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Tl ic motarials reviewed includc 269 industiinlly iiiduccd huniai! Iiing cniiccrs nnd 
276 pulmonary neoplosma ta, which developed In monkeys. rabbits, guirtea pigs 
nnd rats nfter inhalation cxposure or intratrachcnl injection of 261, chernicol 
substances. Thc animal tumors developed in 10.768 experimentol snbjecb, 
wliereas 4,143 control animals, morchcd for sex. age and survivnl, showed n o  
tumors. In addition to neoplasia, there were large numbers of lesions that were 
judged to be pre-neoplastic. The morphology ol (lie onimol tumors is compared 
with that of human tumors and some hotnologics were Identified, A tentative 
explanation of the hisfogcnesis of morphological v3rieties of animal titino& is 
offered. [Ed. note: This is the first in o three-part series. This article will bc of 
parnmount interest to all professiotls concerned with the association of the 
worker and his environment, but because of its length, we will present il in three 
installnrcn IS.] 
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r p  wo types of expericnces arc revic\s*cd 11 this paper. 
I 7711: first conscrns a number of lung s3r.cers seen in 

a vuricty of industrial and non-industrial workers. The 
second represents scveral serics of cxpcrimcntal animds 
exposed by the tracheal injcction and inhalation mcth- 
ads to a varkty of chcmical substances of special 
significmce in indu;try. 

€IUhlAN LUSC CASCER 
That various environmental agents can induce lung 

caiiccr no longcr is in doubt. The current list of 
acccptablc cnvironmentd cars inop-~s  is given in Tabla 1. 
Certain other agents have been suggested, but sincc thcre 
is residual doubt about tlicw, they arc not included in 
the Tablc. 

During t l irec dccades of prcoccupdion with industrid 
mcdicinc. 330 lung c3nccrs were personally studicd 

for c o d  mincrs in this scries are nigher t h n  art. those 
reported for cod miners in general. This is perhaps duc 
to tht fact that the cases derive from special regions 
whcri. lung cancer appears to occur morc frequently 
thar, among coal mincrs in gencral. In the case of the 
gold miners, thcrc appears to be a slight excess prcva- 
lence of lung canccr. Since Witwntenrand gold mine air 
yields about 600 microcuries of radon per cubic mrter 
and since the lungs of long-term gold mincrs are midly 
radioactive, as dctermined by autoradiography, ioniziiig 
radiation may be a carcinogenic factor. In  hcniatite and 
maye t i t c  mine air. radon gas also is demonstrable. bur 
in rnuch lower conccntrations (151-60 pc i /w) .  The l u n g  
of hematite :rnti imppetite miners contain rclati\.rly large 
quantitict of  m i n d  substances and tliis m3y inniicncc 
lung cancer rates. 

, 

~ 

(Table 2). Thesc w r c  found in J relativcly dcfintd 
working population group, so that approximati. p ~ v 3 -  
lcncc rates could be ca!culatcd. The 13.9/1co~ rate for 
the 269 Iuns cincers sccn amon: .?I1 \ *mh groups 
appears to be apprcci3bly hi@er than the 4-7/1000 1312 

for the 61 c;lncc'rs obxn.r.d among penon: who h d  no 
industrial cxposures. Thc two groups wcrc approxi- 
in3tcly age, scs and race nistchcd, so thl t  the prcvalencc 
ratcs may be contp~rdi lc .  

l l i c  hi$tSt prcvalcncc v m  clearly amon2 persons 
c:cposc.tl to asbtctos dyst. F3rto1-y workcrs showed 
1iiglir.r prccdcnces t h a n  did j<bcstos miners. The r3ics 
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The inhalation csposurcs of the 13 clirmical workers 
with lung cancer were so varied that no specific 
carcinogenic agcnt could bc incriminatcd. The raws for 
ceramic and glass workers :.roear to be lowcr than those 
for non-industrid workcrs. Thc foundry CJSCS derived 
from iron, steel and brass foundrix. No s p x i f i t  car- 
cinogcn has becn identifictl. hlctal worker$ included 
grinders, polislicrs, prcss and cuttins tool operators. The 
rniscellsneous group inc1utlr.c carpr.r!tcrr. ryprsctters, ink 
makers. how rnnniifxturcrs. cic. Sprcific c311scs for rllc 
slic$tly enhmscd prcvaltnsc of lung cancer have not 
becn idcntifiad. 
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, LUNG 'TUMORS 

I 

F r o h l i k  Cnrcitrogmr .. "* 
' Ars:n[c: AS rllrrtcs. dusts 01 inwctlcirlur 

i 
I ,f,bestos: Ascro~idelitc .and amositc 

Ctl1omium: AS monochromalc dust, fumc or inlst ' -  ! 

lonuing Radiation: A s  alpha and beta particles and asgamma 

Isopropyl Oil: As mists ~ l d  vapors 

Smoke: AsciSareltc smoko ! 
Soot: Asparticulalc mi l t crmdascoa l~as  I 

and x rays . 
j 

Stisprcted Curcinosmr . i 

4 

Nickcl: Asparticulilc metallic ntckcl and asnlckclcuhonyl . 
1 

Astcctos:t As'fhrysc~tilc,nnlhophyllitc, and JJ tremolite : . DeryUium: As DeZn\lnSIO,t, UeO, UeF2, DcS04, kHPO4 , 
; Diepoxidex Asgeneral ab pollutants 

. 
! 

EnyLm Exhausts: Asgener'll air pollutants 
hfincnl Oil: Aromatic series - as mists and vipon 
hfurtsld.Cas: In mustud gas factories 
Tar: As fume ' 1 .  

i 'Report of Committee on Occupationd Chest Disease, Americd 
College of Chat  Physicians I 

., G. W. H. Schepers. M.D., DSc Chairman, Section o n '  
Environmental Lung Cancer I 

L .-_-__I-.- .... _ A .  . . . . .  .- ..--.----.*- .-....*-.--d.b...-.d 
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, TABLE 2. Lung Tumors Environmental Facton: Human. 
I --- 

Jndurhi;tl Workers Number Pn~uImce/1000 
- .  -- 

f hfincn 218 13.7 . A:Sec:as 22 32.7 . 
i Coat- soft 9 7.1 

Antluacitc 5 13.4 

i 

I 
-4 I 6.8 1 

1 Cold 116 7.3 

! _ _  magnetite - 2 5.6 i 
: Iron - hemitita 

Alanuhcturing 
I Asbestos 
i Chemical 

: Foundries 
t hlehl ' 

Ceramic and g l i ~  

hl iscellaneous 
TOTAL Industrial 

; h'on-lndustrid 
* 

51 
17 
13 
5 

. 7  
s 
4 

269 
61 

14.3 
51.3 

9.5 
3.2 
9.6 
SLi 
6.4 

1 3 9  
, 4.7 

I 
-.. -.. . . . . . . . . . . . . . . . . . . . . . .  .--. .. . . . .  I 

. I  
*Personally obumcd 

AN I hI  h 1. 'TU 01 0 Its 
Tlrcsc wcrc all obscivctl in niiiriials cxpcrimcn tally 

cxposcd to n large vcirlcty of industrially signincant 
riibstorrccs. Ovcr n cumulntivc pcriod of tlircc dccadcs, 
265 lung tumors wcrc oOscrvcd in 7,876 animals that 
had bccn cxposcd by tlic inhalation method to 136' 
X ~ O S C J ~ S  (Tablc 3). None wcrc ob:crvcd in 3,167 animals 
used as age, SCX and survival matclied controls in thew 
inhalation experiments. In .addition, 2,862 animals rc- 
ccived 130 substanccs (or combinations of  substanccs) 
by thc intratracheal route. Among thcsc, 1 I tumors W ~ P C  

found, limltcd to two substances. The controls for thcsc 
groups, comprioinE 976 anlninls, displayed no tumors. 

TRACHEAL INJECTIONS 
Tables 4,5,6,7 and 8 summarize the 130 experiments 

gerformtd o n  guinca pigs, and occasionally on  rabbits,' 
rats, swine and cats. The substances wcrc tested to 
survey their biological actions bccausc ccrtain human 
subjects are occupationally exposed to them. No pri- 
mates were used, sincc they at0 loo cxpensive for this 
type of experiment. 
Of thesc 130 experiments, 9 yielded negative b:olo& 

cat results during the periods of observation. Apart from 
exonerating the nine substances as pulmonary patho- 
gens, this confirms that intratracheal injection of a 
ruspnsion ar solution of any chemical substance is not 
ncccssarily pathogenic. It has often been argued that 
Lntratrxhea! injections create highly xtifical local condi- 
tions that must necess3rily induce piilmonxy lesions. To 
a degree, thc intratracheal method does cxaserate  the 
biological cffccts of most substanccs. However, if thc 
material is truly inert, this can bc  provtn by  tlic 
intra tracheal mc t hod. 

Rcfercnce is also made to the wide range of severity of 
the cffects of the substances which did cause lesions. 
The latter ranged from slight to extrcmc. 'This suggests 
that the triichcal method can be quitc discriminative of 
biological effects produced by chemicjlly o r  physically 
different materids. '.-hc 11  tumors havc already been 
mcntioncd. 

Thc lesions induced in these 130 t r x h e d  experiments 
also varied considerably in quality. Some materials 

. 

.-.. ---.- "_.... - .. - r - .  -.- -- C,., --. ... -I---.- -- ,..--.--r..--F.w 2, TABLE 3. Lung Tomon: Expen'mcnfaUy Induced: Animal 

.. j Cllcmica! Exponcre Controls 
' Spccirs Tumon ' Tumors ; 

-. - -- - ,  ---e . 
1 

1 
. -  Animals Anlmats .I 

No. E No. * %  

1.60. 64 O O . : f  .. . Pzima tcs 128 2 
* Rabbits 564 3 0.5 2 232 0 0 .  

Guinea pigs 4294 I I  0.26 1878 0 0  

Other 5 24 

.? 
' Rats 2486 244 10.62 763 ' 0  0 ' ,; 

S 1.03 230 0 0  1 
T O  lab 7306 . 265 3.59 3167 0 0  I 

- ._. .___. .._..__ , . . _  c . . . .  __ ._  . . . . .  . . .-_ . - . .  . .  
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Aloxilc 
Aluminum - Slctal 

A 1 u n d u m 
Anthophyllilo - Shorl Flbcr 

Amosilr 
Amphibolo 20-60~ 
Amphibole Alpine 
Aiitonr Asbntog 
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Bakettla 

' kll ini le 
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. ,  Rb.Rabbit;CP.Cuinca Pij;  R. Rat:Sw.Swine 
0, All other Iedons: E. EpithtliaUration: N. Ncopllsia 
+. Slight rcrctlon: *, hldrrslc reaction: +++. Marked reaction; 
w?. E a u e n c  rcic:ion - .  

. - . ..." 
TABLE 5. Putmenary Lrsionc: Experimentdiy Indiccd: Tracheal Route: 1 2  hlonthi 

Su bxfoncr Sprcirt Lrnonr . 1  
. o  E N 

CaIborundum 
Cubomdurn + R I 
Cement 
Cement + R, 
my - ulc&lfd 
Cor1 - Y I  

wyco 
Watt s t o m  

Cabal1 
Cobd t i cox id?  
Copper oxide 
Chrym1Ye 20-50jI 
W m t P e  65.200~ 
Chrysotile + A I  (OH), 
Chrysotile + Serpentine 
CroMolits 
Diatomite - raw 
Datonite - f lux  calcined 
DFC + Aluminum 
DFC AI (OH), 
Ether 
Fcldqrr 
Fcn ic  oxide 
F c m c  oxide +quartz 
Ftuorrpu 
C u n c t  
G m c t  + R, 

C P  
C P  
C P  

CY 
GP 
cr 
C P  
C P  
C P  
C P  

D 
R 

G P  
C P  
G P  
CP. p. 
GP. K 
CP. R 
C P  
C P  
C P  
C P  
R b  
G P  
CP 

cr 
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+ 
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+ 
C 
+ 
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Glass - Fitxrglass 20-Sop 
Vycor 
Wool - nall Milled 
\Vool20-SOp* 

Gronitc 
Graphite 
India ink 
India ink R I 
Kaolin 

Kaolin montmorillonite 

K-Lo + Quartz 
hfagnerium metal 
Magnetite ' 

hhnganese cvbonatc 
hfanganese tungstate 
Marble 
hktronitc 
bl ica 
Mica + h;llieIito 
hloly bdenurn 
Muscovite 
Olivine Nonvtgian 
Olivine USA 

* Kaolin haUoysita 

K-LO 

C i' 
R 

GP 
CP . 
GP 
CP 
R 
R 

GP 
GP 
GP 
GP 
CIP 
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GP 
GP 
GP 
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GP, Guinea Pig; R, Ret; C, Cat 
;O. All other Icdonr; E. Epithehliration: X, Neoplasia 

t, C'.. 

. .  . ,  - . , . j  
+.Slight . Reaction; t+, hotienre keacdon 

.... i ... -: . :.-. .-. ....... . .  '-. -.,-..,..:j . I  . . -  
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r 
S p C h  L cifoni su bitoncr f 

b 0 E N ;  
- .  ... 

CP 
CP . *  +* 

j Polyester re+ CP 
$ ' Powslum arl*mrtc 
" Rare c v t h  fluoridn 

Rate 3 u t h  oxides 
, Rhot\&..*Ttr CP 

Sericlw 
. srpcnii:,e 

: SiUimanili* 

i'crlitr 
PLo~phorus~rtter I 

+ '3 
CP i 
CP + +. 
CP + + t 

+ 
:? CP. RE! i 

' 

GP i , -. .! 
GP t ? 

GP +t + 
CP + '. 
CP 

CP 't 

Talc - GIY~~:  CP 
Trcmolh.! 

a. 
4 Tantalum 

Titmite (bari::w; 

Thorium (GSI) 

+ 
, M T  CP 

* Tungsten GP + ! 
. - .- . Tunpten arhidr CP + + I 

! 

+ 7 

I . 
Welding fume CP + 
Zinc oxide c p  . i 

CP 

CP . +  

Willemite 

, Zinc stcarate 

+ 

1 .  Zircon . CP . .  
Zircon oqicle CP 

0. All other lesions: E. Eplthclnbzation; N. Neoplasi. 
*.Slight Rmcfion: **, Moderate Rextion 
C31, CAS Mantel h s i  
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TADLk 8. I'ulmonnry Lesions: Expcrinicntally Induccd Trnchcnl Ra\itc: 12 blouthx 

species 
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Quartz + AIuminu 

Si l i~ lr  ;unorphow 
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iiiduccd destructive changes; S O ~ O  caused cells to invade 
or multiply in the lungs; others resulted in focal or in 
diffuse fibrosis. In some experiments, the major lesion 
affected the bronchi and bronchioles. Other substances 

1 
. 9  
3; 1 
' ?  

G?, G c k e a  Pig; R, &I; Z3. rkirirn 
0, M olhn lesions; E, EpichcLijlirstion; S, h'eop'bsia 

. 
. , . I  .+, Slight reaction;++, lrfodcnta reaction; +++, hfarked reaction , .  3 . *  - -.....- - . . . . .  . . . _ . . . -  . . . .  . . .  . . . . . . . . . . . .  ..-e-.- ...-.- .-.*. 

caused their greatest effects on the p u h - ~ n a r y  pa-enchy- 
ma. Some substances selectively caused obliteration of 
b ! d  ycssels. Emphysema Nas observed in certain cases. 
PleunI lesions resulted in a minor proportion of cases. 
Some tracheal injections induced major effects in re- 
gional lymph nodes and even in extrathoracic organs. 
Of spcific relevance to the subject matter of  this 

pzper is the number of substmces which, after !:Aieal 
a h i i i s t r s t i o n ,  caused epithelialization of alveolar sur- 
fxes .  The nzjority of the epithelializations were of 
slight degree o d y .  In f ive cases the epithelialization was 
rated 2s moderate, and in two as rnxked, either by 
virtue of the number of animals affected, the multi- 
pliciiy of lesions per animal, or the local extent of the 
epitheli~~l prolifention. 

TWO distinct varieties of cpithcliilization could be 
identified. The first affectcd alveoli immediate around 
broncSioles and alveolar ducts and the epithelial cell5 
tended to be of t l x  tall columnar variety among which 

. 

goblet cells were observed (Fig. 1Aj. fhis ep~thtlirliza- 
tion is designated bronchiologenic. T h c  second variety 
may be called alveologenic (Fig. 1B). T h c ; ~  Isions 
occurred on alveolar surfaces at  some distaccc f r o n  the 
nearest bronchioles, or even in subpleural Ications. The 
cells were of the low cuboidal or semi-flattened variety. 
No goblet cells were observed in these lesions. Some- 
times these epithelializations lay opposite in tra-alveolar 
collections of the injected miterial or ncac lymphoid 
foci. At other t ines they appear to  be quite scparate 
from any trapped extraneous matter. A little more than 
half of thc .lesions were of the bronchiolozenic variety 
and the= included those rated as of modcrate severity. 
The rest were alveologenic epithclialization. In some 
instances, epit:ielialization was SO extensive that differ- 
entiation from tumor was almost impossible. 

Beryllium sulfate and zinc manganesz btrylliuni sili- 
cate cauxd not only moderate to marked epithelializa- 
tions, but nine animals developed neopl3stic changes. 
One guinea pig also displsyed an ostt'oeenic s3rcoma. 
The histological and cytological features of the lung 
tumors Vai i td  considerably. Squamoid carcinoma pre- 
dominated in aninials that had been dostd with zinc 

.. 
, .  
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FIGURE 1. I’uliiioinry lesions in-’ 
clriccd by trncltcal ndniini,trntiori 
of cticrnicJl agcnts 

A. Ihonclio~cnic Epithelialira- 

11.11 1mi;:: I2  months aftcr 
dougc w;tli n suspriirion of 
mixed rare cartti fluoride 
partlculrltcs (X 100); 

11. Alveologcnic 1:pilhclialirn. 
tion: 
Cuinca I’ic Lung: 16 
months nftcr dosage with 
flux calcined diatomite 
(X 360); 

C. Squmoid  Carcinoma: . 
Rat Lung: 17 months ofrcr 
administration of beryllium 
sulfate (X 160); 

Rnbbif Lung: 14 mont!ts 
aftcr iajcction of zinc 

. mangsncu: bcryllium riti- 
C l t C  (X 100). 

- tion: 

D. Adcnomatoid Carcinoma 

. 

. mangancsc beryllium silicate (Fig. IC) and adcnomatoid 
carcinoma was observed mainly after adminislration of 
beryllium sulfatc (Fig. ID). The detailed features of 

these tumors will be fuurthcr considcred when tllose 
induccd by inhalation techniques arc rcviewcd. 
TO DE COSTINUED IN NEXT ISSUE OF 1 .L l .a .  

0 

.-  

a 

I N D U S T R I A L  MEDICINE, VOI-. 40, NO. 1 !i3 


