratory. The cancerous lung was found to be radicactive.
Four cases of lung cancer have recently been ahserved, according to
Baader (10), among the workers emploved 1 the radium ore processing
plant in Belgium, where the occurrence of such complications were pre-
viously said to be absent (117). Perhaps the development of « bilateral
alveolar carcinoma of the lung in a woman 16 vears after the mtravenous
injection of 75 co. of thorotrast may also supply suggestive evidence by
the medicinal use of radioactive material arrested in the lung. Mention
may also be made in this connection of a report relating the occurrence
of carcinomas of the paranasal sinuses in three luminous dial painters.
The dial painters not only ingested radioactive material which hecame
deposited 1n the bones and produced there the development of nsteogenic
sarcomas. but they also inhaled this matter (7).

The attack rate of lung cancer among the Schneeberg miners has con-
sistently heen between 75 and 807, <ince 1879, while that of the Joachima-
thal miners has been stated 1o range from 40 507, although thisc m-
cidence rate may be too low considering the recent statement of Beooler
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(10) who nuted that durimy the perrod 1939 1943 4 torad of 180 cises of
lung cancer were acknow ledeed s compensable aecupational diseases aml
that in 1929 there were onlv 323 miners emplosod ar Joachimsthal, Con-
sidering the fact that the expwsnre and latem pertod of lung cancer in
Joachimsthal miners ranges from 13-23 vears, it may justy be assumed
that these lung cancer case~ originated in a miner population of approxi-
mately 300400 members working at these mines hetween 1920 and 1930,
The exposure and latert poriod o Schineeharg ds stated w0 vary from
15-18 years ior the majority of the cases. hut 1o be occasionally as short
as seven years (10, 142,.

Measurements of the radinactivite of the Schieeberg and Joachimsthal
mines have demonsirated that i both places. mine air and dust have an
excessive degree of radivactivin surpassing many times the mavimal
tolerance dose [Joachimsthal 30 times (15, 16. 103, 112, 136, 141, 163,
172)]. Similar, if not even more serious exposure conditions exist in
most of the minves sitnated on the Colorado Plateau where uranium ore
miners inhale nat only radon, hut its solid daughter clements and everete
polonium in the urine (31. 163,

Kahlau and Rajewski (94, and Schraub and Kahlau (1551 subjected
mice to the inhalation of racd m. Many of the animals developed bronchial
lesions characterized by an aiypical epithelial lining as well as pulmonary
adenomas (in 7 of 12 mice of the test ~cries, against one in the control
series ). \Vhile they concluded from this evidence that the radioactive
origin of lung cancers in Schneebery and Joachimsthal miners was con-
firmed. it seems to be advisable to consider the evidence obtained by these
investigators as highly suggestive hut not conclusive hecause great varia-
tions in the incidence rate of lung tumors occur among different groups of
mice belonging to nommnbred strains.

Simidlar observations have heen reported by forenz, Heston, Tischen-
brenner, and Deringer (110, as well as by Henshaw, Riley, and Staple-
ton (73). These investicators found that mice exposed to {onizing whaole
body radiation revealed m addition to leukemia and ovarian tmnrs an
increase in the number of pulmonary neoplasms. Of greater significance
in this conneetion are the findings of Tiseo and Finhel (1071, who found
mn rats inhaling an acrosol of radioactive cerium, metaplastic, and neo-
plastic proliferations of the hronchial epithelinm  Similar resnle were ob
tained with plutonium brought into the lungs of rats. Since uranium ore
miners inhale not only radon and radium dust. but also uranitm which
may be retained in the lungs, Hueper, Zuefle, Link, and Johnson (89,
injected metalhe uraniom pow der dispersed in lanolin into the pleural
and fenioral cavities of rats and obtained sarcomas at the sites of injec-
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tion i 13 or 24 of the O rats used (Frgsc 120 13, 14, Eavidence thus
produced shows that focal wecumulations of uramam which 1s an alpha-
radiation emitter mayv exert a cancerigemic action upon the surronnding
tissues, but it does not discriminate between the influence of metal toxicity
per s and radicactivity in the genesis of these lesions.

From a critical evaluation of the epidemiologic, clinical, and exjeri-
mental evidence available, it appears that a prolonged inhalation of radia-
active gases and or dust may elidcit in man pulmonary cancers (52, 120,
In commenting on the production of lung cancer by atmospheric car-
cnogens, an editorial { Lencer, 1052 (+%) remarked. “radioactivity of
Joachimsthal mines is stated to he thirty times the tolerance dose. Tt is
scarcely surprising, therefore. that in the past more than half the miners
died of lung cancer.” It stands to rcason that this effect on the lungs
of workers will prevail wherever similar conditions of exposure to radio-
active gases and dust exist.

Comments on Respiratory Radioactive Cancer. The rapidly growing
production and use of radioactive material, and, thereby, conditioned
increased potentiality of inhalation of radioactive gases and dust for certain
occupational groups and possibly. also, for parts of the general population
determine the scope and significance of respiratory cancer hazards which
may result from such exposures. Since the attack rate of lung cancer
from this source is very high, according to past experience with miners
of radioactive ores, a competent assessment of the degree of exposure to
radioactive dust, mist, and gases by worker groups and neighhorhood
population is essential wherever radioactive material is produced or
handled. The available information supports the view that the simul-
taneous inhalation of siliceous dust, causing the development of a silicosis
i individuals mining or processing radioactive ores, does not represent
a condition which favors the production of lung cancers, or fundamentally
modifies their course once they have become established (86).

Summary and Conclusions. The reported evidence leaves no douht
that there exist an appreciable nuniber of well defined chemical and
physical agents which are responsible for the occurrence of cancers of the
lung and other parts of the respiratory tract among members of certain
occupational groups. The epidemiologic data available on these occupa-
tional respiratory cancers indicate that some of them possess o ohigh car-
cinogenie potency.  Since envirommnental contact with these agents alzn
exists for members of other and in part, very large occupational groups
as well as for the population in general, especially its urban component,
it can justly be assumed that <uch exposures account for an andetermined
number of respiratory cancers oecurring among them. The validine of

FNVIRONAMENTAL (1 NG o ANCER _.).37

this conviasion s supported by the statistical and cprdannologic data re-
T

fung amonyg ditferen

corded on the relative {requency of Gaicer of the
COUNtTICS, states, reglons, commiunities, vrban and ruval areas, and large
occupatenal groups. The problem of oceLpationd’ Tespiralors cancer,
therefore, is not of speculative nature but o widely recogmzed and well
established reality. which deserves serious consideration not nly In

members of the edical profession and of public hertth agencics, but

alsu Iy the representatives of industrial management and labhor  The
general evidence as to the recording of occupational cancers ns well as
the rather recent discovery of most of the Tespiratory curcinogens make
it likelv that the scope of the industry related lung cancer problem is much
larger than indicated by the number of cases as et reported and the types
of carcinogens so far recognized.  Epidenuologic data and medicad con-
siderations, moreover, do not support the view that the causation of lung
cancer and its recent phenomenal rise in frequency are attributable to the
action of one single environmental factor and jt< recent entrance into the
human environment, respectively. It seems rather that various factors
have been responsible for these developments and have contributed to
different degrees to these cvents in different population groups and at
various times. An effective future containment of the environmental res-
piratory cancer hazards depends upon the widest dissemination of the
existing data as> well as on the acquisition of additional information In
adequately conducted surveys supported by properly integrated e_\'peri’-
mental work,
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Problems Arising From a Study of Tumor Host Relations
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To refreshen your memories, and perhaps add something o clarity, T
would fike to detine and discuss ttmor-host relations for the DUrpose of
this paper. We regard tumor-host relations tor, in the older terminology,
Usystemic effects of timors™ s as those chunges produced in tissues, renote
from the tumor, i which 1o evidence of netastadic malignant ceils is
found. These eifcets may be anatomical or biochemical in nature, We
have added more recently that they should be divoreed from the effects
of inaniton and anemia,

As our knowledge of tumor-host relations increases, and some under-
standing i obtammed of the mechanism of their production, we mayv he
able to alk about primary and secondary effects. For examiple, the in-
volution of the thymus gland seems to be secondary to an increasced activ-
ity of the adrenal (9). Thus adrenal hyperactivity would be classed as 2
primary effect and the thymus involution as secondary. But it is probable
that the hyperfunctional adrenal is due to increased pituitary activity. The
adrenal then becomes secondary and the thvinus tertiary. It mav Le that
the introduction of the terms primary and secondary would be useful in
organizing the expanding body of our knowledge, hut they will be only
relative terma, to be discarded as progress is made.

The study of tunior-host relations may be classified into threc approaches
to the problem: (a, the description of different ty pes of cffects produced
by the tumor, 4 routine, but necessary catalogue; (h) attempts to under-
stand how these effects are produced in the complexities of the manunalian
organism; and (c¢) denining the prime cause of the effects, Sufficient s
now known of (a; so that more work and informatinn are necded about
(b and (¢, particularly about the latter. There s evidence to support
the concept that somie material is released into the blood stream fron, the
tumor (1, 21), or on the other hand that some component necessary for
the normal function of tissues is abstracted from the blood by the tumor
(30). No onc has produced a tyvpical tumor bearing rat by the chronie
admnistration ot a tumor estract.

ACfinal word about spectficity anyone whe works in the field is aware
that none of the effcets deseribed to date are spectfic for cancer; indeed if
this were <o the hasis for a diagnostie test for cancer would he eaabh<hed !
It is probable that the iterature on hagnostic tests for cancer s vielded
more to the tumar-host <tudies than 1o cneer diagnosis (7.
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