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e sclentifically weeeptable, any theory
stiology of Iy caneer must velliet
*halaneed, amd rompetent analysis of
s epidemiclogieal. mediend. ol ex-
cal evidenee coneermmg the tvpes il
Sgentad disteibntions of  and contaets
S known oF susperbsd esogenons agenis

Cated B respIEtary eareinogenesis for

Introduction

environmen b, necupa tional, or medieal reasonis,
[+ is anly throngh sneh seruting that signifieann
aned worthawhile information may be uhtained
as te the relative role which the varous andt-
vidual respiratory eareinogens have played awd
are plasing in the production of hing cancer,
The follow i Tnets el observations form an nin-
portant atcl integral part of suel an assessment.

General |‘:l»i(l('lll.in|u:_'ﬁi('zl| Considerations

delinite, wd progressive inerease in
Cewey of Jing caneer stacted inomost
st ennnteies aeonnd the v of the
sables 1=30, that ax, at a time wlhoen
aueking was <UL a liabit of minoe sig-
[frabist s Berblinger: Gorosze, Wahlau:
Leehintn This rise was izt clearly
W pathologists ol Centeal Earope
coerle 10207 theough o stwly of
g colleeted during the lirst twa
e 20th century and wis sabse-
calirmed and elaborated vpon by
dinvestigations from Amertea and
shomindy nsed eaneer mortadiny

s reeords felieate that this develop
b aarked vielations e e tie
“Hine caneee, in s relative degree of
4 s progression rate for different
Heantries, In Germany, for -
serease i the bueetdenee of lang
“ost ot in Saxony and Central
Shv A Tate s 1931, Fiseher re-
sl eaneer represented 113 per-
Sors e Saxnny agninst 643 pereend
Chermany s L Denmank, aecord-
et e i lange caneer (re-
o ful during the first three
il ecntaey and only beenme

Cot airk

“mm:r;uph No. 36, 1933

definite alter 1050, Stndar observations as (o
a linte appearance of this inerease weee made in
Lalv. There =till exist steiking differences in
the hing eaneer mortadiiy rdes ol diflerent
cottntrirs snml dilferent regions of the same
conntry iz, 2 I Eogland, for mstanee, 25
prereent of all vaneers s e volve the Tung:
thee correxponding figwre (or Norway s less
than & pereeal.,

Sintibar discrepancies exist for lung caneer
morbidiny rates for dilferent metrapelitan areas
in the United Stanes as well as for their relative
Another example
of the existenee of striking regional variations

rroeression rates able 4,

in hing cancer frequeney is presented by the
remarkable differences in lung eaneer mortality
rtes hetween urban-indnstrialized areas and
raral disteiets. This has been demoensteated
for England sunl Wales and for the United
States, where lung eaneer death
fouml o he consistently higher in wrban areas
than i raeal areas (ables 570 figs. 3 and 4.
Sueh observations have been made in Ohia,
New York. and Connectient (Mancuso, Melar-
lanl. aned Porterliekl: Levin, Kraus, Golidberg,
and Gerbard O and werre reported from England
and Wales by Stecks: Kennaway and Ken-
nauway: Faltous and Philipps. Stocks veported
the comparative mortality vatios for males i

Stles were

Leere
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Table L. Frequeney eates of Jang caneers in aatopsy material (*robai)

"Numbher of

Lung cancery '

Anit Period Total @ Absolute
Anthor el antopsios - earcinomas! No. o Pereent
. - of alt
i ! . cases
H |
18521900
S :
Reinhard . e i 18532-76 ’ 776 .. 2 P
Puchs__ . B b i s 12,307+ ________ b 2 P
Wolf__._ ... . . 1877-84 W172 0 .. bt B [ 3
Passler_. . _ .. e 1881294 L 9,246 870 16 1. 83 1
Wolf_... . e ceeo.o, 1885-01 { 7,228 ... ; ] W DR o
Perutz._. . . . oo 188G-9T L Ll 9 1.27 1
Marchesani o .. . 1887-96 LOG ..o .. 4 .. &
Wikuth_._. . R 11 X 1 B e ! 10 | ___C . -
Feilehenfeld . _ . . 18951900 . 5,022 ¢ all 22 43 3
Ricchelmann . . ___ ... _. . 1B95-1901 7,790 | 711 27 3.8
Sehrt ... . e . 21189921903 1, 741 | 159 3 1.88 3
Marchesani. . . B coen--, 1886-19006 I 3.337 ... [ (R, "
! 1900-1923
v p g [
Redllich . . e H00~05 1 2,002 496 | 31 6.3 59
Sevfahret____ . . _ _ . 190006 ;e 5.1 .
Karrenstein. . . . 1900-07 10, 272 1 934 ' 32 3. 42 .4
Wikwth_ ... ... . ... . 1900-18 . . o . 90 3.8
Stachelin__ ... . . _._._. . 1900-11 . _._.... ' 566 | 12 2.1 ... -
Bejach.____. . _ I, _1904-08 o _ . . 715 ¢ 20 2.7% . ... 1
Probst.___ . L T 1906~10 | 2,739 . 265 3 1. 13 A
Seyfahrt. ... - ... ... ... L 190703 . 6. 88 »
Briese ... ... ... ... ... . 18981916 12,971} 1, 287 60 4. 51 .
Bejacho__..  _____..._ .. e i 1908-13 | 0. 808 | 692 33 4.8
Bejmch ... .. .. . ... . . 1909-12 ! 5. 801 | 586 29 1. 95
Marchesani__.. . ... .. .. .. CO1906-16 R [ T P :

Lt SR .. o 1909-14 4, 816 552 15 2,7 8
Berblinger... ... ... .. ... 1910-14 2, 347 363 8 2.2 .83
Matorna___. _ ... ... _. e 1912-14 866 48 | 1 2.08 NI 3
Staehelin. .. e OIS L 1 /20 S 218 ! 11 50 ... w9
Probst_._. .. .. R 1+ R PSS - 3, 448 384 13 334 .
Sevfahrt _ __ ... SR [ 10 10 £ RN 11.23 -
Assmunn_ ..o oo 00T a91-22 5oL RV RO FPRR PN B
Materna_ ... ... ___ . ___ ...~ 1617 ! 1, 667 i 70 5 7.14 :
Breckwoldt . .. ... _____ .. _..._ 1914-19 ! 6, 0R3 | 554 21 3.7 2)
Raw___.__ _ ... . ... 1915-19 5,518 | 580 ! 27 4.8 K
Berblinger... ... _____. . _ .77 1915-19 3,280 337 10 2.9 ¢
Probst___.. ... ... ..l 191620 4, 989 ¢ 392 24 6. 12 B
Mateens. ... ... . ___ T 1918-20 I, GO9 : 94 5 5. 31 D
Wikulh____._ .. . ... e AON2-23 Y. ! 146 5. 8 &
Marchesani____ .. _ .. __ . . 191622 3,336 .. __ 10 ... . . .. 2 N
Stachelin._ .. __ .. . __ e 1905-23 V.o ... 755 38 4.9 G
Tawbarseh . . . _ . _._ Coo1920-21 L. 8, 301 458 5.4 g K
Sevfahrt_. .0 .. COUO19-23 | 8.75 W
Berblinger____ ... . _____._ .77 1920-24 2,429 287 24 83 &
Materna.__... _._._.  _ _ ... 1921-23 | 1, 049 75 G 8.0 :
Breckwoldt. .. _______.____._ 7" 1920-25 6, 359 802 26 2.7 h

robst. . ... ... ____.. ceeaa 1921-25 3, 697 502 36 7.17 K
Stachelin. ... . . _. .. . .77 1924 T49 | ... 5 4.9 K
— ) /)
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;Mﬁ_;g with deviations from the  avernge mortality ratios for hing cancer moriality of

m;mlli_\ rate setal 100, as follows: selecled sites among white males 2564 yoears

of age in urban and rural counties were:
e of adjaeent towns with over 2004000
"II""‘I dwellings: Meotrapolitan countios (8 ... ... ... 1229
. - Urebsn comntios (7YoL L L ol e, 8.8
London, Lt Jlaun, West Fhnm, Crovedon 156 et s 15 RO
Hirmighans, Soedneick, Walsall, W oxl Recrad coanties (7 .. O P
Bromwiell. ..o 13 The standard mortality ratio is
lapehester, Sulford. Stoc l\p«m ________ I.?ﬂ Observed deaths |
tiverpool, Bootle, Birkenhead, Wallasey.__ 162 Txpoctod doatis 7 100,
Dreds, Bradford, Talifax ... . 132 fuxpected deatts
TR geiedd. with 120,000 oceupicd dwellings . 1353 The type of county is defined, nccording to
: \ﬂt‘.hllt' and Gateshead, with 87,000 m‘(llpu-(l degree of urbanization, as follows: Metropoli-
o B daellingio o eeeniioaoll 1 tan county - containing cities with 1950 popula-
: I | l) O Lo R ] B
2t i(,f]n (ll[)\‘ s, each with 50600 Lo 85,000 s tions of 100,000 or more (9 pereent urban);
»((uplx( dwelings. B . | e . G liee il 0= .
] e of 3 tows, el with K000 1o 50,000 mi::m conlaining (.l.lllb with 1950 populations
3 eupintl dellings. . o7 00 50,000-100,000 (6.2 pereent urbun) ; riaral—
T ¥ ypesnte of 12 towns, each with 30000 10 containing comunities with 1950 populations
) w00 oceupied dwellings . . W4 below 50,000 (41.4 percent urban),
R 0 .~ -
wgreate uf 131 ‘l"“'l'l' carlt with 20000 to o Curwen, Kennaway, and Kennaway ouly
supiedd qawellings. o e e e oo . .
|0 oceu] ) recently recorded fresh evidence supporting
wengate of 29 towns, cach \\Hll less ih.m L . o . Ll
g acrupied dwellings. ... sy carlier observations.  The new evidence indi-
eated the existence of pesitive correlations
Jn Obio, for the years 1947-51 (Mancuso,  between population density in England and
MeFadane, and Portertield), the standardized  Wales and mortality from cancer of the lungs

 Yabde 2. Frequencey rates of Jung cancers in autopsy material of German pathological institutes, 1906-52 1!

| G e e e e e e SR .
: l’orcvulagci Sex
!.'. of lung i .
Author City Period Caneers i
. among all s e o Fomale
: caneers ¢ }
rm.\\’mls-___.. Frankfurt. ... _ e e 16 . oo .6 . 0. 97
Fos .. e Goettingen | oo 190612 250 oo
Mand Selioe- « Jona. . . - - R 19101 22 ... .
o Sger. ] : : !
Poees i Berlin. . . 1913-17 * ho2 L. . -
At | Dusseldorr Ll 1920-23 R S S
- we .l Bwickau._. . . . R . 1924-27 . 12.9 T
hek ..__.._; Dresden . . e o R 1924-31 .79 . B,
= ne. ... oL Gorm'm\-._. L . . 1925-33 - 3.0 - . b el
. ceee .. .* Goettingen. . .. . o 1927-31 0. 83 . R,
e Berlin...... . } . 192731 IS S
oo Dwickau____ S 192831 130 I
<o, Duesseldorf. .. . e e oo 19340 12,28 .
®wd Knoll.__: Frankfart ... . e 1932 13. 9 l ..................
and Schoe~ ¢ Jena___ ... .. . L . . . 1932-39 1220 T
Wasels . Frankfurt... . .. 938 ... . 1294 2.38
R oo Duesseldorf ..~ 0 L 1042-45 21.86 ... . L a..__
..t Leipzig. ... . e o 194548 1.0 ... ... b et
. Bavaria..._ .. e e 194548 |- 214 4.8 g
fDuesseldort__.. . 0 oL L 194647 | 26,28 | .. eeeell. !
denal Lol e e e oo 194648 130 1 s é
“Duesseldorf.. . oL oL ... 1948 35, 53 T EERTRRRR 4
Rrankfure._ o oo 0 198t 0286 . i
Germany.... .. ... .0 o 1952 ... ! 23.4 . 4.4 4
e I - et e : ’
g
‘
i
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i
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Fizonee 1 Comparative trends in respisnlors caneer mortaldity, 1924=50,
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e aned fentiessnd vneee of the lirvns

s, Bt net ol Tenades, Tha~ relittion -

~tatnd at 755 persons per square mile and

canweer deathe pee S mbabican s,

Capparent whencamparmy relanve Tang 1t D= recently beerc observed that the luange
. . . . s vy ] s 1] I o - 1 . s [ NS T 1 .
o death vtes e the Unated: Seanes and ‘I""“' dentl rat If”l)\,\hlil‘ I“';I(T hiving " l}]“
. . . . downtwn area ol it=hureh s excessively
pd with the velative population densiny . . T vl
- . W . e Ui .i b twiee the rate for males hiving elsewhere
gt OIS, weeas, i the T . . . .
frst . ) in the cityv. L is somewhat nneertang whether
e, with s populatin ol L5 persons per this observation earvies the same implieation as
s omiles 1 long eaneer denth ocenes per Hhe observations nde i Ohio and in EKngdaad
cnhabitants, e England  these hgares and Waldes, Suehoan imterpretation is sugzested
L Lung canver rites in neeropsy aniterial of varioes German instituales of puthology for tle period
1895-1925
Pereean of
Periond Toral caneers Lo Bnng vaneer- Range Average
CaIrs arong all
caneers
s 2800 - 1o f h | 1O 2 ) .
) 2 2008 R{TA a4 -’ : LI
Rt AT axg N gt 9y s g LW
o [N RY N32 0.2 3.0-7, 0
e 20 Awe-adjusted death rates for respiratoes caneer pere 19000 w hite males in the United Siates, 1950,
(Lew)
Jomer 10 va YA new  EER o
2
L)
L)
L)

biw Heahie Monograph Mo, 36, 1933
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Table 1,

Peinary < o [T REL
e - U reeeg
1ss e Theresae

Branehus and (nng -
Nibina N 31 IS
New Urrlen e 131 Qo (RUBY
[REVIFTS SR 20 a2
RBirming bz [ (AN ] RR(1]
Dhenivpr | 240 g
Nan Feitieseo 156 a3 1260
[T [ 2y [etd
Uitisbnrel nv 2o iy
['l""n(l 12 A2 n [ |
Lary i

Vil 11 L ISt
New Orlenns [N 1L 32
Dhallas 42 a8 (1Y
Rirtinelizgng [ i n ING
ety 20 [ 105
S Feanneisen Lo RN i
Chieago [ TN )
Pivestirgh [} NN N2
Detran a0 Ho| 3

by the faet that the white male whahitanis also
had an abnormaby - lieh <kin
ate (Pwinos,

caneer deai
Thiz i~ in dErectnent witly (e
wenersl experienee dewonstrating the dual role
plaved by many vcenpational carcinogens, siely
a5 arsenicals, conl
andd

petralean 1!t'|'i\':|li\'('.\‘.
radivactive snbstanees i the pradaerion
ol borh ciitaneous and PESPITATOrY caneeps,
Ancadditional expression of (his nrban-rieal
Pattern of Tung caneer pates - votdained jo the
recent report ol Lew. who Jonmi that
Fes were 30 0 S0 pereent liohor smong idis.
al poliey holders of e

l|||'.<(‘

Metropolitan 1ife
Fosuranee Contpany than amang malyes olding
geveral policies, Lew (ol o, the othier hand.,
that <iel differenees Dd ot exist o feniale
holdees of the 1wo Wpes ol polivies, e Porated
out that incdustital polivcyholdees eepeesent. for
the most part. weban Witgre

Fomiies 1 he

erviners and (heir
fower-income limekets and
melude o Dl imeportion ol pen cngnged an
mannfacturing, mechanieal Hidnstries, i,
Hransportation, and personad <epviee,
trast.  the

I con-
cereral polievholders  ape dirawn
mosthy frone middle- o higher-ineome sronps
engageed i nonhazardons orcupations,

6

Tocidence of FESPIFAIOTY ancer, Worhidity metes pee 100,010 population for 9 mclropalit
by sens 1947 aond 1947

Muorbadity rares

Fenlios Tori
e - [N 0w are P
1937 1047 il 1037 117 ine
S0 100 tu S0
12 Al Th 208
. (] I, 184 S 7.2
2.1 g9 N6 KA .o
[ N 03 [ H 1§ 8
3.0 Nl 0% wos 2008
[ . 63 SN IS. 0
o A 12 7.1 15,k
23 ST s T4 I 0
.3 1.3 .9 i}
i Lo 150 36 PR Y
1.5 o il 203 7
0 1.3 7 26
" 0 L9 20
! N 300 21 Lot
| [ o) 3.3 3.7
| LN Line 200 (]
{ 34 25 20 3.1
Fhe apparent eaqnsal sigttificanee of )

epilemiologie) lindings has heen denonstra
by xevern] IVestivators, Appreciable amou
of Sb-benzpyrene e beon demonstrated
Waller and Cooper (R, 1. among the air poll
il ol English cities: vy Kotin al ussocia
i the particulate phase ol fhese itosph
constitnents in Los Avgeles, and in the exha
Fumes of wasoline and dliesel engines (table:
aink 0 N has been estimated  from  th
iznres by Blacklock, Kennaway, Lewis, g
Urepihart that about |4 me. of 3 4-benzpyn

Table 5. Canecer of lung and larynx, England a
Wades 1916~y (Kennaway angl KReanaway)

Lang eaan-
Cer Ttiof

. . - Larvnx ca:
Fuvjie of OBty coF ratio!

Malex  Fr- Males . Fe

tiles " ah
Greater Lognlon. 100 ion 1m0
Connty haraugh . 1249 137 125 ¢
Other urbigy districts. 160 7 156 P48 ¢
Rural distrivis. R 32 IN3 170 i

P Nuimber of persons preoclucing 1 death,

Euvironmental Cagses of Cuncer of the Luz
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Lang casiees death eates 1o 25 Stales ol 1he

c b
T.(",:lili"l statess [0 ol 1948, erude death rates per
100,100
‘ -
: Siate foin TN
Ficdnstritized Stanes
Cpeetiontt, AR [
e N w0t
el . [T ~
elinaetls o o2
sall - S07 |
Hampshire - w1 .1
S sy "3 u s
S Yorko o a2 1o
D B0 o
Loavivaniat oy S
i Jelanad N7 o
Stes with reggonal industesdization
! 1 191
: GO,N |
'l [T} N0
— T3 L]
N . HYL O ESERN
- s u
Vuneultarad States
§ [RERTY IRIERN
J
1 R EN1 11X N L n S0
[t L . Sn KU}
Y (RN TCT IR 248 an
- Caroling _ ol b
o Dahada qn 1.}
L S . (] (R
~ o Varaling . R Soh -
Soeanglan ool I 2
I [T 1 Y

o ddeath rtes fue the vear TG were tahere froam

Americanr Citneer Suetety, T, 10400 Cheeer

e ates Tor enell State i the Uaited Stabes fove

o e for the vear HUN were |'|‘|u|ll|'1~(] i 1he
i sal (fliee of Vilal Statisties

fable 7. Lung cancer snortality rates. per 1000
draths by sex. in Ausiviae 1954 (Merhich and

NSeabald)
; Congaisity Total Mades e
' ] tinssdes
" KA S0
S NG 16K 00 Is. 2 41
Cos 2O BDLOEHD . [N B
et of Nustrin . R U S PO

7abie Health Monograph No. 36, 1933

Figare 3, Caneer of The Tung o ales aged 23 years
aned over, England, 102130, Reproduaeed by per-
viamion of the British Fmpiee Gioeer Canepaign,

Y
/? \: ) )_\- Counties including

County Boroughs

Y

Aclual mortality per cent of that expected from the distribution
of papulation by ege and class of district

vnge70 70 - @5 - 00 = 115 = 130 - 145up
— LTS

Figure . Obsesveldand expreted fung cancer deaths
i b aened rueal Ohiog 1917=51.
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Fabibe 80 Fstimated womonnt - of avonadic by dro-
carbans i F-minage simaples of sasoline evviust
with varving engine revolulion speeds (Ratin)

R Cone- \ Benz- Nuth-
l.-~\.'|=ll!--u- I ‘nl'll/-
o AP el | [rera suea by -
R ITETIEN (roredie .
Iraree et
) 280 1204 240 153
1.4 KRN fil 177 a2
1,500 RITH 33 (K} NN
2,000 12 n o 27
2.0 36 127 Lo hiil 1
s.00n, 121 25 [N NG I
RIS is N I A4 15

DEhnsities are expiressed inopene a1 0 lal,

may beanhaded and retaiined i 1he luings from
tiese soarces duving a0 lifotime and el (his
QUANTILY Fepresents approximately 10,000 tines
the dose (04 mierograms capabie ol produninge
cHheer i ntiee upon subentaneous nteadetion.
FCshould be emphisized in this eonnection tha
Sot-henzpyrence i only one of the several cup-
cinogenic chemieals izolated from ainospherte
podlutinis and that, therefore, the aetual total
amonnt of atmospherie eavrinogens renehiinge
the lung s considerabiy higher (10k and
Steiner: Kotin and associatesr. The henzpy-
rene content of the mir was inereased fonfold
duting smog dayvs (Wallee.

Te s diflieuds. i not illl|m>‘.~'i|)|('. ta reconetle
the obvious vsal significance of (his fetual
evidenee with the elaim that suel regional, ansd
espeetadly urban-riead, diferences in o caneer

Table y,

[HESDUE

TR [EINS fand Conddition
OIS

1.aon (1} Connpression relensee
’1 Jll»
. o
oy din
' e
I, 200 [)) n
R
o do
",| . ("'.
L o
1. 100 0 R do
b . oda
L, o
" RIS
. Y oo

P Quantities are expressed in man. min.

Catimiated amount ' of aromalie hydrocarbon in laminate i
loured ol engine revolution specd and with fucl-injection incflicieney (Kotin)

Py rete ('mnq\»_muul Benz- Benz- Anthap. .4

Mrequeney aee otalby aeeonnted o by differ
eiees i the cizarette smoking habits of th
Iwa population sroups or merely velleet loca
dizerepancies in the diaguostic acumen of uebar
aml el physicians and n the availubility of
diagnostie medies) Geilitios,

Sueh explanations heenine sven less tenable
e view ol the fuet that the annual nge-adjusteq
merease in feequeney of lang eaneer deaths wag
Bigdier i 191430 than in 193144 (table 10),
wherecas the nutekediy inerensed rigarette cop.
suption during previeus vewrs should have
boosted the annual progression rate above that
seen during the earlier period. 1t has been sug,
geshd (Licking: Hamimond) that this patadog.
cab hehavior of progression rates is atiributable
o the faet that many cigaretie smokers did
not live long enongh 10 develop a fung cancei
beewsse of their precacious death from corona
selerasiso which also s assumed to be elicited in
!
4

Table 10, Anaual ape-adjusted inerease of f
quency of lung cancer mortality

Percett increase
'\'(.\ ..... - e bim et s i
1914 300 1931 -40 1

Males I 5 B A
Fetnzles S0 2.5
' Por,
S Peotter,

samples of diesel exhaust with varyi

——]

pyrene perylene threne

1

137 22 14 22
267 6 Hid 12
BE1H 175 2 124
1, 8OO 610 l. 320 610
2,500 0639 N7 I. 265
208 0 9 79
257 0 A7 40

Js 278 137 171
NN 1NN 432 430

L2 614 1. 706 976
ISX 0 80 0
177 5 T8 0
220 5 1,372 368
734 337 982 1,071
22 346 1, 687 4

Enviconmental Causes of Cancer of the Lung




o majority Wl enmew Dy ergaretie smekine, epearetie theory and o pevlurps motnentavtl s
cording 1o atimneal cvidenee, cutisiy bl inul:r_'nlu‘lu-l'lhlx cancept. olthonel
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times. e diflerent loealities. and in dillerent
demographic croups, it is niost nunhikely that
<l diserepaneies ngl changes ave attributable
to Mectuations in the miensity of one single
lactor, sueh as cigaret (o smoking.  lostead, they
appear to he die to alternGons in the tape and
extent of the action of a hroad spectrun of en-
vironmental vespieatory carcinogens atfocting
the members of the (wo sexes (o dilferent
degrroes,

The narked and wrowing predominnnee of
males among inng cancer vietims seems to be
due Targely to (he following factors:

1. Males are morpe extensively employed than
females in oceupations whiel produce and use
known or suspected atmospherie carcinogens.
Also, nules work more consistenty and over
tonger periods of their lives in sieh oceupations,

2. Males predominate in outdonr oceupa-
tions, especially in urban aceas, whepe they he-
come exposed (o carcivogenic pollutants in (he
general atmosphere (elllnents of domestic and
mdustrial furnaces, exhaust from aasoline aml
dhiesel engines, dust from rubber tires angd from
asphalted and oiled ronds),

3. Males more often than females pecfnr
heavy physical Laor vequiring deep and fre-
quent respiratory movements facilitating the
penetration of carcinogenie air pollutants intn
the distal portions of the respiratory  tract,
thereby inereasing the frecqueney and degree of
exposure,

b Males more often than Temales  work
through the entire span of their occupitinna)

life within urban areas with proved carctho-

Table 13, Histological 1ypes of o

i

cupational respiratory cance

—— |

genie atmospherie pollution, while fonales st
for larger portions of their lives in the ¢
siburban dormitory communities.

These considerations provide substantial gy
port to the coneept that loeal differences
general and oceupational industrial air poll
tants may more plausibly account for an 4
preciable portion of the observed differences
attack rates for the two sexes rathor than ¢
local variations in their smoking habits,

The doubts as to the unresiricted validi
ol the cigavette theory are deepened if critig
evaluation is made of another dubious link §
the chain of claims advanced 1o bolster U%
voncept, Tt has heen maintained (Grahay
that squamous cell carcinomas of the bronchs
lucosa are a specific response (o cigared,
smoking sinee (@) this histological type of brg
chogenic carcinoma was allegedly rare befy
1920; (b) it has increased considerably sin
that date in relative frequency in comparisg
to other histological types of carcinoma, g
peeiadly adenacarcinoma; and (e) it is more of

found in males than in females.

The facts are as follows: Bronchiogeg
squamous cell cavcinoma has comionly b
found with all known occupational respirato
cancers (table 13). Tlowever, many of the
amgrents have also elicited other types of p
monary carcinemas, such as undifferentia r
round cell carcinomas and adenocarcinomy
Thus, there is no evidence supporting the vig
that any speeific respiratory carcinogen elic
a speeific and characteristic type of cancer,
study of lung caneer records of cases observd

lear

tsy according to carcinogenic agent

Nquamons | ]l \
cell carci- . Anaplastic
Agent Orpan IlOlll'«"l, with | ](}Iogf;? ccéllll or polymaor- | Adpn
or without i phic carei- cinoms §
cornifica. | Ctarcinoma noma
lion
Tar fumes____ ceed L L. < L
Niekel. ._... ... e .. do. B . N
Chromijum .. . R P I e e J ..............................
Asbestos vooLodol o o
Radioactive gases and duse . | sdolo o0 L o
Niekel.._._....._ 7 Nares and nasal sinus____|
Radioactive gases and dust . ... Mool oL [ 3 S
Isopropyl oil .. _. B U R A il Rt
10
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belore 1920, or even hefore 1900, readily estab-

lishes the faer that during those ven
eotl enretnomas of (he bronehi were

FS S UaMons
v 1o means

rire ocenrrences (Wolf, 1895 -8 squamous cell

Table 14, Consumption of tobaceo i
head-year. New Zealand and Uail
1900=1950 (Easteatt)

n pounds per
ed Kingdons,

carcinonmas among 15 lung uncers; Pr
1927 25 pereent squamous cell carcing

tween 1905 and 1918; \'\('u(,suji,li)oggf_);; Pe
=quamous el carcinomas betweer 1892 g
1899 Adler, 1012--approximately 4q pe 2
stuatmous cell earcinomas among 18] g g g
cinomas collected from the literature with ‘t
fquate histologieal data; Proe. First

600

, ] Nat. Cape i 99€
Posmds of tahaces per Conf., 1949—44 pereent squamous cell carg., 5
lead-year nomas i males; 1L pereent. in females, ¥
Year ’F“"'“*“—""“““"“”"“"" While adenocarcinonias are more frequeny g 3 40¢
New o United females than in males - - 'y
| Zeatand Kingdom , t les, ”)C} Q‘ISO are meore ¥
e e Quent in voung persons than in old ones (Ling &
: . ol s Proe Kiret N ol o (Y »
woo_ . : 5y | s ;sI\o;:. I roc, First National Cancer Conf,, g 30
R R 2590 2 99 The evidenee on hand scarcely supportg el
:2%3 ----- .- i 2’2 : f 2‘11 contention that adenocarcinomas ape of endos &
s 0 i o 487 307 enous causation (Liekiut) or that they lave o §
L . 36 122 cliology differing from that of squamous gy § .20(
o — - - - carcinomas (Krevberg), The male-femafe wi
Table 13, Average death rale per year per million persons (males) from cancer of the h 3331 ‘
New Zealand compared with England and Wales (Easteotr) e 19 16¢
) J\g(!
Perind ! Conntry . : ; “‘** 3 (
.' | 3= 4550 ) 55-64 G374 (Tt g
- L ! F ik
o D i : —x& ntio
1082-36_. .. ... P New Zealand . __ ... .. . 13 | 87 158 1 204 £F Lving
1937-40. .. ' do... . L 33¢ 108 235 . 283 ¥ 25:1
041 ... _____ England and Wales. | | e 1260 424 802 | 75 ¢ fzi . ;‘,[ st
: ' | ' : 4
UM2-46_ . New Zealand_ . e 44 168 166 | 635 ! "% bornu
IO2-46. .. o, England and Wales e e 132 i 466 1,072 1,{;3:; t : viront
IMT-51 L New Zealwnd. . i 13- 287 732! powel R eondit
T-51. Lo L. i Fogland and Wales_ e 166 1 781 1,682 1,857 mE T
| ! -
1'.152—-?&.. ............ . New Zealand .o e G611 305 01,0270 1,456 } 1.[.4' ¥ the b
WIG2-33- . England and Wales. T 75" BaB 1 2171 2,650 - ) émE ciare
Table 16, Obhserved and expeeted  mortality  from caneer of the hang according to place

New Zealand or the Cnited Kingdom (Lastcott)

Age at entry to United Kingdom

Place of birth i ()hscrvr:d . Fxpeeled Under 30 30 and over ;_pcr ¢
i deat his i deaths N count
; : 1 Observed Ixpeeted Observed Fxpected % death
X ! deaths deaths deaths | deatin ;¥ (fig. 5
H i ( !
- . . : 1 ~ & lung
New Zealand .o o 642 ¢ 7208 ... ... S SO R <% the U
United Kingdom . 369 | 270.9 201! 229.2 168 | 131X 30 p
: i i i i ! ~F
S % Amer
Nore: The significance of the difference between observed and expected deaths in the two countries is D<0-‘m‘_’- X nifice
. ) 8

R
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of lung cancer (1:0.7) among Mexicans
in Los Angeles, as well as the ratio of
for asbestosis cancers (Merewether), do
gpport the view that women have any
onal protection against the action of en-
mentsl respiratory carcinogens if identical
tions of exposure prevail.

¢ claim that squamous cell carcinoma of
wonehi is in any specific way related to
ette smoking thus may bLe laud to rest,
no special histological type of bronchio-
earcinoma bears any consistent, conneetion
‘any of the recognized wvespiratory car-
s,

mally, it may be mentioned that there does
aist any parallelism between the annual
sapita consumption of tobacco in different
kries and their respeclive pulmonary cancer
h.tates (Herbich and Neubeld; Gilliam)
B). Ithes been ealculated that the English
dincer rate is apparently double that of
Btited States, although the Bnglish smoke
percent {ewcr cigorettes per capita than
I'u;ans. This interesting and perhaps sig-
stt observation, which fails to support the

kuulth Monograph No. 36, 1955

?héxos—oo

validity of the cigavette theory, is disposed of
by its proponents by assuming that expositre
to ciznrette tar is less sever: for Americans who
do not smoke cigaretles to the very end than
for English smokers who, for cconomie reasons,
indulge in this questionable habit.

Recent epidemiological studies of Easleott in
New Zealand provided thie most important data
oun this point. It was lound that the relative
consuniption ol tohaceo in pounds per head-year
for the population of New Zealund and the
United Kingdom revealed an inverse relation to
their lung cancer death vates (tables 14 and 15).

Easteott, morcover, found when comparing
the observed number of lung cancer deaths with
the expeeted number for native New Zealanders
of British extraction and for immigrants from
the United Kingdom that the immigrant group
meets with a much higher incidence of broncho-
genic cancer than would be expected on the
hasis of equity, suggesting that the immigrant
has an increased suseeptibility to lung cancer
(table 16).

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

13




tmerants, but for those who were 30 vears of
Age or more on entering New Zealand, the risk
1< 75 pereent higher, aeconding (o Iasteolt,
Differences in habits of (abacco smoking ape
nnlikely to coutribute te his Metare, in the
opition of Fasteolt,

Herbich and Neubold pointed out that there
did not exist any consistent proportional fre-
fquency  between  cigarctle consuniption and

lung cancer mortality for Upper Austria
Kaernten, on the one side, and for Steien
and T'yrol, on the other side, although i
four provinces there prevailed approxim:
the same per capita consumption of cigare
These authors suggested that the high

‘ancer mortality among the people living i
marginal regions of the northern slope of
Alps might be related to climatic-atmosp}

Figure 7. Rise in annual production or cosumption of cancersrcl

and [948.
PRODUCT - UNIY

1 BITUMINUS COAL -PROOUCTION IN U.s,

MILLIONS OF NET TONS
2. FUEL BRIQUETS - TOTAL PRODUCTION.

THOUSANDS OF NET TONS
3. CARBON BLACK - PRODUCTION IN

MILLIONS OF POUNDS

4. PETROLEUM - PRODUCTION OF CRUDE PET
MILLIONS OF BARRELS

5. PETROLEUM , ASPHALT - PROOUCTION oOF ASPHAL T

(FROM_ PET ROLEUM), THOUSANDS OF
SHORT TONS g

6. COAL TAR- PRODUC TiON,- THOUSANDS OF
GALLONS

7. 1SGPROPANOL - PRODUCTION;- THOUSANDS OF

POUNDS
. 8. ASBESTOS - APPARENT CONSUMPTION,

THOUSANOS OF SHORT TONS, (M YRBK - 1939)
9. ARSENIC - PRODUCTION AND IMPORT S,
THOUSANDS OF SHORT Toms

TOTAL SUPPLY, THOUSANDS Of TONS
SOURCE -MINERAL S YEARBOOK, 1945

ated industrial chemijcals between

ROLEUM,

0. CHROMITE -

B S A

TR Y ey e s e

i

't

!
¥

+

e

B 43




“‘lsmil g
Steierny
ough iy, al
YTOXIMY ),
" cigare.,
. lligll l!mz
lVll]g ilI the
IODc ol 1k,
\WMospl ey,

4

Yelweey '%m

!

|

B
PYS % !

of the 1o

sadilions and 1o Lhe direetion of prevatling
nds, which })ritlg the mdustrindly polluted
g of Viea into the valleys of the northern
yipine regions. . .

Smilar observations on the wfluence of the
sevvailing winds upan the relative frequency of
fng cancers in different areas of the ]‘:llgl?.‘-‘-ll
\flands were reported by Stocks.  Herbich
nd \eubold, morcover, found that the lung
s mortality rates were twiee as high n
samunities  Jocated along  main highways,
shate e atmosphere was poltuted with exhaust
.+ gws (rom gasoline and diesel motors and the
4,1 and fumes of asphalted roads, than among
. mhabitants of villages and towns situnted
:-‘:v,nh' from such traflic acteries.  In fact, the
~ in lung cancers follows more closely thie
cerense in consumption of motor fuel and the
oaruction of asphalted highwaxs than the

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

It is apparent from the numerous ohserva-
tions ancl facts of genernl environmental nature
cited (hat there exists an impressive amount of
circumstantial evidence of different character
and from various sources which strongly sug-
gests that several, il not many, environmental
aclors acting in varyiug degrees and combina-
tions eause or contribute to the development of
pulmonary cancers and are involved i their
recent vise in frequency.  Much of the evidence
on hand, particulnrly the irregular cpidemio-
logical pattern of lung cancer, points to an
important. role which industry-related factors
and the growth of modern industry may have
assumed in these respeets.

Occupational Evidence and Respiratory Carcinogens

The coucept thal environmental factors cause
w rontribule to pultnonary cancers is supported
v ~pidemiological. medical, and experimental
ssalence obtained from analysis of lung cancer
ates of various occupational population groups
 well as by studies of lung cancers and their

| werific uid different causal agents present in a

wmber of restricted worker groups and in
seilictined industrial operations.

. bpsdemiological Data on Large
' bdustrial Groups

' ~ Epidemiological studies on the frequency of

sisg eancer among members of large industrial
Fom and trades have brought to light the
stenice of marked variations in the liabilily
= wrans engaged in different occupations to
et of the lung. Tables 17-19 supply
“ramg illustrations of these differences and
i sue of the factors which may possibly be
*wansible for them.

Table 17, which lists lung cancer death rates
b wven industrinl groups in Ohio, shows a

Pk Health Menograph No. 36, 1955

siriking diflorence between the rates for agri-
cultural laborers and for employees in the pon-
ferrous metal industry, with rotes for trans-
portation workers occupying a position directly
behind the rates for nonferrous metal workers.
It seems to he characteristic of inhabitants of
agricultural arveas to rank first in death rates
from cutancous cancer and last in rates for
pulmonary cancer.  This is in accordance with
the relationship between solar radiation and

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

|
! Death
. |
Tndustry | “Tate

Nonferrows metad_____ .. . _____..___ 3,22
PranspOrtalion. oo oo 2. 01
Rubber and plastics . o o oo oo e oo 2. 34
Iron and steel oo o ool i 2.18
Mining and quarrying . oo .. . 1. 53
Agricultnre. . ..o iicoaea- ; .82
Stone, clay, glass_ o oo ool : . 66
Total._._. s camame————- '| 1.76
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sKin eaneer and (e red

ationship between low
concentrations

ol carciogenie air pollutants
and lung eaneer,

Nonfoerrous moetaj workers, on the other hand,
olten have contact with dust, fumes, and vapors
of some carcinogenic metals, such as chromium
aud nickel, or with arsenicals which ape impar-
ities it many nonferrous wetals (eopper, zine,
silver).  Transportation workers are exposed (o
the exhaust from gasoline n
petroleum lubrie
roads,

nd diesel engines,
ants. and dust from asphalied
The relatively high death rates of
workers emploved in (e rubber and plastics
ndustey may possibly be atteibutable to the
use of coal tar, petroleum oils, and tars, furnace
black, mineral pigmenls of carcinogenic chemi-
cals, and aromatic amino-antioxidants used in
the production of rubber and plastics.

The aetual diserepancy in the g cancer
linbility between operating and nonoperating
railroad workers is even greater than is appar-

Table 18, Frequeney o lung can

cal from the figures listed in table 18.
employment, ratio of operating 1o nonoperay
railroad workers in one of two large railr.
companies was 1:4.  From this ratio, it appe
that, on the basis of (he crude, nonstands
ized (sex, age) figures presented, nbout 75 1
cent of the lung cancers in railroad employ
oceurred among the operating group, wh
supplied only 25 percent, of the total numbey
employees, Operating railroad workers
cluded engincers, firemen, brakemen, cond
lors, switchmen, and roundhouse person;
that is, workers exposcd to the inhalation of ¢
500t and oil fumes from djcsel engines and fi
and lubricating oils, which contain carcinoge;
polyeyelic hydrocarbons, .
Dunner and Hicks recently called attent;.
o two additional worker groups, boiler geal
and grain  dockers. In  the cxperiens:[
Dunuer and Hicks, these workers showed
excessive liahility to cancer of the lung. Twe

i

4
Cer among operating and nonoperating railroud workers !
— T el ————— - — 3
Type of railroad worker .g
Total , TTT T I — — - 1
Railroal i Period . lung Operating Nonoperating Undetermined .3
i' . oeancers e e —— p
. i ]
, ! Number t Pereent Numbher Percent Number ! Percen
T ’*“'i__"'*'—J*“_“"‘r_”"_ R I
Ao 1990250 29 i 24 83 - 5| | SO I
B . e l 1939-49 | 104 59 57 15 I’ 141 30

Table 19, Oceuputiouat e

roups with excessive incidence of fung

cancer

Qeenpational group

Metal workers, welders, metal grind-
ers and polishers, wire lakers, taol
and die makors, foundry workers,
metal moulders, lalhe workers, ote.

Cigar mannfacturers and lobacco-
nists,

IEngineers, mechanijcs, machinists,
plumbers, erane operators in smelt-
ors, ele,

Painters, decorators

carbon  black,

Tar workers, road workers, asphall.-
ors, pavieurs, stokers, patent firel
workers,  furnace men,  {oundry
laborers, roliers, etec.

so0t,

[ Potenial respiratory earcinogens
[

Metal dust, tbrieating oil mist____

Tobaceo dust, inseeticides, soot

Metal dust, soot, libricating oil

Melal pigments, coal far dyes,

asphalt paints,

=olven(s, vehicles (lacquers, res-
ins, synthetice plastics).

Tar and piteh fumes and dust,

Investigator

Kennaway and Keanaway; Turf
and Grace; Miller; Dublin &
Vane; Wynder and Graham; §
Laughlin; Breslow and assooiaty

---| Seyfarth; Kennaway and Kennawd

Fnger; Versluys; Brinkmann, 4

---| BECC! 1944 and 1952; Gilles
Turner and Grace; Maller; W
and Graham. g

BECC ¢ 1944; Miiller; Dublin a
Vane; Fulton; Wynder and Cf
hain.

Kennaway and Kennaway; Ful
BECCT 1952; Regisirar-Gene
(1938); McLaughlin,

! Report of the British Empire Cancer Campaign.
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srfour Jung cancer cases were fowwl among
3000 dock workers at Hull, England, ol whom
300 were exposed Lo grain dust.  There were
2 boiler sealers with lung cancer. With the
~aception of 1 boiler sealer, none had any
“mfiological cvidence of pnewmoconiosis and
~aly 5 had o slight degree of pneumoconivsis
won histological examination. No lung ean-
‘aes were observed among dockers who were
wt exposed o grain dust. [t may he possible
#at boiler scalers sustain & cavetnogenic expo-
wre 1o chiromate-containing seale, if cliromates
s used as antirusting agents, or that these
Feekers sustain a pulmonary  deposition of
B oxide.  Whether specilic vegetable matter
Mwme eareinogenic contaminant of the grain,
b_"-ﬁ‘il a3 residucs of chemical fungicides or other
Miessing or preserving agents, account for

;_Mzc Health Monograph No. 36, 1955

A T

®  NASAL SINUSES
®  LARYRX

RADIOACTIVE Duet

the abnormally hight frequeney of lung cancer
amony grain dockers is al present w matler
Tor speculation,

Mention also may be made of the recent
observation of Faulds on the excessive [re-
queney of pulmonary cancer among Knglish iron
ore workers employed in mining activities ab
two different locations.  Necropsies performed
on these miners during 1932-53 showed a lung
cancer ineidence of 9 percent (192 necropsies
with 17 lung (.mcus), while post-mortem ex-
aminations done on 2,378 males of (‘ompnmble
age who were not employ ed in these mines
x'cwnlu-(l that only 44, or 1.85 percent, had
primary lung cancers. It is remarkable that
there did not. exist any parallclism between the
degree of pulmonary fibrosis observed in the
iron miners and their liability to lung cancer
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- tuberewdous Jungs, 2 plus: in fibrotie lings  aspects of lung eancer causation are deplopy i ted &
. ’ . . R . . -
without eancer andfor 1uherenlosis, 3 plus).  defective heeause of an absenee of ext v be ast

The absence of a positive correlation hetween

onsi‘-e

i“d
prolonged analyses of lung cancer deaths 2y the caul

pulmonary fibrosis and ung eancer was noled various mdustrial groups for spocif,. ::':1 ¢ PR :unj)l
when tie evidenee on hung eancer among the  factors,  The evidenee on hangd hever o, gl "j"pﬂ“:
eddionctive ore miners of Joaehimsthal and adecuuate for demonstrating that the “-gdl“,&v" el inelus
Schineehery was analvzid (Hueper).  Althongh tions in lung  cancer frequency “I’Ihm‘:} 3
tse actual causal Tactlor respansible for the  existing hotwoeen different industria] P"})ula["w patur 20 Oc:
lang cancer among iron ore miners remaing (o groups are attributable (o differences i ’""IP:‘ . .
be deteruined, it may be memtioned (hat Levin less well-definable oceupational eXPOSUres :_ ]
and his co-workers recently recorded a positive  not fo differences in cigareite stoking liajy i ;
statistical correlation between an oceupational A

exposure to iron oxide and heat and cancer of
the lung,

The studies of Breslow, Hoaglin, Rasmussen,
At Abrams on 518 histologicallv proved cases of
fung cancer in California suggested (he existenen
of an inereased liability 10 luge eancer for
members of the following ocenpational Froups:
welders, sheet metal workers, steamfit Lors,
boilermakers, crane ope rators, ad nonferrous
metal smeler workers, that is, individuals who
are exposed to metal dusts and fumes: oilers, oil

exogenous eaveinogens and CHVIrORMont )
spiratory caneer hazards is provided by
epuleniologienl, medieal, and experimen, )
eoncerning  accupitional respiratory twomprlal -
A geneeal view of the oceupational ORI
caneer panorama, including causal age
organs alleeted is presented in table 19

Occupational Respiratory Cancers
and Carcinogens

geer

Conclusive  evidence of  the CXislene,

g h:..l--.". e

R nanales. -

h" N

B WOTI Y l -
aldag § porcoenm oils.

Cllicepy

» el e el
1“5. 3:“ 4 ﬁ, veunt

tield warkers, wipers, and mavine engineers, who . L _ , Fotal..-
have contact with oil fumes, mists, and sprays;  Scope of Lneironmental Lung Cancer Hyype

ashestos workers; construetion and maintenanee An indiseriminate acceptance of the figirm

painters, who inhale vapors or vavious organic  given in table 20 as reflecting the actual SwfwuL

solvents, resins, lucquers, plastics, and rubber,  these identified and  recognized respiratoe B
as well as finely dispersed inorganic and organic  canecer hazards, however, would be SCTInus

pignients (chromium, nickel, copper il arsenie misleading, despite views expressed by severy 1 L
compouadls, carbon black, aniline dves); and  protagonists of the cigarette theory (Ringery, Carel

commereial cooks exposed to fumes sand mists of
overheated  vegetable and  animal fats and
mineral pan greases.

A recent study of the eauses of death of (he
members of the International Photoengravers
Union raised the suspicion of an oxcessive hing
cancer linhility for members of this oceupationn)
group.

From the different lung eancer death rates
listed for the various oceupational aroups, it is
obvious that the total number of workers
possibly exposed to oceupational ea reinogens of

Wynder and Graham; Levin; and othen
Although a definite demonstration of pevihy
occupational lung cancer hazards hes so fx
been made for only relatively restricted worie
groups, the evidence on hand is not only w,
equivoeal but also indicates that other worke ,
groups exposed to the same causal agents o §
subjeeted to identical or similar working cons §

contrast (o the apparently low cazcinogess §
poteney of the suspected, but unidentifid Veenie
agent presumably contained in tobacco smoke.

Araruatie hydre
+oad tar fanm
oteolentn ot

 artaon and sili

' ;prnp}'l oil

Velwntos |

Hons are subject to the same bazards. s

Motale

b eemuates. |

the occupational respiratorv carcinogens ae ]
evidently highly potent, as shown by their b | \iekel
respiratory cancer attack rates (table 21).

known or still unknown nature is evidently very
large atd comprises workers employed in basie

T T T P L A M e g N

and processing industries, construction, {rans-
portation, serviees, trades, laborataries, and pro-
fessions (fig. 8). Jt is, on the other hnd,
equally elear that the quantity and quality of

18

shown (o produce cancers wherever they opente b
i adequate intensity and duration, and oe
sidering the fact that many of the occupations

Siee environmental carcinogens have hea @ Lowarne racliati

Radiouctive o

Public lealih
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\’,E'f‘.”"im(,or_y carcinogens  veeur as o industry- The approxinzle scope ol ocetupational ex-
Jated gencrnl atmospherie pollutants, ih may posares Lo the various respislory rarcinggens
Ay be assumed that these pollutants repre-  may be estimated front data supplied by Bloom-
i, the cause of a significant porGon of lung  fielkl and his co-workers.  From a survey of
ancers ABI0NS members of the genernd popifa- 1,505,204 workers emmployed i adl industries of
o, especinlly those who live and work in 1Y States, it was found that 7,976 were exposed
nghh industrinhzed areas, to fumes aud dusts of chiromiun compounds and

TRl

we 30, Oeccupational respientory carcinogens and cancers recoeded during past 73 years, their causes, sites,
h and numbers

[

Nimmber of revorded cases
Agent ’ Rite of cancer \_(‘a‘r‘(_liT LT T e
ravere Unitedd Other Total
States couptries T
ienicn o o o Lango . a0 ik TN 23
weniC. . - -

A o R do o . R T/t X 2y 74! 9
¥ Chrumates. .. .. e e do.. ... o . 1932 75 iy . 140
Lgkp] ______ . .. . do e - 1932 )i St ' h¥]
Nares aud nasal sinus oL e e : . il 51

Coaltaroce oo o lamng. .o, . - 1936 Q! it a3

rolewm oils. . . Lung and larnyx. 1936 T 33 40
opvl ol - - - . Lung_ ... . . . [RIX1H { 0 i
oot Laryny ... Lo L 4 0! 1

Nasal sinus_ .. . e (13 Q- H
, Padionctive chemicals. . o Taamge oL Lo L 1879 0. 6§23 1H23
v, Nasal sinns_ .. . . 1931 ) 3 0, 3
o Totale.. oaoeeooo S 125 0 LOOL 1126

Table 21, Rexpiratory cancer altack rates, by cnvironmental carcinogens
Attack rates
Ineidlenecin T T T T T T T T T
Carcinogen Sites of vaneers popdation Pereent Rate per 100.000
at risk of W
cieer
deathis Morhidity Mortality

* fromatic hydrocarbons:

© Coaltarfmmes_ .. ... R 1 TTOR H00: 100, 600 43 ..
€ Petroleumoils__ .. ____. .. Lung. ... . 2,000: 100, DOO Sh o e .
g Catbon and silicon polyners: ) |
FN] [ Paranasal sinuses, . 134.9 ( nar-
= bsopropyl oil Lo oL 1 larnys. } 10: 100 mal 6.5). e e e e e
v Aabestos. ..ol bwngo .o . . . L (13.2-20 percent as-
= hestosis  avtopsicd
(0.5-2.1 percent
normal}),
¥ Hetals:
SNmeNiCL L L. Tamg. o .. ... . . e 145.7 males (10.9 nor-
; : : mal.)
S Cheomates ... CLungo oo . I J(2X nor- - 146-338
D : ¢ mal)
< Niekel . ... (Nares, paranasal ] o0, 900 S U S
| I‘l;“:"°‘*~ | AT4100.000 ] (20X nor- fmmemim e
- AR e nal), |
" bniting radiation: i i | :
N ioaetiveores. ... ... . B o o e e e e e oL {3050 pereent of all
: : ! . } | deaths).
- ] H




3356, Lo fumies and dusts of arsenmienls. For
mndustrial workers of all 48 Stules, respiratory
health Towards existed from (he inhalation of
dust, fumes, mists, and vapors for 35,000 indi-
viduals emploved in ashestos operations, in
3,000 having contact wich arsenicals, in 240,000
inhutling various (vpes of metal dust, and in
2.500.000 ll:l\'ill:_; cutancous, respiralory, aad
Ingestive exposures W various corthustion and
distillation products of conl tar, piteh, ercosote
oil, soot, and to petroleum fuel oils and lubricat-
ing oils, greases, and cooling oils. to nae a fow,

The highly defective state of knowledge con-
cerning the actual number ofoccuputional respir-
atory cancers is, moveover, demonsteated by
the faet that information on the existenece and
tumber of such eancers in specilic industreial
operations with reeognized respiratory eancer
hazards is distinetly spotty, not only as to duta
available from  different countries but, also
concerning those on hand from identical opera-
tions of the same country. The following oh-
servations may illusteate (his point.

The existenee of an oxeessive linbility to ean-
cer of the Tung from an idhalation of conl tar
fumes by retort attendants of zas il coke
oven plants has been established by a fow pe-
porls  [fromi Japan, Canada.  wud Lnglanel.
Apart from these isoluted data, no others are
available for similar operations from these or
any other highly industrialized conntries (Ger-
many. United States, France, Italy, Poland.
Russia).  Likewise, there is no oflicial record
available concerning the oceurrence of respir-
atery eancers among carbon electrode makors
and attendants in alwminum manufacturing
plants, where workers become exposed to dust
and fumes from the piteh wud petroleam asphalt
in the clectrodes, aml where, according to in-
formation available [rom fourdifferent countries,
tar and asphalt cancers of the skin have heen
ohserved as the result of such contacts.

It is, moroover, surprising that diuta on the
occurrence of luug cancers among producers anc
users of arsenical insecticides have been re-
ported almost. exelusively from Lurope, al-
though the United States has been for many
years the main producer and cousumer of these
products.  Similarly, reports as to Lhe existenee
ol respiratory cancer hazards from un occupa-
tional inlinlation of mists and fogs of lubricating
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and cooling oils have so far totally origing
from FEurope, despite the fact that Amepid
industries offer ample opportunities for idep o
exposures, that an excessive liability (o 1
raneer has been noted for paraffin bressers g
ployed in oil refinerivs, and that the surve
one oil company has shown thai there s
marked predominance of operating  refing
workers niong the ling cancer vietims of 1§
particular organization. 1
Finally, attention may be eailed to the
that the entire evidence us to the eXistence}
lung cancer hazards for radionctive-ore m;
has come from the observations made in Schng
berg and Joachimsthal. However, Mining§
uranium ores has been carried on for 10 to’
years i the Congo, Canada, and the Unif
States and extensive milling operations of §
Alrican ores have been conducted in Belgig
for many years without any official records
similar respiratory coinplications among
workers employed.
Additional incompleteness of the existing ry
ards on ocenpational respiratory cancers me
be related to the possihility that pulmons
cancers may have their causation from agerg
entering the body by an extrarespiratory rouf
While all known respiratory carcinogens g
environmental origin and are inhaled a3,
pollutants, there exists some suggestive occupy
tional, medicinal, and experimental evidend
indicating  that agents introduced by oth)
roules may be effective in cliciting lung cances
Several eases of lung cancer are on record wh i
developed after an oral administration of &
senicals and which appeared in individuals wig
arsenical dermatoses and skin cancers
bauer). Lung cancers also have been observy
in some aniline dye workers suffering frof
primary occupational bladder eancer (Miilleg
following prolonged culaneous, ingestive, Ay
respiratory exposure to dusts and vapors 4
certain carcinogenic aromatic amines.
possible scientific and practical significance §
these findings is suggested by the experiment®
observation of lung cancers in 10 percent §
rats given the potent carcinogen, 2-acetylamin g
fluorene by an extrarespiratory route (Biel
schowsky). A cutancous as well as parentergs
introduction of coal tar and several polycyels
hydrocarbons as well as of urethane resulted §

Environmental Causes of Cancer of the "
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Pattern and Tupes of Respisatory Caneer
{lazards

[f a map of the distribution and relative con-
dtion of the different earveinogenic air pol-
Jants were prepared Tor a given area, it would
hibit @ sort of rrazy quilt pattern to which
e general atmospherie pollutants would {ur-
Sish the overall background color. varying in
Sopths hetween darker urban areas and lighter
yal districts. Other types of eareinogenie
smospheric pollutants havige a more virenm-
iibed fiekd of distribution would appear as
rveularly arrangzed and vaviously sized and
duped spots and shads of different. colors
.:;p;-rimposctl upon e general background,
1 snds to reason that such toeally differing
Aposure patlerns ave hound o exert an ime
ortant inflience upon the epidemiological char-
wier and incidence rates of pulmonary cancers
A vIniols rgions, woone of the varous
arvinogens wouid Qrmlum- s own epiden-
aogical scatler pattern showing a diminishing
,pr.rud of cancers from multiple earcinogenie
sduetion foct.

" The following three main types of exposure
w environmental atmospherie earcinogens may
ne distinguished :

1. General envivonmental atmospherie ex-
seures to certain aliphatic and  polyeyelie
tvdrocarbons released into the atmosphere as
womplete combustion products of  domestic
ol inclustrial and ship fuels, as parts of the
haust fumes of gasoline and diesel engines, as
shrsion produets of vubber tires, and as dust
‘o nsphaited and otled roads: exposure (o
wenieals contained in the minera) ash and soot
of burned coal and in the efttuents of certain
setal smelters, and related to the large-seale
we of arsenicat pesticides; wid exposure 1o
sdioaetive malerial either natueally rvelensed
from the soil and from bodies of water or polint-
2z the atmosphere as the result of nuclear
“plnsios.

2 Special and locally restricted atmospherie
“posure to carcinogenic pollutants of the wir

Public Health Monogeaph No. 36, 19535
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exists i the viciniky of nonferrous metad smelt-
ers releasing in their ellfuents and from their
slige heaps Moues and dust conlaining nickel,
avsenicads, chromium compounuls, and berylli-
wnn, Similar exposure exists i the vieinity of
carbon black plants, oil tefineries, tar distilleries,
gns plants, and  similae industrial establish-
menis producing lurge amounts of soot or other
polvevelic  ivdroearbon  contuining  eflluents,
and in the viemnity of radioastive ore mills and
atomic energy plants.

The individualized type of wir pollution con-
nected with the smoking of (obaceo, with its
suspected carcinogenic hazard to the lung in
the special form of cigarette smoking, may be
included in this type of exposure to atmospheric
CACHOEENS,

3. During the last 73 years. an increasing
number of speeifie chemical and physical agents
hive either delinitely been recognized or are
strongly suspeeted o being respousible for the
appearinee of caneers of the nares, paranasal
sintoes. larvnx, and lung amonyg members of
certain ocrnpational groups.  These  specific
oceupationnd exposutes are associated wish the
inhalntion of coal tar und piteh fumes and dusts,
mists and fogs of petroleum derivatives, soot,
vipors of isopropyl oil. that is, the erude liquor
from which isopropylt alcohol is distilled ; arsenie,
nickel, chromiunt compounds, asbestos, and
jonizing radiation.  Sinee the availuble evidence
establishes sneh careinogenie connections with
only sotne, but not with all, inhalants, such as
sifica or voal dust, it s apparent that earc-
nogenic activities are not associnted  with all
atmmospherie pollutants,

Ocoupational Bespivatory Cancers

The respiratory cancers of recoguized or
strougdy suspected occupational origin are im-
portant, not only us industrial discase manifes-
tations but also as prototypes of etiologically
andd topographicully identical cancers affecting
workers in other, similarly hazardous occupa-
tions as well as of those cancers involving an
indefinite portion of the general population sus-
taining for environmental reasons contacts
with the same industry-related carctnogens.
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Physicochemical Staie of Mmospherie Cureino-
wens amd Topographical Distribution of
Cancers in the Respiratory Tvuet

In agreement with observations made as (o
reasens for the topographien)
environmental enneers in other diret systems
(urogenous and ahimentary eanal), respiratory
caneers of environmental origin are preferably
oceupying sites where (@) the fow of {he inhaled
polluted air is interfered with, that =i the
normal nartows of he respiratory track, sueh
as the region of the nasal turbing Les and the
Inrynx or its bronehinl bifurentions. or (6) where
the respivatory tmet forms dend end sitectla-
tions, sueh as O pavanasal sinnses and the
periphernt bronchiolar regions of (he lung, in
which iulialed caveinogenie mater may acen-
mulate, condense, and precipitide.  The tradlie
pattern ol air pollutants in the respiratory fraet
thus corresponds to the distribution patdern of
CeSPIEtorY  eancers  elicited hy
CaArcimogens,

distrbition of

atmospherir

The seeond prineipal factor which deternines
the localization of an environmen(al CRneer
within the ditferent sections of 1he respiratory
teact is represented by (he physicochemiceal
status of & particular careinogen, sitice this cor-
dition lurgely influences the site or sites of elief
exposure (o anatmosphetie earcinogen,  Cag-
cinogenic dusts consisting mainly of coarse
particles are mainly arrested in e nares, where
they canse cancers of (he turbinates, The
nasal cancers observed mnony copper-nickel
matie refinery workers inhaling the conrse Hust
of the roasters illustrate this interrelation,

The excessive incidonee of lacynx
among mule spinners inhaling carcinogenic
shale oil spraved from the revolving spindles
likewise provides anotlier example of this mech-
anism beeause i is likely that (he relatively
large droplets of this oil ure arrested iy the upper
portions of the respitatory tract, making the
narrows of the larynx the part of main exposure.

Dusts or mists composed of particles having
a diameter below 4 microus, ou the other hand,
penctrate into the deeper parts of the respirn-
tory systemn and therefore are mainly responsible

Caneer
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The bronch;
cancers found among clhiromate manufy
turers, ashestos workers, nnd eoke oven and p
retort workers are representative of this type K
exposiie. Atmospherie pollutants of LTI
al vapor types not only penctrate ingg % @
Iungs but also into the nasal sinuses, where therllR:
may be deposited by degradation into sol;qd -
(radioactive gases), by decomposition ingg solid
(nickel eurbonyl), or by condensation and poly3
merization into liquids or solids (aliphatic oy, 3
ides contained in erude 1sopropanol liquor),
In assessing the relationship hetween
physicochemical status of atmospheric carcigg g
genie pollutants and (he .

for the caneers of the bronehi.

wernie

localization of cance
within the various parts of the respiratory tl‘aot., :
consideration also must he given to the fact thy
rascous and liqnid carcinogens Inay become g¢
sorbed to the surface of curcinogenically iney
solid dust particles and behave under such con:
ditions more like solid particles,  Such com.?
binations, for instance, occur in relation to i
Cxposure to radionctive guses adsorbed b0 rock
dust in urnninm mines as well 4s concerning thy A
inkalation of liquid or solid aliphatic and poly,
eyelie earcinogenic hydrocarbons adsorbed (9%
the surface of mineral rogd and industrial dugl 3
or of carbon conslituting the bulk of s00t, ' 3

The first evidence indicating the existence of k.
causal relations between environmental factor 3
and the development of cancers of the lung w
recorded in 1879, when Hirting and Hesse §
established the cancerous nature of the lungg
discases prevaleny among the radioactive-ore
miners in Schneeberg, Saxony. “I'his discovery,
of historical importance and great present sigs
nificance, attracted listle attention at the time:
because radioactivi bty was still an unknown fact
and cancers of the lung were comparatively rare 4
before the turn of the century and therefore of
little medical interest,

It was not until the third and fourth decades
of this century that additional, well-defined
oceupational activities and cnvironmental
agenls were again related to the causation 01
cancer of the lung and other parts of the respira-~
tory tract, that is, the nasal cavity, paranassl’

Environmental Causes of Cancer of the Lung:
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< gnuses, and larynx. Among these wililitions o
e list of environmeutal respiratory cancers
{gere Ute lung eancers among chromate manu-
::.f;cl-ul‘(‘l's (1933}, of ashestox workers (1935), of
7 apseni¢ workers (19300, and of coke oven operu-
5 ws(1936). the eancers of the nasal cavity, para-
Fogsal sinuses, and lung among copper-nickel
Semelter workers (1932}, the careinomas of the
‘ggsal sinuses among  lunnnous-dial - painters
o), the eaneers of the nasal sinuses, larynx.,
and ung among isopropunol  manufacturers
2 (1946). and cancers of the Inrynx and lung
among Workers exposed  to lubricating  oil
"f-.‘pm'ys or mists (1936, 1949).

Spcciﬁc Carcinogens

Inorganic Chomicals

NICKES,

. Nickel, one of the most industeially important
“metals and principally mined in the Sudbury
Edidrict of Oatario, Canada, has many uses:
,t(g‘“ﬁoys (iron, copper. chromium, aluminum,

mbait); molybdenum (eanployed in the manu-
ﬁlurc of stainless steel, heat resisting steels,

orgings, casts, wires, sheets, structural shapes,
o o, . .

labing, rods, bars, strips, and so on); clectro-
Splating; catalysts; ceramic enamels und volors;
pgments iu paints and inks; storage batteries,

S0 on.

Lo
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Exposure to nickel fumes und nickel dust of
elallic nickel and its compounds or to nickel
rbonyl vapors is, therefore, frequent for indus-
lfﬂ workers of many 1vpes and in many opera-
tags. While skin contact 1o nickel and nickel
[ =Mitenot infrequently results in the development
;_ ‘an apparently allergic {ype of dermatitis,
calation of the volatile nickel carbonyl has
m.responsible for an appreciable number of
and often fatal poisonings,  The pul-
¥ manifestations (congestion, desquama-
9 of alveolar epithelium, fibrinous accllular
tion into alveolar spaces, bronehint mu-
Bl bemorrhages) are upparently atiributable
:t_ﬂlt‘ loxic action of fincly dispersed nickel

med from the disintegration of nickel car-
'| upon the pulmonary structures.  Kraflt

Health Monograph No. 36, 1955

siggested that these reactious are the rosult of
i niekel allergy having the lung as its shock
orgon,

The first report concerning the oceurrenee of
an (*.\’(‘c'ssi\'(‘ llllllll)('l‘ of CANCers ()f (Iu‘ nasn,l
passiges (nasal cavity amd paranasal sinuses)
asl of the lungs among workers of the Clydach
plant of the International Nickel Company,
loeated at Sonth Wales, Englund, was made
by Grenfell in 1932, although the first appear-
ance of these neoplasms wmong the nickel
refinery workers was noticed in 1924 (Buader).
Subsequent veports dealing with these caneers
were made by Stephens; Amor; Cooper (15, 1)
Carozzi; Bridge; and Metewether.  From 1923
to 1948 melusive, there were reported to the
Chief Tnspector of Faclories a total of 47 cases
of cancer of the nvse and 82 cases of cancer of
the Tung from the nickel works. By the end of
148, 46 of the workers with nasal cancer and 72
of those with lung cancer had died.  None of
the patients with nasal cancer and only 2 of the
patients with lung cancer had commenced work
in the uickel refinery after 1924, when a recon-
struction of the plant bad been carried out.
The average exposure period for the nasal can-
cor patients was 23 vears (range, 3-26 vouars),
and for the hing cancer patients, 25 years (runge,
1-33 years).  No cases of eancer of the larynx
have oceurred, ad only 1 cancer of the naso-
pharynx was observed at Clydach.

The nasal enncers involved the turbinates,
nasal  seplum, and paranasal sinuses  (eth-
moids).  Of these, the majority were of the
mdiferentiated cell type (6), some showed a
squasions cell chargceter (3), while columnar
cell careinomas were uncommon (1), Of the
lung cancers, of which listelogical studies were
available in ouly 4 cases, 3 were of the smali
cell, pleomorphic type, while 1 was a squamous
cell earcinoma.

Similar observations were recently recorded
front & Norwegian nickel refinery, where 3 cases
of lung cancer were seen (Lgken),  1n one of
these cases a squamous cell carcinoma was
associated with sarcoid lesions.

Goldblate and Wagstaff mentioned that so
far cancers of the respiratory tract have not
been noted among the workers employed at
the German nickel refinery ot Ludwigshafen,
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ner has there heen reported an unusual fre-

Queney of FeSPIEtory: enncers nonge the work-

ers of the Sudbury nicke] ore nines and smel(ers

in Canada, althongh severd cases of nasal sinus
raneers were recently seen in o Canadian

Bickel plaqi,

Amor pointed out 1hay tie majority of indi-
viduals employved at Clyvdach who developed
rcspiru.tory CANCCTs were noi, exposed to the
mhalation of nickel curbonyl bt (o that of
nickel matie dust or dust from the nickel ma e
roaster (Loken).  More recent duta communi-
cated by Morgan confirmed this observation,
although vxposure 1o nickel earbonyl vapols
had occurred more frequently among the al-
fected workers than Was apparent from the
data, previously  given by Amor. The rela-
tively high incidence of cancer of the nasal
cavity indeed suggests that a rather conrse par-
teulute dust readily arrested at (he region of
the turbinates may have been active in the
production of cancers ay this particular site,
while ni('kt\l-('(mtn.ining Vapars or u very smyll
Particulate dust most likely account for (e
cancers of the luug and nasal sinuses.

As 0 the causative agent, various theories
have heey advaneed.  Amor favored the con-
cept that the inhalution from arsenic-containing
sulfuric acid used in the refining process was
the active carcinogenic agent, 1y js most
unlikely that this is correct because the nickel
refinery workers do not. suffer from perforated
nasal septa and display no evidence of chronic
arsenicism such as dermatosis ang cutancous
cancers, which almost, always have accompanied
the oceurrence of lung eancor among workers
exposed (o arsenical dusls o fuimes (Hueper).

Amor stated (hat (he refined nickel-copper
ores are free from radionctive matter,  The res-
piratory cancers ohserved among nickel refinery
workers thus are not dentical in cliology with
those seen in miners employed in the radionctive
mines of Schneeberg and Joachims(hal,

Worlkers employed ay the rouasters, in e
nickel carbonyl operation, and in other parts
of the plant, on the other hand, become exposed
to the inhalation of dust, fuines, or vapors con-
taining nickel.  Nickel is the common denom-
nator for all of them. Iy thus is most probable
that the respiratory catcinomas observed among
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nickel refinery workers are reaction productg]
tore or less finely dispersed nickel particleg
vapors.  There is 1o evidence available, pod
ever, which indieates that the inhulation’é_
nickel in particulate op vanorized form i5
companicd by pulmonary changes of g Pneyg3
coniotic nature, 4
The concept of g nickel ctiology of respiratg
oancers was tested in animals by Campbell, +]
eXposed mice 1o the inhalation of powdes
nickel matte and observed that these anitng
had a lung tumor incidence signiﬁcant.ly higl
than that of the uncxposed control mice, ¥
recent experiments of Hueper seem 10 deméy
strate more conclusively the carcinogenic ppof
crties of metallie nickel.  YWhen pure metalt
nickel powder was implanted into the femay
and pleural cavities and subcutaneoug tissue
175 rats, caucers developed at the sjte of inj
tion in 50 of them, .
Whether or not nickel assimes a carcinogey :
role for eancers of olher organs and followig
exposures by other routes is uncertain. It g
be mentioned, however, that Araki and My
demonsirated, by spectrographic methodg
nickel in human and snimag) cancers of variog
[¥pes and sites.  The nicke] content ranged frgg
6.273 mg. per kilogram of frosh tumor tissuo 4
0.2 mg./kg. -
No assessment of the degree of occupationg
nickel cancer hazard can be made from the g
available since the number of workers at isk
unknown, Likewise, no definite opinion ¢
be expressed as to the possible cxistenco i
extent of respiratory cancer hazards for pe
having for other reasons contact with d

fumes and vapors containing nickel or its g i
pounds.

CHROMIUM

Chromium as a metal, alloy, or compound
used for muny purposes in industry. It is

this reason that g large number and variety ¢
workers have contact with chiromium and ek I
ntium compounds and thateven restricted SrovpEl ¢
of the general population may possibly -} b

come exposed to these agents in the form of d
vapor, fumes, mist, liquids, and solids (Bo .
and Rushin).  Workers most, likely to be
posed to chromium and ils compounds
acetylene workers, aniline workers, bleach

Environmental Causes of Cancer of the
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- Wpropriate when contemplatin

& tpecially ¢l lung,

pleprinters, elwome workers, ehrominm laters,
chromate manufacturers, ehromie m ners, eray-
on makers, dye workers, clectroplaters, ennmel
werkers, glass and potiery frosiers, glass eolor.
ers. pottery glazers, artificial flower makers,
' fattery makers, linoleum workeys, paint mak-
ors. ink makers, painters, photographic work-
as. pholoengravers, polishers, printers, rubber
sorkers. steel workers, tannery workers, vul-
enizers, waterproofers of toxtiles and paper,
sdders. users of chromate anticyst agents in
iload engines, automobiles, steam heat in-
aallations, and bilumen and oif refineryworkers,
An environmental alinospherie contamina-
- dien with chromium  compounds may result,
from the release of ('hl'omium-(-ontnining indus-
wial wastes ol chromate plants and of oil
wineries using a c}u-omium-contniningz silica
atalyst for the catalytic cracking of oils.  An
ewironmental spread of chromates may
lllow the use of suelt compounds
tenls in automok”™ - end for anticorrosive
coaling of airplanes,  Sincee many of the
mdustrinlly used chromium compounds exert
s corrosive action on Ussues, skin contact
ind’or inhalation of such agents results i the
deselopment of chrome uleers of {he skin and
rasal septum which in gurn provide delinite
asoof of an existing health hazard. Com-
aeuting oo the appearance of such manifesta-
tans among workers in new industrics using
rhzamium compounds, the Chief Inspector of
Factovies of England and Wales remarked in
Sis report of 1944 (hat “the control of old
tazards in new industries is of interest (o others
s well as to (he student of industrial health,
for it would seemn that in many cases the hazard

also
as antirusting

_ ¥ et recognized nudjl dumage to tissue has
~leen done, when ol principles have to be

menrnt and adapted Lo new uses.”

This reflective observation scetns (o be quite
g the possible
wlence of respiratory  cancer hazards  for
dividuals employed in the numerous indus-
operations for which no pertinent pub-
hdied duta of any kind exist at the present time,
The observation of apparentiv oceupution-
omeeted cancers of (e respiratory organs,
has been limited so far
%0 typos of operations, the production of
™mates from chromite ove and the manu-

Pblie Ficaly, Monograph No. 36, 1955

factiuee of cortain chromium pigments (zine
chromate, bariun chromalte, lead chromate).
In these operations, beth water-soluble and
insoluble cliromium compounds are intwled by
the exposed workers, The chemical nature of
the actual carcinogenic agent which is respon-
sible for the excessive liability of chromate and
chromium color workers 1o eancer of the lung
isstill controversial,

Although all investigators believe that some
chromium compound or compounds ave cnusally
involved, it lms romained uicertain  whether
the comipounds suspected  are hexavalent or
trivalent, waler soluble or insoluble, mono-
chromates or dichromates,  Water soluble
chromium  compounds (monochromates, di-
chromates, wd zine eliromatle) are most often
ineriminated,

Manenso and Hueper recently pointed out
that it mav be maore likely that carcinogenic
effects are elicited by chromium compounds
which are cither not soluble in water or are
only slightly so, beeause such chemicals, when
whaled a3 dust, would be retained and deposited
in the lung and thus exert prolonged effect
upon the pulmonary tissues. Such chromium
compounds present in a chromale plant would
be represented by chromite ore and its early
conversion products preceding the formution

ol monochromates. These litile water-soluble
trivalent chromium compounds occur in the
matevial present in mixers and roasters and
ave contuined in the slag which usually is stored
for futire use in the vard aven of the plants.

Supporting this concept as to the chemicul
nature of the carcinogenic chromium compounds
is the fact that workers as well ag animals ex-
posed 1o the inhalation of chromite ore dust
hinve not only a high chromium content, of the
lungs but also an excessive blood chromium
level (Maneuso and Urone).  Recent experi-
Ieats on rats which inhaled finely powdered
chromite ore dust showed that after 18 months
a cheomium level of 13.0 and 17.0 gamma, re-
spectively, in 100 ce. of blood was found in 2
rats studied. This finding, morcover, definitely
establishes the fact that a fraction of the chro-
mium contained in chromite ore is solubilized

i the pulmonary tissues and discharged into
the blood. '
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satesenat suppurt o1 8 causal role of (rivi-
lent: compounds may be derived from the o-
servation that 10 of (e
with lung cancer reported on by Alwens and
donas in 1938 were not employed within (he
mannfacturing buildings  or
or maintenance workers
driver, welder, m

20 chromate workers

Were ropiir nen
(blacksmith, glazier,
“manufacturer of sulfuric and
hydrochilorie aeid. produced in o nearby huild-
ing).  While all of them probably had some
UXposure (o chromates, il iy likely that their
contact with chromite ore dust or witl, dusi
from the slag Leaps containing more or less
“insoluble” ¢hromium compounds was much
maore pronounced (Maneuso ; Urone and
Bourne and Yee; Buckell and Harvey).

As the result of the retention ol “insoluble”
chromiun compounds in 1he luny tissues, there
ilevelops u blackish spolty pigmentation and o
spotty fibrous thickening of (he
and interstitial tissue where the
partieles are deposited,
condition called che
Andriev

Anders:

peribronchial
chromium dust
This pneumonconiotie
omilosis was deseribed by
skaya nud Mistavskaya in ehromite ore
miners, and by Lukanin; Letterer, Neidhardt,
and Klett; and Mancuso and Hueper in ehro-
mate manufacturers. [t wag produced experi-
mentally in rabbits by Lukanin, Letterer re-
ported a chrome silicosis in o polisher in
iron foundry
oxide dust.

a
whe inhaled silica and chromium

While the attempts of Gross and Koelseh
and of Campbell 1o produce lung cancer in
mice by exposing them (o chromate dust wore
unsuceessful, Schinz and Vollmann, who im-
planted powdered chromium metd into the
femoral cavity of rabbits observed after more
than 3 vears. 1 animal with eancer of the lunge,
and 1 with ennevr of 1he femuy,

Tabhl

© 22, Age distribution of cases of ¢

Type of worker

H
American chromate___ .. :
German chiromate.

German chrome piginent

26

hromium caneers

] l _______ -
f | 61-70 | 71-80
e R
s g
3 T
5 | 31

It is definitely surprising that an exc
liability to lung cancer has been established 3
fur only for chromate workers in Germgg
(Pleil; Alwens and Jonns; Teleky; Cacop;
Ciross and Koelsel ; Alwens, Bauke ang Jonj,"
Lehmaan: Martineek; (iross; Koelsel; Alw
awnl associates; Goldblatt and Wagstnlf) anii
in the United States (Machle ang Gregoriy,
Gregorins; Baetjer; Hueper; Mancuso g8
Mueper: Imprescia; Division of Oceupationss
Health, U, S, Public Health Serviee) ang g
chrome piginent. workers in Germany (Bagg
Gross and Koelsch; Letterer, Neidhardt g,
Klett).  Bidstrup found a single case of [y
caneer upon Xeray examination of the ¢}
of 321 chromate manufaclurers employeq
for move than 10 vears in English

plants, whily
no data exist on this point in regard to of

£ u
mate-producing or -consuming plants ig other i l;g
countries, such as Switzerland, Ttaly, sud @ re|
France, -l

Apuet from the excessive frequency of | .
tatieers among chromale workoers which, 4 ae

cording to American observat ions, ranges frop AR lui
13 to 31 times the normal frequency of lunyife fac
cancers among the general male population, ag gt the
oceupational ovigin of these cancers is strongly 38 or
suggested by the shift of the age distributio B pre
toward younger age groups. This is partiou]aﬂ“_
striking for the lung cancers present ambni‘: §
German chrome pigment, workers, since 50 per-3
ceat of the cancers affeeted individuals bef . -
the age of 40 vears, when lung cancers of ws:

known ctiology are relatively infrequent (able
99 o

2.

The quantitative data on the chromium col;-"
tent of various organs and blood of persons with
chromium lung eancer have been reported b
several investigntors (Alwens and Jonas; Let

s of the lung, acceording to type of worker

Age (vears)

Environmental
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“aad wre dusted
" glayed as wood preservatives.
; feture of giass,
“bonzing and paint pigments.
2ol cosmetic preparations {AMote).
- sad s rompounds constituie,

Mancuso and
noted a peenline

Kietts

:‘

3 .
dhper) Spannagel recontly
pavior of the chromum eoutent of the bload

Niedlmrd (oand

aripe in chromsaie workers before and after
hode\’Clol’““'"' of lung eineer.
hab in chromate workers the normal urtary

14 was foutd

,aclioll of chiromiun censes with the develop-
p of lusg waucer while simultancously the

chroniiui level heeomes elevated. "
dmm-mc(l, this observation may have distinet
?nipm’m“"'" in ennsal, melabolic, and dingnostic

ects. )
with the exception of 2 eses -1 eaneer of

e DAICS (Newnu and 1 caneer of the
aasillary sinus (Goldblatt and Whgestalh) the

was the exclusive site of FesPAFNIOTY CONCers
adeerved among chromate The total
sumbet of these eanecrs 18 al present wround
125 cases from all sources. Noue las been

wovkers.

ﬂ‘P“md s originating  from nasal  seplumn
wkcers. ‘
Chromiwm pueunoconiosis thus seetns 10

company the development of cancer of the
m in cheomate and chrome pigmenl mats
i is uneeriain, howoever, whether
the pmumonocnniuli<- process plays easentind
 modifying role in the speeilie eancerization
? eocess or whether it is merely a phenomenon

ol cotncilental covxisienee,

¥ ARSENIC

v

o Arseoicals represent hyproduct or waste
__";mducl of the smelting of many ores (copper,
" gine, silver. cobalt, antimony, irot, Lismull.
- wickel, tin, and lead).

" the stelter fumes and slag heaps. They are

Arsenieals are present

miensively produced and nsed, especially dur-
“ig pust decades, as insecticides, [ungicides, and

o yermicides (sheep and cattle dip, grasshopper
;-‘;_hil, rat poison}, as well as o herhicide, especial-
! iy for clearing railroad rights-of-way.

_ Arsenicals
we applicd ns sprays (0 orehards and vineyvards
{rom sirplancs upon cotioti.
They are em-
in the manu-
Jead-base alloys. dyestufls,
and medicina
Arsenic
according
sEnviroument and Health,”™ 2 health hazard

¢orn, soyhean, and potato ficlds.

dustries.
estimate of the nmomber
considering the toug, althoueds incomplete, list
of different ocenpitions eutling contaet with

1 IND vty

of expaosed workers,

arsenienks mven by Chamberlun, The estimate,
e rather consider-
exposed to
hy

morcover, does not melude
able number of persons who are
arsenieads for purely chvironmental reasons
aesenieahe with fomlstulls contami-
nated with asenieal secticide residues, by
constming drinking water polluted witl arsen-
jenls leached wto deinking wader supphies from
mine and smelter domps,or by inhaling wrsen-
into the air from lustrial
establishments or by small- or large-seade dust-
g operations of arscuical pesticides.

rom the publishied evidence, 1L appears thiat
nonoecupational contaets

ingesting

peds veleased

envivonmentad sl
with arsenicals have been responsible in reeent

decndos for (e majority of cases of chronie

arsenicisnt amd cutaneous arsenieal caneers
(Neubauer: Hueper: Arguello, Tello. Mavola

Bander: Nieberle:
\lontgomery and
andl  Kremen;
and  Sunon:

and Manzano: Butzengetger;
Hofmanu; Prell: Holmeuist:
Waisman:  Cannon Arhelger
Stpaube;  Bolmenkamp: Hanser
Gonnet: and many othersh.

While the eausal role which arsenie plays i
the production of caneers of the skin on the
basis of chronic arsenivisi of oceupational,
medicinal, or envivonmental origin has long
sinee boen firmly established, it s mther recentdy
that exposure Lo arsenicals has seriously beeu
considered as a principal enusal agent of caneers
of the mucous nembranes, suel us those of the
hronehi, stomaek, and bladder.  Tndeed, today
there exisls as yet only highly suggestive but
not conelusive evidence linking cancer of the
lung with an oceupational exposure to arsenieal
Jdust.  However, in alntost all cuses ol Iung
cuncer [or which sueh eluims weee made, there
oxisted stigmata of chronie arsenicisin the
form of arsenic dermatosis witloov without skin
caneers, The inhulation of arsencial dust aud
fumes induees rather frequently  the develop-
ment of perforated nasal septa as well us chronic
ieritative  comditions of the bronchi, thereby
erenting 2 sym[)lomuliu cancerigenic pattern
similiur  to that seen in chromate workers.
Under such clreunsianees, the existenee of a

- for 35,251 workers employed in Amenican - causal rolationship hetween caneet of the lung

._ Pablic Health Monograph No. 36,

1955 27




and chronie arsenicism appears to he

i reason-
able conclusion.

Chest and X-ray exmiming-
tHons of 40 workers emploved in an arsenic
saudter revealed a mill degree of pnewmoconi-
OSIS [Saupe),
Althaugh Saupe himself did not. discover any
evidenee of lung eancer among the workers
studicel-—even though they often were adllicted
by hyperkeratoses of the skin atel perforated
nasal septa—he eited the attopsy abservations
previously made by Schmorl on 2 arsenic
stelter workers who died from caneer of (he
lung  (Teleky).  FFrommel brielly  mentioned
the aceurrence of a caneer of the lung in a
taxidermist who used an arsenteal powder for
dusting the pelts of animals, Four sdditional
cases of lung eaneer in sheep dip workers with
arsenie dermatosis noted in one of these were
reported by Mervewethor, while Ifopkins and
Van Studdiford observed in a farmer living
heat - ecotton field sprayed wiih insecticides,
arsenieal dermatosis, epitheliomas and caneer
of the Jung.  The occurrence of 5 cases of lung
cancer (Merewether; Hopking amd Van Studddi-
ford) among only 24 individuals suffering from
oceupational arsenical dermatosis and epitheli-
omas caused Neubauer (0 wonder whether this
Is mere coincidenee, heeuuse only 2 cases of
lung caneer were observed among 143 cases of
medicinal arsenie cancers of the skin (Russeil
and Klabery, or whether under oceupational
conditions the irritation of the respiratory
triet by arsenieal dust was responsible  for
the phenomenon,
lenry, commenting on the occureence of skin
ancers among sheep dip workers (1910-23),
recorded 2 additional cases of lung
among 10 sueh workers who had
cancers. e mentioned, moreover, the pres-
enee of cancors of the lefi foot, abdominal
wall, and Jung in w furnnceman m a sodium
arsenite factory, Analyzing the mortality ex-
perience of a sheep dip factory, Iill and Fane
ing found that 7, or 3LS pereent, of the 92
caneers causing death aong members ol this
group were located in the respirsiory organs,
while 3, or 13.6 percent, were situated in the
skin.  There were during the period 191043
a total of 75 deaths from all cuuses amony
workers in (his factory. The proportionsl
exeess of cancer deaths was nainly attributable

Jaeers
cutanoeous
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t an excessive frequency of
lung and skin, which woere confined to y,
i the cheieal processes and werq

smong members of the general fig

vancers of g

a 3

Perry, Bowlor, Buckell,
eoncluded from the clinical evidence Obtailled :
that, after many years of exposure to ArSenipgl &
these sheep dip workers may develops, SqUAMmgqy K:
eell earcinoma in the bronchus, B
The most recent addition to epidemiologid{ :
investigations on arsenie cancer was magde % 3
Snegirelf and Lombard in studies of Caicey §
deaths among employees of several metallupg, -
cal plants of unidentified lype.  Of the 14
of 109 deaths from all causes recorded durpe®
the lust 25 venrs, 12 were due to cancer of oy §
sites, and of these, 6 wore located in the yp
The investigators concluded from this CVidengy-
that “tere are indications that biologicalty
the human vace made the adjustment o ¥
arsenic i he environment  a that only 4"
ravely, when associnted with other contribytig. §
endogenous factors such as systemic dis

or possibly factors such as radiation, it mey §

be eapable

of upsetting the biological equilih.
rum’’;

and fucther “(hat  the handling o §-
arsenic trioxide in the industry studied does &
not praduce a significant change in the cance | 2
mortality of the plant employees; hence othy:
factors in addition to arsenic must be cop
sideved  significant in the causal relationship
1o cancer.” k 5
In view of the fact (hat 50 percent of al g
cancer deaths among employees of one plautsun E
veved were caused by cancer of the lung, the §
obseevations made in fact slrongly suggest & §
careinogenic action of inhaled arsenic trioxide §.
upon the tissues of the lung of the exposed .
workers.  This interpretation of the dats of
Saegirelf and Lombard is supported by the £
high incidence of lung cancers among the §
population of several counties in Montam §
where copper smelters and mines were operated ‘§ -
for many years, creating an occupational and -§
environmental pollution of the atmosphere aod - §
soil with arsenicals, Prolonged inhalation of ¥
arsenical dust and fumes appears to produce £
an increased liability to cancer of the ilmt':
(table 23). 3
However, the existence of such connections } |

Environmental Causes of Cancer of the Ll'l:
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Lodge, 13,627 . Copper smeltiog S, oL .
. y‘:, Bow, 53,207 ... Copper mining S _____
Cascade, 41,499, ... . Copper mining, smelling
- gallatin, 18,269 ... Agricuiture. . R

"Number lung

i Male

Table 2b.  Latage cancer mneiality in several Moatana countics, 19478 (Lull and Wallach)t

i ' '

P Ananal inng

Pereent lung
e 1 ey vancer death
cancers . Total | ANCer e/ 100,000
. e Fotaly vancer ! R
oo Cdeaths : " i v
Q. , ‘: DS - s
male ; ‘ ; Male e TMale oo
R S NS SR, SUUSUN S
. i | i
200 0! 20 esizos a0id5TE 0.0
27 2 9 25002260 L3486 3.0
20 ¢ 5 25 200 | 12,7 351 46.3 12.3
1 0f 1, 81| 30, .0 52{ .0
! i | : l

——

1 Persotial conununication of unpublished data.,

per 100,000 population.

e 8l

]

[ gould be acknowledged only  when  there
*egsted at some fime clinical and, if possible,
Sstological and biochemical evidence of chronic
" senicisa.  1n view of the absence of any
wci evidence associated with chronic avseni-
s among the nickel refinery workers allected
by cancers of the nasal cavity, paranasal
" gmuses, and lung, and among excessive tobaceo
gnokers with cancer of the larvnx and lung,
ﬁ is most unlikely that exposure to arsenie
“dmt, fumes, and vapors plays any role in the
“poduction of respirntory cancers in members
o these population groups.

1IRON

. The extensive production and use of various
Sypes of iron and of diverse iron produocts offers
<fequent opportunitics for the mhalation of
i and fumes of iron and its various alloys

The deposition of iron oxide particles
% ot elicit in the luugs & progressive wnd

’

' also contains silica, producing then a
Werosilicosis.

¢ coexisicnce of siderosis and cancer of
5 lllng has occasionally been observed (Stew-

Health Monograph No. 36, 1955

1 The estimated crade death rafe for lung cancer among white mades in die entire United States in 1947 wasg

3 The workers emploved in copper ore wining and smelting inhale dust and fumes of arsenic conlained in the
d released as a byproduct amd waste product during the smelting process,

art and Faulds, 1 case; Drexfuss, 3 cases in
walehmakers; Vorwald and Katr, 3 cases in
hematite miners; Simons, 1 case in a blaster of
iron casts), 1L may be meutioned, moreover,
that Kennaway and ennaway reported a
2.25-fold incidence of pulimonary cancer among
metal grinders and that Turner aud Grace as
well as Campbell noted an excessive frequeney
of lung cancer among metal workers.

The most recent contributlion to the problem
of siderotic cancer of the lung was furnished by
Faulils, who noted that among 192 iron ore
miners coming to necropsy between 1932 and
1953 there were 17 lung cancers (8.85 percent).
Ehrhardt and Giithert, on the other hand,
noted that ved siderosis of the lung does not
produce a special predisposition to lung cancer,

The uncertainty existing in this respeet is
further illusteated by statistical data provided
by .. W. Brower, Deputy State Registrar,
Minnesota Department of Health, ou the num-
her of deaths from lung cancer among iron ore
miners residing in St. Louis and Itasca County
(total number of miners, 13,313) against that
of residents of Mionesota (population base,
2,082 .483). Theve prevails a consistently higher
lung eancer death rale for iron ore miners for
the 3-vear period than that noted for Minne-
sota residents (lable 24),

Iixperimental studies on animals exposed Lo
iron oxide and hemadtite, respectively, guve coa-
tradictory results as (o the production of lung
tumors. While Vorwald and Karr, using guinea
pigs and rats, failed to obtain lung cancers wiln
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Tuable 2. Deuths due 10 canecer of the lung among
iron ore miners il residents of  Minnesota,
(lBrower) 195031

. sbh rate per
Number of deaths Death o e

! 100,000

T e
i inne. | St Louisel (oSG Louis-

e ™| o |

. (l‘(l‘nt.' P Conuty 1F i’_m"f"‘ County

N i miners | enis ‘ miners
FOU AN e e —
10950 3IN 5 1 1.0 ! 376
1961 489 4 9.7 ¢ $0. 0
1962 . , 329 i 12 11,0 a0, 1
1953 ... .. 67 ¢ N 12,3 1), |
1954 . KRR 6 1.6 G0. 1

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

When the available evidence is viewed criti-
cally, it is still uncertain whelher nn exposure
to iron dust couveys an abnormal linbility to
lung cancer.  Although Wuarren aud Drake
recently concluded that the development of
primary carcinoma of the liver as u sequela of
hemochromatosis apprrently depended in part
on the intracellular deposition of iron, such
considerations may not necessarily be applicable
to pulmonary siderosis and cancer.

However, thorough and comprehiensive epi-
demiological data on the incidence of lung
cancer in workers exposed (o iron dust are not
available. Henee, a definite conclusion on this
problem must be withheld. The availability of
conclusive information on this point appears to
be urgent, in view of lhe suggestive evidenee
recorded by Faulds and because of the fact tht
damages have been allowed in the past. by eourt
action in ut least one ease of cancer of the lung,
in the production or aggravation of which the
inbalation of steel dust was alleged (o have
played a significant role.

BERYLLIOM

BeryHium is a metal which has found signifi-
caunt industrint use only since ubout 1920. 11
was not until about 1940 that bervllium and its
compounds were extensively emploved  for
numerous purposes and products (beryllium-
copper, beryllium-aluminum, and beryllium-
nickel alloys, glass, phosphors in fluorescent
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lamps and neon tubes, atomie CRCIEY Prgqye]
rerumies, velenctories, Xeray  tube “’iudﬁ-'
vitreous cnamel, radio tubes, textile fiberg o'
mantles), It is evidently for this reason ’l'
untoward eflects in persons exposed (0 the;
halation of dusts and fumes of berylliyp,
its various compounds have been recopn;
only during the last decade. These MaNifeey
tions were of both acute and chronic Nature o
far as the respiratory organs were CONCErTY
(acute beryllium pneumonitis, chronie
mocotiotic granulomatosis, I)crylliosis), Sone
wvestigntors used the term “sarcoid” i de
seribing the histologically peeuliae, puly
manifestations. Tt is remarkable mg
that chronic berylliosis has appeared
amotg exposed workers, hut also amoupg
sons living in the neighborhood of fluores
lamp factories and inhaling their bervlliym,
coutaining effluents (Bisenbud, Berghout ay
Steadman; Eisenbud, Wanta, Dustan, Sy,
man, Harris, and Woll)., .
Similar observations on occupational bervl,
liosis were reported from Germany, Ita.ly,
England, Russiz, and Canada. Not intfre.
quently, similar granulomatous lesions bare

teovmy

et

been observed in other parts of the body afte |

the usually traumatie introduction of berylium

dust, especially of beryllium phosphors from -
The skin of the

broken fluorescent tubes.
fingers and hands was the most frequens.

extrapulmonary location of these reactions, §

Beryllium granulomas have also been found iy
the nose and in the anterior ocular structure,
[t is noteworthy that beryllium apparently
once inhaled is retained over a long period of
time in the human body, since beryllium has
heen deteeted in the urine up to 10 years after

cessation of exposure (Klemperer, Martin, and-

Van Riper) and has been demonstrated in the
lungs of rats 1 year after the inhalation of
beryllium  oxide (Dutra,
Hubbard and Roth) as well as in their bones
(Stokinger, Steadman and Root; DBarnes),
where it may replace calcium. The skeletor
retatns the bulk of the beryllium in the body
(50-80 percent) if the inbaled aerosols sm
soluble compounds, such as beryllium sulfsie
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":Q";{ldridgc, Burnes, and Denz, woreover, have
wen that Derviiium itons react rapudly with
i tissue proteins and form complexes with
t i ma proteins when introduced nto the
- These complexes proteet the beeyllinm
peing precipitated by phosphate ions.
. The metabolic peculiarities of beryHium com-
T nds obtain special importance in view of the
that Gardner it 1946 vreported the produce-
oo of osteogenic sarcomas in rabbits injected
 giravenously with insoluble beeyilivi-contain-
g powders (beryllium phosphate, zine beryl-
Yo slicate).  Other  investigators  subse-
 qently conlirmed these results with the same
*‘] other bervllium  compounds  (beryllinm
apde, beryliium silicate, metallic beryllium)
rgmduced into rabbits by the intvavenous or
',_ﬁpimwry routes (Sissous; Barnes, Denz and
Kuons; Hoagland, Grier and Hood; Nash; Dutea,
argent, and Roth; Barnes).  The preparatory
S2ad for the sarcomnas was 11-24 months.
g~_(‘ommcnting on the successful production of
ieogenic sarcomas in rabbits after inhulation
"-bery]]ium oxide, Dutra, Lurgent, and Roth

i

@iad the fact also that the bones of persons
bdeine with berylliosis contained not inconsider-

o

oy

A

Wl smounts of bervllium,  They came to the
Fhlowing conclusions: “During the last 20
fars, considerable numbers of persons lave
g exposed to dusts of poorly soluble com-
fends of beryllium in various industries
w; out the United States. Despite the

Pt (hat cases of cancer of this type have not
Wes reported, it is possible that the inhalation
4 poorly soluble compounds of beryliium may
wtuate in osteogenic sarcoma in man. Pre-
Siably, the incubation period of such tumors
pgld be considerably longer in man than in
,4'_“, and observations may bhe required
¥ & period of years before it will be known
et persons who hoave been cxposed (o
fum are prone to have such tumors.”

wtoard also suggested that osteogenic sur-
from compounds of beryllium “might
§ be another industrial hazard.” So
¥ rabbits have responded with the devel-
L of osteogenic sarcomas following the
mstration of beryllium compounds. The
A mtroduction of powdered beryllium metal
the femoral cavity of rats, into the pleural
»and into the paranasal sinuses failed to

oy e
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elictt, 1t single neopiastic response at the site of
injection in any 1 of the 85 animals used within
an ohservalion period of 2 years (Hueper).

When in 1948 Hueper proposed that the
savcois] pulimonary manifestations of herylliosis
might be followed by outright malignant lesions
in the lungs, this suggestion was received with
a great deal of skepticism. The recently
reported successful production of bronchogenic
carcinomas in the Jungs of rats which, over
perivds of more than 1 year, inhaled dust of
soluble and insoluble Deryllium  compounds
(Vorwald), however, makes the appearance of
such delayed malignant sequelae in man a
distinet possibility, especinlly as scveral cases
with coexisting bervlliosis and cancer of the
lung have reeently been observed (Kablaw).
In view of the established occupational as well
as general environmental occurvence of human
bervlliosis, it may be pointed out that the dis-
covery and identification of this pneunwconio-
sis was definitely facilitated by the distinetive
and definitive histological fealures of the dis-
ease. I these manifestations should be fol-
lowed by the development of cancers of the
bones and lungs, the establishment of causal
relations belween o previous exposure o beryl-
lium and the subsequently appearing cancerous
veaction would appear to he rather casy.

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

Organic Chemicals
COMBUSTION AND DISTILLATION PRODUCTS OF COAL
The apparent innocuousness of coal and,
possibly, graphite dust as respiratory carein-
ogens is not shared by the incomplete combus-
tion, distillation, and hydrogeuation products
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of conl (piteh, tar, soot, creosule oils, anthracene

ails. tar oils, atd highly viscous oily and tary
[raetions obtained by the direel hydrogenation
of coal employed by the Bergius processy. "The
carcinogenic action of these combustion aut
distillation produets of conl on man and experi-
mental animals has been established beyond
any doubt.  Although the bulk of the casuistic
and epidemiological human evidence of ocoupa-
tional coal tar and piteh cancers has come from
Eungland and Germany, it cannot justly be
assumed that American-made coal tars, tar oils,
cveosote oils and pitches differ fundamentally
in their cavcinogenic properties {rom  (hose
mannfactured asbroad. The exposures sustained
by the numcrous {ypes of American workers in
a greal variely of occupations amd operalions
do not seem 1o differ from those found for their
Turopenn collengues, nor are the carcinogenic
offects on the skin of these workers at varianee
with European observations.

Howoever, in addition to skin contact with
these products of processed coal, there exists {or
some groups of workers a considerable exposure
to theso agents in the form of dust or fumes (lar
distilleries, tar paint, shingle, roofing paper,
paper conduit, and baltery case manufacture,
aas works, coke oven operations, roml construe-
tion and repair work, roofing, brickmaking,
foundrics, furnace attendance, railway engine
driving, roundhouse operations, pickling of
lumber, chimney sweeping, cork brick manu-
facture, clectrolytic metal production, and soon).

Since the high boiling fractions of synthetic
oils produced by the direct hiydrogenation of
coal through the Bergius process have been
shown to be highly carcinogenic to the skin
and/or subcutancous tissue of mice amd rats,
respeetively, certain iypes of workers manu-
facturing and using such products and inhaling
fumes or mists of these carcinogenic petroleum
and tar oil substitutes may have a special lung
cancer huzard. Manufacturing plants using
the Bergius process have heen operative for
some 20 vears in Germany and have recently
heen constructed by several industrial concerns
in the United States.

Not only the environmental, but also to a
ereater degree, the occupational inhalation of
dust, soot, and fumes produced by the ineom-
plete combustion of coal results in the develop-
ment of a “soot lung,’' called bituminosis,
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which is characterized by the deposition
finely dispersed carbon particles cOntamingy
with hydrocarhbons normally contained in g,

e in o the interstitiak lung  Ussue. Roey, f.

cenological changes may appear in the Iy,
after many years of exposure to high conges,
(rations of soot in the air inhaled.  While y,,
pulmonury deposition of small to modery,

amounts of soot in the lungs, such as is cog, §

monly found in inbabitants of industrializy

regions, does not clicit any appreciable fibgog ¢

proliferations, massive storage of soot partig,
in the lung tissues may finally be associaiyg
with an increase of the interstitial connectiy,
tissue and with pseudoglandular formations o
peribronchial alveoli.

The human cvidence relating exposure
cond tar and pitch dust and fumes with
inereased liability to cancer of the lung is ny
exlensive and is in part controversial.

The human evidence relating exposure to cod
(ar dust and fumes with an increased liability
to cancer of the lung is equivocal. Kennaway
and Kennaway stated that ‘“coal lar in the
atmosphere, whether derived from roads, domes.
tic chimneys, or any other source, does not
cause an exceptionally high incidence of cancer
of the lung.” A similar statement was made
by Hugouneng and by Husted and Biimana
in regand to the liability to cancer of the Jung
for workers employed in the tar industry sod

in the construction and maintenance of tarred §_ recently

ers. Of

roads. MeLoughlin did not find any jueg
cancer among 3,059 foundry workers subjected
to clinical and X-ray cxaminations, although
there were 3 deaths from lung cancer among
64 deaths from all causes. Menz recently
reported that of 93 workers in Swiss gas plants
who died during the 1926-46 period, 21, or 224

percent, died from cancer of all sites, thereby .

confirming previous English experience that
workers in tar and pitch operations have s

excossive liability to cancer in genersl. Iv- |

lated obsorvations of lung cancer in worken
exposed 1o the inhalation of tar fumes were
made by Koelsch (blacksmith, tar workes),

Rodenacker (briquette factory worker), and

Miillschitzky (tar worker).
In an analysis of lung cancer deaths among
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hcot»hcl‘ hantd, noted that an above-averge
100) fung caneer frequency existed for the
lollom'ng oecupations: g_vaslmusu workers, 129:
stokers, Z84; gas prodincers, 202 srusworks
qane operators. 1381 gasworks auperintendents,
; printers, 119 climney sweeps, 1193
holt workers. 1G4: metal polishers, 174
pters, 1200 tanners. 141 street cleaners, 1643
wad automoblic deivers. 149, They recorded,
“porcovers & nincfold inerense of lung eancer
ygpong. employees of & Canadian gas plant.
ig‘:.\ddilionul supporting informalion was pro-
§*‘d"d by the abservations wade smong Japanese
spenerator £08 oven workers employed in steel
{s aid qmong rashouse retort wotkers in
" Canada and Eagland (Kawahata: Kuroda and
“Fawabata; Cruickshank: Doll). The Jupanese
“grestigntors found, within a G-vear period, 21
s of lung cancer among generator oven
yetkers who were exposedl to the inhnlation of
b»f_')o( wr fumes when stoking coal. An excessive
e “Yng caneer rate was absenl amoug workers
gzgploycd in other parts of the steel mills. The
:spaueral incidenee of lung cancer wmong the
‘f—?;grnnrntor gns workers was § per 1.000 workers
%:@Pl"}'(‘d. Seven of these 21 lung cancers
saecurred N workers aged 40 years or younger
> {33 percent against 18 pereent in ervptogenetic
ih\g eancers) (Hueper). The exposure time
yaried from 9 years o 23 years, the average
-feing 16.6 yenrs. Similar observations were
'I";,'tt«ml}' nade among Canadian gashouse work-
Co. Of 14 cases of cancer among relort house
“workers, 6 were due to cancer of the lung, 1 1o

;‘;mr of the larynx, and 1 to cuncer of the
‘whmoid sinnses (57 pereent were Cineers of the
wpper and lower respiratory tracl).
% Iislikely that similar lung caneer invidence
5ty may exist amnong American (ar workers.
{_';thing u visit to o tar distillery where some
+ 4.8 skin enncers and uore than 80 pitch warts
. iﬂi beenn observed among the 300 workers
A_;_’émng an 8-vear period, there was found 1 cnse
“ dlung cancer. Subsequent inquiries made by
' mapany oflicials brought the number of lung
; acers in this and other tar operations to 6
1 -0 of cancer of the luny.
iyom the evidence available, it appears that
9& m!m.lntion of tar fumes sustained by workers
," eerlain operations (coke oven, gene lor gus
) ;ﬂ__““ls. gas plants, tar distilleries) seem to have
5§
:

me § Pk Health Monograph No. 36, 1955

an exeessive liability to eaneer of the respiratory
(eaet, 31 s not unlikely thatt 1 wore thurough
and competent anatlysis of the death records of
other worker grotps, which haye so fae been found
(o luck such tendeneies, might extend the types
and number of tar vl pitele workers having an
abnormaily high POSPIFRIOIY  CUNeer rate. A
recent observation of lung cauncer in o worker
expased (0 healed pitch and asphall points to
another source of oceupational pulinonary tar
ancer of delinite practical importanee (Patehy).

PETROLEUM, siHALE 011, AND NATURAL GAS

The carcinogenieity of certain high boiling
fractions of petreleum and oil shale, as well as
of the combustion products of some of these
petroleum depivatives, such as o0il shale and
natural s, have definitely been demonstrated
nol only on experimental animals but also on
workers developing cancers of the skin after
prolonged contact with these agentls. JKnown
carcinogetic chemicals, morcover, have been
isolated from these petroleum derivatives 08
wal) as their combustion products (Berenblum
and Schoental; Fischer, Privstley, Eby, Wanless
and Rehner; Fall, Steiner, Goklfein, Breslow
and 1vkes; Waller; Rehmer; Kotin and as-
sociates.)

In addition to skin contact with earcinogenic
petroleum derivalives many workers are also
exposed for occupational reasons Lo an inhala-
tion of oil mist or fumes (workers in paraffin
pressing operalions, cortain groups of oil refinery
workers, spinners, metal Inthe workers, foundry
workers, metallurgical workers, printers, and
soon). Inspite of this established occupational
respiratory exposure 1o petroleutn and shale
oils, there are on record only three cases of ol
phcumonia wnong such workers, although such
conditions have rather {requently been observed
after repeated medicinal instillations of mineral
oil containing nasal drops {0il aspiration pneu-
monitis or paraflinoma of the lung). In fact,
two cases of cancer of the lung apparently
developing on the Dbasis of a medicinal mineral
oil pneumonia have been described (Wood;
Sante). '

The occupational evidence available or pub-
lished on this aspect of cancer of the lung is
rather scanty and in part controversial. Ien-
naway and Kennaway found a relatively high
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ratio of laryngeal but not of pubonary cancer
o mulespinners, who inhale & mist of (he
carciniogente shale oil lubricating the spindles.
Southam soted that mulespinners oecasionally
develop mwltiple primary  eancers  involving
the stomach or the lung in addition to caneers
of the skine Seott, on the other hand. stated
that he had not observed a single ense of lung
cancer among shale oil workers.

Huguenmn, Fauvet and Bourdin, who ana-
Ivzed a series of 112 hing eancers for possible
ctiological factors, found that 18, or 16 percent,
were  melallurgienl  workers  exposed  to the
inhalation of nebulized lubrieating and cutting
oils. 8 were ehautfeurs, 5 were mechanies, and
Iowas an engineer. Huguenin and his assovi-
ates concluded that their observations indi-
ented an exeessively high frequency of lung
caneer among workers exposed 10 vaporized or
nebulized lubricating oil. - While the study of
Gafafer and Sitgreaves on cancer morbidity and
mortality among the male employees of an oil
refining company did not revesl any abnormal
linbility of the members of the occupational
group to cancer of the lung, this judgment may
lave (0 be revised, i least for certain types of
refinery workers, according to more recont and
serutinizing  observations.  Résch  observed
three primary caneers (skin, stomach and lung)
in a paraflin worker. Touraine and Bour also
attributed  the  development  of  pulmonary
cancer among certain worker groups to lubri-
cating oil mists, Such exposure conditions
may account also for the excessive lung cancer
wortality among male metal grinders observed
by Turner and Grace.

There is, morcover, some evidenee availuble
indicating that the inhalation of mists or fogs
of certain processed petrolewn oil fractions also
conveys an inereased lability 1o cancer of the
lung.  During a recent survey oun cancer inei-
deace among employees of a large oil refinery,
the surprising observations were made that
there was not only a highly excessive incidence
of serotal cancer among emplovees of the paraf-
fin pressing department but that incidence of
cancer of the lung was also excessive.  Paraffin
pressers, who represent about one-tenth of the
total employed worker group, furnished 56
percent of the hung cancer observed,

Sinee soot as u waste or commercial product
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has been found to be earcinogenic and to coy "
known carcinogenic hydroearbons, o thorgymd
and competent snrvey of occupational groy
prticularly exposed to the inhalation of

(operating railroad personnel; stokers; carbg
black manufacturers; rubber, paint, ang ik
nrkers; painbers; soot hurners; printers; diese['
engine drivers; carbon electrode manufacturyys
and users i aluminum  plants; smudge po 3
operators; phonograph record makers) i g2, PF
urgent neeessity.  The  negative conclusionHE-
reached by Ingalls as the resull of a survey o 3
the earbon black industry are bused on evige 0
ol dubious merits, heeause only 79 of the 677,
cvaluated workers have been employed for 19

phed

Years or more in the industry.  Sinee the majorgKe
ity of known occupational lung cancers have g
an average latent period of over 10 years: . °

Ingalls” conclusions are actually based on 793
living and active workers, Tt stands to reason 2
that an analysis of the death records of formes

carbon black workers may have told a diffepept'dF.
story, especially if the dingnoses were based op 85 dr
autopsy findings. Sueh investigations wo i R

also add to our knowledge as to the existenee - ®
extent. and type of bituminosis which might g . °
expected lo exist in workers inhaling fincly 3 t.h'
dispersed soot particles. P 3 h]n
At the present time, exposusd to tar, pitch ' cl'
asphalt, heavy fuel oils, lnbric:iting and cutting: 2 ;x:

oils, s00t from domestie furnaces, incinerator: 2%
. . . . bt d (y
industrial power plants, oil refinerics, sted®.
plants, metal smelters, carbon black factori

oil dumps and smudge pots, as well as exposue 3 :
to the eflluents of diesel and gasoline engines: % :
represents the most widespread occupational§ P
and environmental contaet with carcinogenie "?
mnterinl. - The specifie carcinogenic agents con- @ “.
tained in these carbonaceous matters are cortain 2" ;2
specilie aromatie hydrocarbons, which not incg b\‘
frequently are attached to carbon particles give g ac
ing rise, when inhaled, to bituminosis or anthrwg- m
cosis; or they are constituents of oily matt m
which. when inhaled and retained in the hung fo
cause oil pneumonin or paraffinoma of the lung: - op
Sinee pure anthracosis is not causally rolnie@ '
to cancer of the lung, the pneumoconioses ao- =
companying respiratory carcinogencsis by a4 re

matic hydrocarbons do not play a primary _; - D
essential role in this process, although théyk
pneumoconioses may lower the intensity a i

B
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rolottg the duration of the effvet of the speeilie
(srcillog""i" chemicals on the lung tissues,

since our civilization aid cconomie Bife has
peen buitt around the production and use of the
pasic carbonaceous substanees and their desiva-
(ives, ib does not seem feasible to attain com-
Jote prot-(-ct-i(m agsinsl  exposure  lo these
Mrcmogcnic chemicals with the preventive and
Pm[)hylu.ct-i(- engincering and sanitary measures
pmclivul and economical at the present time.
There is, however, no doubt that a great deal
panains (o be done in this respeet and that we
ov still rather Tar removed from having the
pasimal amount of possible reduction in expo-
are Lo the respiratory caneer producing hydro-
crbons contained 1 the various carbonaceous
sgbstances mentioted.

(‘arbon and Silicon {’olymers

Recent studies of English investigators (Hen-
drv. Tomer, Rose, and Walpole; Iendry,
Rose, and Walpole; Haddow) lave furnishied
¢ new snd inlriguing concept as to possible
combinations of earcinogens with tissue proteins
trough the postulated formation ol cross
finkages between cortain types of carcinogenic
chemicals and the macromolecular fibers of
chromosomies.  This  hypothesis was evolved
from evidence obtained in the stuly of carcito-
grmesis by nitrogen-mustards, diepoxides, poly-
dthylencimines, and related compounds. In
view of the fact that one of the various means
b which these substances may exert their
speeific action in the cells is through polvineri-
wtion, it is assumed that polymerized cpoxide
chains might interreact  with  proteins  or
mucoproteins of chromosomal origin, by cross
hukage with multipoint attachment, and there-
by eanse mitotic aberrations. The initial re-
" aetion of one of the epoxide groups of mono-
meric molecules with the cell component also
may start a process of polymerization by being
bllowed by & self-condensation of the free
epoxide groups into a polyethencoxy-structure.

These concepts are important in connection
with respiratory carcinogencsis for  several
rasons.  Since Oppenheimer and associates;
Druckrey and associates; and Zollinger have
down that a parentersl implantation of
verious  polymerized  plastics  (cellophane,

Public Health Monograph No. 36, 1955

potvethylene, polyvinyl chloride, polvinethyl
methaerylate, polvamide, Teflon, and others)
into ruts aad mice wre followed by the develop-
ment of sarcomas nl the site of deposition, there
exists the possibility  that the inhalation of
vapors, tuists, and dusts of the moenomers and
polymers of these and related chemicals for
occupalional reasons may create a respirntory
cancer hazard to ma.

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

ASTESTOS

Ashestos differs from  the ordinary  giant
molecular cervstalline silicates not only 1 its
chemical and physical properties, but also in
the anatomical aspeets of the pneumoconiosis
produced by it.  In contrast to the tridimen-
sional polymerized silica ervstals in which no
oxygen atoms are left careying charges to
attract positive jons, ashestos consists of giant
ibrous molecules composed of polymerized
silico-oxvpen letenhydra which are arranged in
chains or bunds (Parkes). Depending on the
origin of ashestos, the fibrils may be short or
long. Italian, South African, and Australian
asbestos (umphibils) consists of fibrillar or ra-
diating crystals of caleium-magnesiun silicate
or sodiun iron silicate (40 percent iron oxide).
Canadian, Russian, German, and French as-
hostos is hydrated magnesium silicate, which
contains small amonnts of iron oxide (5.75 per-
cont).  Canada furnishes aboul 75 percent of
the world production of ashestos. Canundian
ashestos. because of its long fibers, is especially
suilable for textiles.

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

It is asserted that inhaled asbestos dust pro-
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divces andwestosis only il e ehiaded Tdwas g

\ll“i:'il‘lil[\ fone In b absener of Hbeons
sirnetiee, the dasa 1< <itid 1o bae TR J“'h\’t'l'.\';
Vorwald, Durkan, ool Praoces Sivee (e

Lrreer el e armectind in he Lonelnoles
cGardner . the crandomatons restetions furm
peviinoncliokos libeons eutfs with sinnt eedis
sl ashestos bodies, These have o libeillar
core and an von staining proteiie or colloiedal
stheie avid sheath. Whether the iron i the
sheaths oviginates from the ashestos libers or
i derived Trom Blowd or s elements s
Ui comtroversinl. These two observations -
serve special mention beeause of (e apparent
dependence of eaneerons changes in the lupes
nee of ashies-
tosts and i view of (e possihiliny thar the
proteins ol the jung tissie may specifically
interreaet with free aronups ol ahe Glanentary

asbestos moleenles tDrnekiey and assoeintes).

ol asbestos workers npon the prese

The eoexistence of asxhestoss with eancer of
the hing was first reported by Lyneh aned smiih
in 135 (1 easen, They Tater vecorded 3 addi-
tional eaxes (Lyvneh and Simirh Layneln. Sini-
lar observidions have subsequentiy been re-
conled Tram this eountey isgoll, Bass, and
Angristo 1 ocase: Holleh pud Angrist, 2 rases:
and Homburger, 3 easesr: from Canada (Dese
meules, Rossenun, Gilrons, ated Nivais, 2 epses:
Cartier, 4 casos; Ronsseny. | cased; from Eng-
land (Gloyne, 17 eases: arrison, 3 CHSOS |
Mevewether, 31 eases: Cureton, 1 ease; Owen,
1ovaser. and from Germany (Nordmann, 2
easest Linzbach and Wedler, | s Horning,
Toease: Welz, 2 cases: Bilime, | epse: Damenie,
2easestand Baader, | enae)

Thus, there is at present o total of SN epses

of ashestosis caneer of (he lung on record, To
this number must perhaps be added the S egsos
of cancer of the lung complicated by ashestosis
which Kennaway and Nennaway diseovered in
an analysis of the death vertifientes of matles
registered  hetween 1921 g 1938, Eleven
additional cases of ashestosis eaneer of the lung

i oworkers in two Eunglish planis wep recently

reportesl by Doll. who felt from his statistical
analyv=is that there exists 2 lefinite cansal rela-
tian hetween these two eonditions ttable 25),

Merewether noted that the nean e of males
with ashestosis eaneer of the lung was 55,2

-
~y

vears (eange 22-72) and that their mean eX[H-
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SUEC Ume was 2001 vears frange 640), while ¢
mean age of female eases was 44,0 years (rap

.
R

A and their mean exposire fime was 4
years frange 0.5 AN), However, in many cag
theee clapsed a foue exposure-free jnlorval tan
ing from <everal months (o 20 vears before )
g caneer heeame mnifest (Wedler; Wyers

The age distrilition of ashestosis sancer .
the Tinge was:

Carep
tung
e (ycnrs, canee
AR -
Aot -]
1551 -
A0 -1
Wa-7H ...
—_
Tedul .- 5

Sinee lune caneer of nnknown eliology oceur
rather feequently Tiefore the age of 40 and sine.
26 pereent of the asbestosis caneers appeare
befare the nwe of 14, it sooms that thero existay
moderaie shift toward vounger age groups fg
eaneers associated with ashestosis of the lung

The expoxure time for ashestosis lung cancey,
exeliuding the seeies of Merewether, was: ‘

Fxposure timce (years) ﬂf:
-3 . e e e
=10, R e
=20

20 andd over.

Total _.... . ..

The exposure time of this series covers a wid
range (1-23 vears), indieating (hat Lype ane
intensity ol exposure to ashestos as well
perhaps au individual susceptibility to asbesto
st play an important role in determining th
thevelopment of this pneumoconiosis and therebg
the possibility of a secondary carcinomato
sequela in the hung,

There were 37 males and 15 females among
the 52 eases for whicl information on sex ek
available,  The wale:female ratio s thu
2.5:0. which represents a marked shift tows
the female “ide when compared with the usual
sex rtio of 3:1 to 10:1 for lung cancers off
unknown etiology. Equalization of carcinog
TCRle eXpOsUre as represented by asbestosis, {08
the two sexes. thus resulled in a (rend towa
equalization of liability 16 lung eancer. 3

It is of importance (o note that the mealy

Environmemal Causes of Cancer of the Lu g
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acluding 2 cases (benign strieture of esophamis and septicacmia) in which asbestosis was present but was

ught to have been a contributory cause of death,

(128 noncomplicated cases of ashestosis
ply 44.2 years (Merewether),  Oue may
ide from this observation thal some of
mdividuals appareatly died from asbes-
before their ung cancer had a chance o
op (Linzbach und Wedler).

ditional support for a causal relation
en ssbestosis and cancer of the lung is
od from the fact that Merewether found,
rg,i?ﬁﬁ cases of asbestosis observed during
46, 31 cases of coexisting cancer of the
((1.65 percent), while there were 91 cases
ag cancer with an average age of 594
 among 6,884 cases of silicosis (1.32 per-
which came to aulopsy. Wedler noted
ssbestosis cancer of the lung occurred in
gés, or 15.2 percent of 92 cases of asbestosis
hich necropsics were performed, whereus
sormal rate of lung cancer in awtopsy
nal was cstimated to be 2-6 percent.
nia, Voo -ald, Warren, and Cartier are all
:akeptical s to the actual existence of
sseessive liability of individuals  with
l{b@is to lung cancer, and Cureton and
Blirger are undecided on this question.
tf-gilvestigators, Lhowever, favor this con-
+gr. consider Lhe existence of a causal
¥ as highly probable or cstablished
ﬁyay; Merewether; Teleky; Nordinann;
é, Gross; Lecoeur; Smith; Saita; Woeyelio;
4eh ]t;,ud Wedler; Stoll, Bass, and Angrist;
).

B:histological types of lung caucers ob-

Ith Monograph No. 36, 1955

o
aneers of
SUANOUS

served do ol devinde essentially iu
relative frequency from those seen
unknown ctiology.  There were 22
earcinomas, 7 oat cell carcinomas, 4 anaplastic
avcinomas, and 6 adenocarcinomas.  In view
of the faet thal one of the Norwegian eases of
uickel caneer of the Jung was associated with
pulmonary sarcoidesis. 1t may be mentioned
that Skavlem and Ritterholf  reported the
combination of an ashestosis with a sarcoidosis
of the lung which, however, was not compli-
ated by a carctnoma,

Attempts have been made (o refute tie claim
of a causal relation between asbestosis and
lung cancer by determining the frequency of
pulmonary cancer amoung the total worker
population of the asbeslos industry (Carticr;
Vorwald).  Sueh a procedure is bound to give
misleading results.  1¢ is quite immaterial how
many workers employed in the industry develop
lung eancer. stuee un undetermined portion of
these workers doubtlessly sustains cither no
exposure or only a low inlensity exposure and
thus does not develop ashestosis of the lung,
which is the prerequisite for the subsequent
cancerous developtuent.  Asbestosis must be
considered as the essentiul stigma of an efTeclive
exposure. It is, moreover, necessary to know
the sex and age distribution of the worker
population studied and evaluated as well as to
know the duration of emplovinent and exposure.
A marked labor turnover in the industry is not
inducive for obtaining reliable information on
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the actual minmber of lng caneers and ashes-
tosis eases whiely mnay resubt from offeelive
exposives. Far o these  reasons, no definite
conelusions ¢ be drawn from the observation
ol Cartier, netmge 8 eases of lung cancer among
000 workers studied for 10 vears, especially
s the frequeney of ashestosis among effeetively
exposed warkers inereases with (he duration
of exposure (Bohmoe), Kennaway and Ken-
naway reported that 8 lung cancers mav e
found among 4,000 males of the age range
45~64 vears.

The evidenee on hand, at any rate, has con-
vineed  the West  Goerman Government Lo
make ashostosis enticer of (he lung a compen-
sahle disease (Tabershaw),

The experimental appronch to (he problem
has so far given equivocal results.  Vorwald
and Narr, using guinea pigs which were exposed
lo asbestos dust, obtained negative results.
Nordmann and Sorge ctployed mice for this
mirpose and claimed to have produced bronchio-
genic carcinomas with pulmonary fibrosis in
two mice.  This observation needs 1o he cor-
firmed before it ean e acerpted.

ISOPROPYL O),

Through the recent discovery of caneers of
the paranasal sinuses, Jarynx, and lung among
isopropanol manufacturers, the occurrence of
earbonpolymer eancors has probably heen ex-
extended to man, Isopropyl oil —the ¢rude
liquid from which isopropyl aleohol is distilied
and which is « slightly turbid. viscous liquid,
slowly turning, upon standing, Into a brownish
to blackish tarry material —contains polyprapy-
lene compounds as well as propylene ether,
whielt may be oxidized into propylene peroxide
and propylene epoxitle having o lendeney (o
polymerize.  Polypropyviene, merchandised  as
Opponol K, is used commercinlly as an oil for
cable filling,

Workers employed in sopropanol manufac-
ture have heen exposed (o the inhalation of
vapors, mist. and dusi of isopropy oil escaping
from leaky pipe conneetions, defeetive pumps,
and gaskets, or spilled on the floor at the oceur-
rence of breaks in pipelines during repairs
on pipes, pumps, and stills. Weil, Smyth, and
Nale reported that, between 1928 and 1950, a
tota) of 7 neoplasms alfecting various parts of

38

the respiratory tract (nasal sinuses, 4; |
2; and lung 1) enne (o observation aMong g,
einployees, or in 8.4 pereent ol thoge vh
worked more than § years in the iSOpr()pa
plant. 5
Five additional  cases woere observeq
another isopropyt aleohol plant, making g tottl: {
ol 12 cases, 7 of which involved the nge¥
sinuses, 4 the larvnx, and 1 the lung, It vl
ealenlated that the ineidence rate of cancep g
the nasal sinuses and larynx for the secong
group was 134.5 per 100,000, against o norme) X
rte of 6.3, and that the incidence of these cgp g
vers exceeded the expected incidence 21.3 tineg : g
From the evidence available it is likoly (hyy
these cancers as well as those associated wiy:
ashestosis belong to the new class of “Dolyme §
cancers.” 3
MUSTARD GAS g 3

The alleged carcinogenic action of war gu ]
poisoning figured prominently in the specily. §
tions as (o the cause of the inerease in lupy:
cancers  observed  during  the carly 19204 &
(Kikuth;  Brockbank; Klotz; Derischanoﬁ;.
Hinernmann; Reiche). Residuals of warfuy B
gassing were noted by Matz in 10 out of In§
cases of pulmonary cancer among Americay
World War [ voterans.  Four out of 64 casesf’
lung cancer, recorded by Brockbank, wen:
gassed baedly during this war, Maeklin noteq
thal war wmas boisoning oceurred in § percent

of 164 cuses of lung cancer among malw ¥

while it was present in only 2 percent o §-
soldiers without this discasc. Koelsch oo §
ceded that a fow cases of lung cancer exhibitd §
a doubtful ctiological relation Lo war gas injury,-
which was claimed to have eaused also two
cancers of the larynx (Spamer; Tilley). No
distinetion was made at that time as to the
particular chemical nature of the various gass
used during World War I. .

These contentions found little acceptance ot §
that time. From a carcinogenic viewpoint
special interest has to be attached to the various §
arsenic-containing gases, espectally Lewisite,
and 1o mustard gas (dichlorethyl sulfide). Tbe
arsenivel Ter gases, when inhaled, thcoretically
may not only cause nonspeeific chetmical damsge §-
to the respiratory tissues but also may produee §
there a specific delayed carcinogenic reactios,
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| gs that seen exceptionally after skin hurns
ﬁth {hese gases.  Cancers of sueh an origin
“pelong to the gronp of arsenic eancers.

LA possil)lc carcinogenic action of mustard
s UpoLl the bronchial mueosa, on the other
psod, MY be related to its cross-linking and
| t.djomimetic offeet, and may be identical with
“ihat demonsirated Lo exist [or experimental
‘gaimals exposed 1o several sulfur- and nitro-
fiustards of aliphatic and aromatic nature.
* pecording 10 thc. mentioned thoorcticu! con-
‘eepls, ihe causalive mechanism operative in
] hese camcers resembles in some respects thal
~ ogssibly active iy polyimer caneers.

", During the last few vears, three cases of
’wnclliogcnic cnrcinoma and 3 cases of Jarvox
“ancer were observed among long-term cm-
| dovees of the Japanese Army TPoison Gas
" Mapulacturing Plant on Okuno Tsland, where
“Lewisite and Yperite were made. Oue of these

workers wus 30 vears old nnd a second, 53 years
~od, All three suffered from chronic war gas
:':’oisoning due to countact with mustard gas
f%ﬁ"“‘“‘“ Hirose, and Mivanishij. 1n view of
% these observations, the distinct probability of
Zagrcinomatons effects upon the lung following
;;}xposurc (o mustard gas or chemically related
Swroducts deserves serious cousideralion.

S While the fundamental concept of “polymer
Heancers” is u tentative one and needs to be
pported by additional evidence, the available
5, data are sufficiently important to require serious
“ttention from both a seientific and u practical
Zoewpoint.  The rapidly expanding industrial
 production and industrial and general use of
+iyatured and synthetic podvmmerized substances
and cross-linking chemicals in plastics, films,
ubbers, rosins, adhesives, textiles, and so on,
brings a considerable part of the working popu-
ftion into direct contact with chemicals of this
Sype. [t seems to be advisable, therefore, to
;‘Ai;ﬂd:\' these population groups during the
L eoming decades for the occutrence of cancers,

% particularly  those affecting the respiratory

Géystem,

o S i

Radiouctive Chemicals

Up 1o some 10 vears ago, occupational expo-
re lo radioactive agents was limited to relo-
i{;ﬁ"d)’ small groups of industrial and profes-

~sional workers (miners and reliners of radio-
Metive ores, induslrial and medical consumers

of radionclive substances—gas mantle manu-
facturers. tuminous dial painters, rcdio tube
makers, physicists and their assistants, radiolo-
ists and their assistants). Sinee the advent of
success(ul atomic lission and the ready produc-
tion of synthetic radionctive substances, the
nmber and variety of individials who have
oceupational contact with dioactive matbler
have rapidly and greatly inereased (uranium
and thoriwm ove miners, smelter and refinery
workers, atomie energy plant craployees, mili-
tary personnel, and agricultural, hiological,
medical, chemicad, metallurgie, oil, pharma-
ceutical, and other industrial rescarch workers
employing radioactive isolopes, as well as
operators handling dircctly or indirectly ma-
{erials or technical devices giving ofl ionizing
radiation, such as radioactive slatic eliminators
(Silson; Berman and Frnest; Brvan and Silver-
man), sewage disposal workers, paper and
textile manufacturers, and so on.

It is an established fact thot cancers of the
skin, conneetive tissue, and bone and blood-
forming organs have resulted [rom excessive
exposures to radioactive substances affecting
the orgatism ov parts of it. by various routes.
There exists @ great deal of highly suggestive,
if not rconclusive, cpidemiological and experi-
mental evidence relating an occupational in-
hulation of radionctive dust and gases to the
development. of pulmonary caneers. Although
excessive medicinal and occupational exposure
to ionizing radiation (radium, X-radiation)
alone may produce . man and experimental
animals # fibrosis of the lungs (Kalbfleisch;
Doenecke; Belt; Dergmann and Graham; En-
welstad: Warren and Gates; Leach, Farrow,
Foote aml Wawro; Mclntosh; Warren and
Spencer; Widmanu; Bauer; Bauer and Schraer;
Tonges and Kalofleisch; Freid and Goldberg),
occupational exposure (o radioactive dust and
enses has often beent complicated by simul-
tancous inhalation of dust contaning various
metals (chromium, nickel, iron, arsenic, cobalt)
as well as silica,  Pulmonary cancers observed
among radioactive-ore miners, therefore, have

ez complicated in an appreciable nwnber of

cases by silicosis of n minor to moderate degree.

It is for these reasons that the radioaclive
genesis of the cancers of the lung noted among
these miners as well as among uraniuimn and
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randianm velinery workers has been doubted by
soie investigntors, whe felt that one of the
various nenradionctive metals or the silicosis
represented the main eausal or an important
contributory agent. (Sehinz; Lorenz: Selunorl;
Rostoski and Saupe) or chat the availuble evi-
dence did not provide absolute proof of a radio-
active genesis (Lacassagne).  Several investi-
gators felt that the lung cancers among the
endionetive-ore miners in Schneeherg and Jo-
achimsthal were prineipatly attributable 10 o
hereditary predigposition ereated by inbreeding
of the mining population (Macklin and Macklin;
Lorenz; Vesin).

The “mala metallorum™ eausing death at an
early age of the miners in the ore mountains of
Saxony was first deseribed by Agricola during
the carls paet of the 16th century and was sub-
sequently meationed by other investigators
(Henckel; Schelfler; Thiele). However, it was
not until 1879 that its malignant neoplastic
character was correctly recognized (lirting
and Hesse).  This judgment was, subsequentiy
confirmed by Cohnheim; Aucke; Arnstein,
Uhlig; Risel; Schmorl; Beyreuther: Rostoski,
Saupe wnd Sehmorl; Lange; Neitzel; Dohnert;
Baader; Teleky; Tlueck; Rostoski, Saupe,
and Schmorl; Thicle; Weber; Koelsch; Linde-
mann; Doubrov: Brandt; Brezina. Although
the miners of the uraninm ore mines in Jo-
achimsthal (Czechoslovakia) also were sullering
from o fatal lung discase similar to that observed
among the cobalt ore miners in Schnecberg,
Saxony, it was not until 1926 that the cancerous
nature of the pubmonary disease wmong these
miners was  recognized (Lowy).  Additional
coufirming evidence wus provided later by
Beutel and Waldrich; Ziel; Sikl; Saupe; Peller;
Pirchan and Sikl; Baader; Behounck and Fort;
and Teleky.

Evidence supporting u radioactive orvigin of
the lung cancers among these two groups of
miners was provided by the observation of lung
cencers among employees of radium refineries
and radium laboratories. Loéwy reported the
occurrence of two such cases among the workers
employed in the laboratories of the Joachimsthal
mines, where the ores are refined and the puri-
fied materid is tested. One of the cases had
chronic radiodermatitis, leukemin, and lung
cancer, A similar observation was recorded by
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Teleky and by Neitzel in a German techp;
of a radium laboratory., The CRIICCIOUS Jyp,?
wis found to he radioactive.  Four cases of Iy ‘
eancer have recently been observed, aceopgiy”
{0 Baader, among the workers eruployed in {
radinm ore processing plant in Belgium, Wheyy
the occwrrence of such complications wag il
viously said Lo be absent (Maisin, citing Delge 4
Perhaps the development of a bilatera] “]Veola: ;
carcinoma of the lung in & woman 16 vears aft
the intravenous injection of 75 ce. of Thorotreg B
may also supply suggestive cvidence thay | P :
eaticers may originate from radioaclive materid'. ;
used medicinally, when such materials heggmy:
arrested in the hwg. .
Mention may also be made in this connoctioi" -
of a report. of Martland relating the 0CCUrTengy
of cancer in the ethmoid cells in a lumingy
dial painter, and of two additional cases p. .
ported by Aub, Evans, Hempelmann, g4’
Martland.  Dial painters not only ingested
radionctive material which became (lepositedf'
in the hones and produced osteogenic sarcom, .
but they also inhaled this matter which, thm.ix
may have produced the carcinoma of th,
paranasul sinus.
The four cases of cancer of the lung recentlys
reported in an industrisl population at ap-
atomic pile site, however, are definitely no-f ‘v
causally related to any specific radioactive ex. 8
posures sustained by the workers concerned:$ - Sebr:
In these cases exposure and latent period wers 3§,
insufficiently long to cause lung cancer (Love). ¢
On the other hand, the argument that these &
workers were, in part, not directly concerned

: A . - ot Al
with radioactive materigl carries little weight: & achir
Doubtlessly, they had at times conviron'@ hLas
mental contact with such a material when the’ " num:

meteorologic conditions were unfavorabie foe s
the ready dispersal of radioactive wastes ab¥)
this particular operation. “3
In favor of an occupational and radioactive ‘g
origin of the lung cancers among the Schncebexg‘:‘; k' Schn
and Joachimsthal n’iners is, morcover, the fact. &

A & onst:
that the excessive Lability to pulmonary neo- 3 2 have
plasia is limited to the workers employed unders ¥ passi
ground and is absent among the worken. ¥ (Joa:

cmployed aboveground, and among the populs-:&" Beh
tion at large of Schnecberg and Joachimstba,»§ Lor
including the employees of the cobalt pigment:: It w
plnntusingbhoSclmcebcrgoms(Bauer;Schmoﬂl_.}. - of p
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1 excessive lung caneer atlack rate. also, has

oot beent found among the miners of the nearby
Johant G(‘m‘;_zon:wlmll' 1:«~ginn. where the mines
pave b Jow mdm.mm\'lly. There is, {urther-
gore, 110 valid evidence on record that miners
dmcnic-, chromiwit-. nickel-. and bismuth-

| ontaining oves e affeeted by lung eaneers at

, ale even remotely approaching that seen
among the (WO radiounctive ore miner groups,
The attack rate of lung cancer among the

 (neeberyt miners hag consisteatly been he-

qweell 79 and 80 pereent sinee IN79, while that
o the Joachimsthal miners has been stated (o
pare from 40 to 50 pereent.  However, ths

| eidenee rale may be oo low, considering the
receht statement of Baader, who noted that

during the p(‘riO(l 1939--13, a tolal of 180 cases

- of g cancer were ackuowledged as compen-

able diseases aml that in 1929 there were only
a3 miners employed at Jonchimsthal. - Consid-
erng the [act that the exposure and latent

ol of lung vcancer in Joachimsthal miners

- puges from 13 Lo 23 vears, it may justly be ns-

wmed that these lung cancer eases originated
@ a miner population ol approximately 300 1o
i members working at these mines between
1990 and 1930.  The exposure and latent period
o Schneeberg is stated to vary from 15 to 18
vears for the majority of the cases, but occasion-
dly to be as short as 7 years (Baader; Rajewsky,
shiraub, and Kahlaw).

The total number of Schineeberg miners who
died from cancer of the lung between 1879 and

1939, aceording to available records, stands at

yproximately 400, while (he number of Jo-
whinsthal miners who fell vietim to this dlisease
bas renched 225 (1926-43).  An appreciable

- amber of these wners died from lane cancer
“starelatively early age as is evident from the

dsta given in table 19 (page 16), which shows
the definite shift Loward younger age groups.
Measurements of the vadioactivity of the
Sehincebery and Joachimsthal mines have dem-
entrated that, in hoth places, mine air and dust

bave an excessive degree of radioactivity sur-

passing many times the maximal tolerance dose

doachimsthal 30 Gimes  (Peller); Behounek;
- Bebounck and Fort; Tschelnitz; Ludewig aml
larenser; Lange; Rajewsky; Stocklasa),

§t was sugeested that the recent introduction

- o preumatic deills into these wining operi-

j Pablic Health Monograph No. 36, 1955

tions aggravated the hazard by increasiys the
production of fine particulate dust containing
sohd racliom,

Repeated attempts have been made to pro-
dure cancers of the respieatory traet in experi-
mental animals exposed 1o the inhalation of
radium emanation andjor rudioactive mine dust
Sehmidinn:  Lowy;  Campbell;  Dobmert;
Kahlau: Rajewsky, Scheanb, and Kaktdau).
sSchmidunann obtained veither pneumoconiosis
nor pulmonary eaneer in animals exposed {or 2
vears 1o the inhalation of Schneeberg mine dust
collected Trom drill holes.  Campbell, on the
other hand, reported that miee which inhaled
dust of Czechoslovak pitehblende displayed o
sigmificantly increased number of pulmonary
tumors.  In experiments of Dohnert and of
Taeck, mice were placed in eages within the
mines.  Some mice developed moderate chali-
cosis, while pulmonary and mediastinal tumors
(adenomus, round ol sarcomas), in aldition
to an ocensional squamous cell metaplasia of
the alveolar epitheliun, were seen in an ““ab-
normally” high  pereentage of the  exposed
amimals.  However, the actual number  of
aflected animals was sinall, and the interpreta-
tion of the results as lo Lheir significance was
therefore diflicult.

IKahlan and Rajewsky, Sehranh, and Kahlau
subjected mice to the inhalation of radon.
Many of the animals  developed  bronchial
lesions eharaeterized by an atypical epithelial
living as well as by pulmonary adenomas (in
7 of 12 mice of the test series, against 1in the
control series).  While they concluded from this
evidenee that the radioactive origin of lung
eancers in Schneeberg und Joachimsthal miners
was conlirmed, it seems to be advisable to ccn-
sider the evidence obtained by these invests,
gators as highly suggestive, but not conclusivey
beeause great variations in the incidence rate
of lung tumors oecur among different groups of
mice belonging to noninbred strains.

Additional, mildly suggestive observations
have been reported by Lorenz, Heston, Eschen-
brenner, and Deringer us well as by Henshaw,
Riley, and Stapleton.  Both groups of investi-
gators foind that mice cxposed Lo ionizing
whole body radiation revealed, in addition to
Jeukemin and ovarian tumors, some increase in

the number of pulmonary uncoplasms. Of
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greater significance in this connection are the
findings of Lisco and Finkel, who found metn-
plastic and  neoplastic proliferations of the
Bronehial epithelinm in rats ithaling an acrosol
of radionctive cerium.  Similar resuits were
obtained  with  plutonivm  brought into 1he
iungs of rats. Ninee weanium ove miners inhale
not only radon amd radium dust. but  also
uranium, which may be retnined in the lungs,
Hueper, Zuefle, Liuk, and Johnson injected
smetallic urnnium powder dispersed in lanolin
into the pleural and femoral cavitios of rats and
abtained surcomas al the sites of injection in
Bior 24 pereent, of the 54 rats surviving the
minimal atent periodd of 6 months.  Evidenee
thus produced shows that feeal accumulations
of uranium, which is un alpha-radiation emitter,
may exert a eancerigenic  action upon the
surrounding tissues, but it does not diseriminate
between the influence of metal Loxicily per se
and radionetivity in the genesis of these lesions.

From a critical evaluation of the epidemio-
logieal.  clinieal, and  experimiental  evidence
available, it appears that a prolonged inhalation
of radivnctive gases and/or dust wmay clieit
pulmonary cancers in man (Martland; Evans).
[n eonunenting on the production of lung
eancer by atmospheric careinogens, an editorial
(Laneet, 1952) remarked, “radioactivity  of
Joachimsthal mines is stated 1o he 30 Gtumes the
olerance dose. Tt is searecly surprising, there-
fore, that in the pust more than half the miners
died of lung cancer.” It stands 1o reason that
this effect on the lungs of workers will prevadl
whevever similar conditions of expostre o
radioactive guses and dust exist.  The excessive
sticide rate observed in the past among the
niners in Joachimsthal (Sikiy aptly refloets (he
human misery produced if such  hazardous
working conditions are permitted to porsist.

While there thus can he little, if any, doubt of
the principal role of ionizing rudiation in the
production of lung caneers among radioactive
ore miners and similaxly exposed oceupational
groups, some comments on the possible signi-
ficance of pneumoconiosis in eliciting or nodi-
fving this cffect may be indicated.

Reports ou the occurrence of pneumoconiosis
among the miners in Schaeeherg and Joachims-
thal are coutradictory. While Sehimor] as well
as Rostoski, Saupe, and Schmorl in their carly
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reports (1926, 1928) noted thal Sclineg,

nuners suller from moce or less intenge ant} { "I
cosilicosts and that this condition was ¢, Ny h Whet
or favoring the development of the ])l‘onc‘ .;ﬂl“":f
canceers, Rostoski and Saupe stated in 19304 tbe ¢ y
phcumoconiosis was usually not very extengrfl l'f'f'
i cancerous lungs.  Because of the relagjy .‘d"“'
slow course of the pulinonary tumors, Rgg ol

atul Saupe felt that pneumoroniosis may g “h?\
the intrapulmonary growth of the L{lm f; whil

vy, '311“' r

Hucck, on the other hand, remarked 1 X . \
™ . < )
silicosis does not represent. 8 precaiiceroys L

dition for the Schneeberg lung cancers, Son °",’rcll;l
of the miners had silicosis but not lung cance & Jion
while others had tung canceer but not silicosis, :'.r“‘n('d

Simlar discrepancies seem 1o prevail gy, ‘;:;mc,

cerning the Jonchimsthal mivers.  Ziel ig s 3 pul:
reported  that marked silicosis QINONG oy gwdiml
miners is quite frequent and that ashed Jye {nmm
contain large amounts of silicon oxide, Pirchay § :,?«-l:i
and Sikl, on the other hand, maintained that ng ,-‘“;w(,,
pncumoconiosis could he found, in spite of u ¥

abundanee of pneumatic drilling, and tht! 7::\_:)‘&
puentoconiosis has no role in the productiop - the dv
the lung cancers.  This opinion was shareq ¥ sctive
Liwy.  Sikl, in his most recent COMMunicatiy '~noigll|
on the subject, stated that some degree of ;'and 0
fibrosis suggestive of silicotic origin could, ¢  supen
course, he seen in the caneerous lungs, and they . active
were single cases of marked silicosts combind § pments
with cancer. On the whole, however, silicose & (Lo Lic

wis not a prominent feature in cases of cancs
on the other hand, the lungs most hearily
affected with silicofibrosis were generally fre
from malignant growth. Behounek and For
noted that pneumoconiosis was recorded
the cause of death in only 8.2 percent of &
miners who eante 10 autopsy hotween 1929 ad §
1938, This statement contrasts strikingly witk
the observations made by Saupe during s Thu
chiest Xeray study of 398 Joachimsthal mioes § analy:
condueted in 1939, ke found that 43.4 pereest § - and o
of these miners presented roentgenologied ¥ enous
evidenee of pulmonary silicosis.  However, §' leave
silicosis was of minor degree among the 7§ occup.

P i

miners who were suspected of having pde ¥ genen
monary neoplasms, & conta

Althougli the data are in part contradictory, i For
it seems that silicosis does not play any sig-§ wive p

nilicant role as a direct or contributory causeﬂl_ = by ep
cancer of the lung among the radioaclive- - data,
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miners in Sclmecberg and  Joachimsthal,
ether it has an antagomistie elfeet upon the
[iZution Process ov modifies the course of
ﬁ(ablisll(‘(l eancer remains problematical,
Finally. it may be mentioned Gt these Jung
s vary & great deal in histological strue-

Y3 “ﬂ“‘
Many were squamous coll caccimomas;

3
.dwlS round eell or anaplastic carcinomas;
chile 8 few were of adenocarcinomatous type.

rulioactive hing cancers, thus, follow n

s § s rospect the general pattern set by all
e § et occupational cancers,
e rapidly growing produetion and use of
lionetive materinl and the thereby condi-
goond, mackedly increased exposure of some
sitedd worker groups as well us the general
X3 alation to gases, dusts, and misls containing
¢ §ndioactive mabler of long half-life doubtlessly
iy ¥ wpresents & potential respiratory eancer hazard
un § g serious proportions.  The attack rate of lung
agcer {rom such sources is very high, according
an B past cxperience with miners of radionctive
int fogs. Therefore, @ competent assessment of
A E e dogree of exposure to atmospherie radio-
bt Baive contaminants for worker groups ad
inn §pighbortioad populations of radionctive plants
of §.ad operations, and the continuous aund strict
A §mpervision concerning the amotunts of radio-
wtive effluents emitted from such establish-
wnts, are urgently necessary for safeguarding
gy health of these individuals,

ao

s F The comprehensive panoramic  view  and
-nv § aalysis of the total cpidemiological, medical,
ut § 1od experimentul evidence available on exog-
ral F'mous respiratory carcinomas and carcinogens
-f. 4 Jewve no doubt of the fuct that not ouly large
¢ §waqipational populstion groups but also the
al- 3 pnersl population have definite and prelonged
| molacts with one or severnl of these agents.
¥ f‘.‘for most of these agents, adequate conclu-
e ¥ #%e proof of their carcinogenicity is provided
¥ epidemiological, medical, and experimental
" i &, One of several specific carcinogenic

' Mlic Health Monograph No. 36, 1955

Table 26, Lateut perimids of enviconmental respira-
lory cancers, in months (flueper)

Cancer of ~

Nares andd

Aottt g nasal sinuses
: ; 1
‘Averngse ] Range :Average! Range
platemt wflatent latent ijoflatent
" period | period i prriod | period
UV AUV QUG UM PR
b R !
Asbestos. .o L. 1811548 L L.
Chromates  _....... i 151 547 i “_4,.--l.. e
Nickel. ... .. ... 22! (i-30! 1"y 3-26
Tar fumes._ .. . . 16 | W23 i
[sopropyl il .ot - 10 6~16

{onizing radiation. .. 2535 ¢ 7-')0_. 250 [9-32

Intensive studies nlso are needed for deter-
mining whether, through eadionctive fallouts,
the intinlation of highly radiosctive dust par-
ticles diffusely settling in the bronchinl mucosa
and producing there mintde foci of high inlen-
sity radiation may clicit delayed cancerous
reactions.  Sinee radiation cancers, like other
oceuputional cancers, have a long lalent or
induction period {(table 26), it is cssential that
all possible precautions be taken agamnst en-
vironmental contamination with radioactive
matter 1o prevent a possibly permanent con-
(amination of the human environmeat with
dangerous amounts of radioactive matter.

Comments and Conclusions

chemicals has been isolated {from several agents
representing variable chemical mixtures=fsoot,
conl tar and pitch, petroleum oils, gusolinii"and
dicsel engine exhaust). Wherever o definite
identification of a specific causal agent, such
as isopropyl oil, ashestos, and chromates, has
not vet been attained, the epidemiological evi-
dence based on an evaluation of cancer inci-
dence of relatively small, occupationally  cir-
sumscribed total populations at risk is sufli-
ciently reliable to prove the presence of an
occttpational respiratory cancer hazard causally
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demiological, medical, and o\p(-unwmnl datn
concerning these vespiratory earcinogens i test
their high carcinogenie potesey nnder oceupa-
tional conditions, particilardy when acting oo
haans, 14 s therelore reasonable to assume
that inhalation of the same agents, o nnoti-
wated fors as air pollutants, by the general
population is responsible for a considerable
portion of the lung cancers atteibutable to sueh
contacls,

If this cohierent and logical |)1ct1|u- presented
by the evidenee supporting the various oceupu-
tonud respiratory eancers and, espeeinfly, the
conl tar fume cancer of the lung, 1s compared
with that avaiable for (he cigarette smoke lung
canicer, even upon  superficial examination,
several additienal serious defects and inconsts-
tencies nol previously  pointed out become
apparent.

It is surprising to nole the absence of positive
statistical assoctations betweent lung eancer and
cigarette cough, although this latter symptom
s elinieally  chavacteristic of  chronie  chain
smokers.  Despite the fact that the lips al

oral mucosa are constantly bathied in the taeey
quuor oozing from the tip of the enzarettes and
despite the contact of these parts with the
simoke coming from the cigarettes, there is no
consistent statistical association with caneer
of these parts. The assertion that no tarry
material exudes from the cigarette Gp s belied
by the evident fuet that chronic cigavette
stokers are observed to have hrown-stained
fingers.  There is, on the other haxd, not a
single record available of cancer of the fingers
nttributable to cigarette tar.  Such cancers of
the fingers would be equivalent 1o the numerous
cases of cond tar cancers of the hads for which
records are available.

In an sttempt to provide an explanstion for
this discrepaney in the earcinogenie behavior
between coal tar and cigarette tar, Licking
resorted to the speculative assumption that
cigarelde tar possusses a spectal Ussue specifieity
so Lthat the skin of the first three fingers,
although impregnated with cigarette tar, is
“immunc’”’ 1o its carcinogenic action,

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

44

AJI},O( AbtUday MY LU AU llL)l LU R L QUL VALY buUu
records of a large Jewish hospital in W
Polaud. showed a lung cancer froqucncv 3
pereent of all cancers for Jews against o4
queney of 15.3 pereent for non~Jews, espeg
in view of the fact that Kastern Tows are 4
Genlarly  prone  to  develop  thromboapg
obliterans, which has the best ost,ab
causil relations o tobaceo smoking.

The elnimed nhsence of o positive assoeis
hetween hung cancer and the habit of inh
cigarette smoke also is inconsistent with3
rule that (he incidence rate of occupatig
caneers inereases with the intensity of expog
to n carcinogen. The medical considerag
on cignretle sinoke cancer of the lung,
reveal o number of serious and fundam
defeets and contradictions,

The best that can be said about the exg
mental evidence on hand regarding carcinopy
properties of Lobaceo tar is that it indicates3
earcinogenic agents in  some ugarette 4
through the use of hyperreactive animg
I‘Iww is no evidence that these observationy
the skin of o strain of sclectively inbred ng
have any cquivalent in man., Thus the pg
tienl tuportance of these observations ag
ancer of the human lung is at present un
tain, especially since Passey, in rocent exp
ments on nice painted for 16 months
tobaceo tar, was unable to elicit a single cagy
of the skin.

From these considerations, it is appan
that any final decision concerning the relaj
role of cigarette smoking in the causatior
cancer of the hutnan lung should be kep@
abeyance until o great deal of additional §
more valid, and especially medically conclus
evidence becomes availuble. The data on h
make it unlikely that cigareite smoking rep
sents a major factor in the production of
ancer and in its receat phenomenal risy
frequency. For these reasons, it would be mi
injudicious mainly to base the future prevend
control of lung cancer hazards on a theory
such doubtful scientific merits and to con
trate the immediate cpidemiological and expé
mental efforts on this apparently overph
agandized concept. The apparent wisdoms
such an attitude is readily appareat from §
fact that not only a great deal of the cired

Environmental Causes of Cancer of the 14



i epidentiological  evidence  but alkso
Geally  the entire Taelual and conelusive
fonee availnhle on specilic exogencous camses
[ospUBLOLY  LANCCTS indieates  that  these
(oS BT cither of ocenpational ovigin or
s to industey-related factors.  Not only
- geeupational groups but also the members
the gencml population have contact wilh
ese agents in various forms and intensity.
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Finaliv, it may be noted that the evidence
on haned justifies the viewpoiut that, in arriving
at a judgment (Baader; Lickint) in any medico-
legal dispute requiring the assessment of li-
ability for the development of a respiratory
caneer, any  evidenes  ineriminating  specific
aceupational factors should be given preference
aver that possibly provided by a cigarcite
smokiug lustory.
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