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isbestogin 14 & TilmonalT disesss csused by the inhalation of asbastas
dust,. In animsls it {« charscterized by & peribronchicler fhrosis which
seems tc bs the result af pechanicil, rather than chemical, irritaticz of
tho tissus b7T asbestos fiders., Only the long fiters produce a typical
reactioa) short {ibers are relatively tnort. "The filamentad structurs of the
fibers {5 a7 essential fxetor in the mechanism of Lsvitstion. 4 character-
ietic tissus responss can bs produced by rm-qiuca&u as vgll 2= siliceouns
Llorous miverals. Inhalstice of asbestos dust apraromtly does not altar
significantly the course of axperimental tuberculosis 4= guinca pigs. The
asbastosis body, whdch i3 a epecifilic ¢oncomitant of sabestosis and [or=s
3000 &l tha entrance af the asbestog [ider into the lung, Lt dellaved o
prevent furthar dssuge 4O the tissus by the (iber sxd thns to limt pro-
greasion of ths reaction whan exposure ceases. Aluxim= does mt exart a
mrotactive &tion agalret tha titsus irritation aof asbestos fibers as 1t

does against that of quarts particles.



ASITSTLSIS

<. imt-eduction

Asbestesis is & Jorm of pneumoconicsic resulticg ivzsn pweloniec inkala- \

{

s e

tion of aahestos dust. Tha mame zsbestos, literzll: ‘umhurnanle.” 13 ot
that of & particuiar =inecral but is 2 term applied tn a maiber of diflsrent
mnerals wnoss characveristic feature {3 1 structure ccmposea of lorg, par-

e Bl
allal, flactle [lbers, Thic zrructiure is unicue because the fikers are

o~ e ——

capable of repeated longiludinal suhdivisien %o uniny of zalccular preoporticns.
in langth the tibars Ty from o few microns 0 six oF nozd Inchas. 3Ssrs

varietiss are stiffer than others btit many are sufficientls Nexdlle to e

yyan  inio yarm and woven on nodilied textile mackinar-,

3J. Astestos Ninarals

The asbestos oinerels are cillcetes »f veriohle cammeiition andé beloerng ta

the zerpentina and thm amphitole groups. Listed teoloe are tha oore cosmon
P e b S e

varigries.

armhibale Trouu 'J',

- Amthonhylliita (Yg, Faj sziliccts
Axnzite Xz, Fa, 22} sillcate
Arphiidbaia {Ca, Vg, ~3, &1, N&, K) silicete
Trexlita (Ca, ¥g) cilicate
actirolite {Ca, Vg, Fe) sdlicate
Crocidolita {Xa, Fe) silicate + Fe smilicale

Sarperting Croup

Chrysotile Ug silicate (hydrous)



Ths pulk of the arbestcs 90 cotmerce L2 chrys:illie, ] SC.210. 0,
whick {s nined {n the Thatford region 28 the Trevuase ¢f Quee.  Crocida-
ilte and arorila arw algo tsed cormarciolly but In b sndler axounte.
Shsotile occure & veins in sarpentine., 2 minaral cizfi.- ig eisomicel coz-
positica to cwyzotils tut vhich cxists $n oosivs Verm and is cade v of
rfercacopic Sbers without the paralicl orienteticn charac.esistic of chryso-
tils. The mssive biue Llack serpentine, which i3 rooth and soapr to tha
touch, i3 travertod Ly veine of fihrous chryzotils ver7ing in widih from a
harely parceptibls line to siz or more inches. Thea {{Ters ron scross tha vein
and not lengthwiss with the forzation.

Attention is directed to tha minaral brucite, Y70.F20, which i3 of%en
found in the same formations with gerpentins ani chrysotils and may be Librcus
in strusture, It has n3 commee~clal waiue g pregent lwczuze 1ts fiders are oot
ri€ficiamtly flaxidle Yo ba usad in textiles bub thar are 2apable of repoated
langitvdina] sabdivision, Tmika gthar asbeadiforz Zoorals, bruciie i2 not a
silic2to and for this resason it has teen a3 veluskle “col {2 an axpecisental

evalustion of the action of [ilwous minerals upen Loy tissus,

V. DIPERDENTAL ASBESTASIS
For zany ysars studias heve “esn carvisd on by the Sicenas laboraiory Lo an
trvestigavion of the camas, oaturs and devalopmsnt of as22310343., The fresent re-
part i1 devoted t0 Expearisantal dabestosis. In it are describsd ths anliel ex-
perinents with vxricus Xirdz »f schesatna dust, inothor roport, 3 bs ypreparsd
v {amind later, =ill be conemrnad wilh r{'um.n rabrstonia ard ¥ill cover the haalll
sapents of moriers M) heta Dean exrossd Lo sebestos duet in an industrixl

wrrironment .



. .. —ee v cure £pscied of anf=al character~
{atic tiasus changes vhich a=» s{miler to ths lesions of human asbestosia. Siace
the lifs—span of tha experiiant4l anizal {5 relatively snart, {t i1 not possible
to davelop the charactatistic lasiocs in animals under tha urual industrial ;:on.
diticns. Consequenzly. to coontrin 2 coamnlsts evaluation of the tissus rssponse
te irhalad particulats and filtrous material, it is necessary to sccalsrate ths
reaction bty employing nizher coocentrations of dust than would ardinarily be eoe
countared (o indusiry. Thils corditions of axpomae are thus A fferent, the
inferraticn yielded by sxperizents with amils {8 {nvaloedls in furstahing a
better urderstanding of the roactlicn of tha human organie= to {nhaled asbestcs

durt.

Ce Ixverimental Methods

Yor investigatirg tha biclogical reastion of the experimental srinmal ‘o We
varicus msbestos xminarsla, t9 Vypes of tochnigqus have teen employed, neasly, the
{inhalation zethod and the injecticn mathed, In mru.lxti:m aperimats, Iroups
of amninzls - W to 10 or aare golnex g avd saostisot =mllar mbers of
rabbits, cata, dogs, Tete or Mick ~ are WKept for «ght boars 4 day in & cubical
dust rocm, eight £ in dinenxion,; ‘n which 3 clond of esbestos dust {3 maintained.
Lt intervaly dirlng the expariment, & few wizals acs secrificed and the tiseoe
exmined to drtermine the nature and extert of the dust reactisa. Soms animals
e exposed for pomicds wp o three yeare. Ths injectlicn sxperizemts, in which
e dust, either dry or Fesperds=! 1o Oudd, {2 imtroducsd into the anixa) by the
intrevencus, imtraparitoraal or inirsiraches] procedure, me wind W detarmine
whether or pot a particilsr duwst hag o rotootizl capacity Lo producs tiesus

>eaction,



Long~tarm inhalaticn experizents (gmish (nfermiation wpon which srear rgl:i-
ancs s plazed whan estizating tha dagree %2 3nich a dust mght Be hszardouy ta
irdastrizl sorkers. Thether cr not atoospheric dust, avea tiwugh potentiaily
dargerous, can be fnhaled, pawe he natwrzl dofense barriere and resch the pul-
monay Ylssua in quantitics sufficient 4o cagmo d;xr'c:."a can be determdsed anly Ly
inhalatisn procedures. Injecticn oxperinments are i3eful bLecauss in them coentist
batwaen t' & dust particlas and tissues iz gasuied and the potential copecity of
the dust tu produce reactica cun be ssti=ated cccvrately. Fhez daaling with fi-
treuz minerals llke asbestos, the intratrachoal nsthed &3 Taluabla sgincs it jer-

nits cosarving the effect ¢f the fibers on pulronsry tissus.

5, Specles Susceaptibility

Unlike frne silica, es2b=etos doax not axart Lta gpocific sffact ig &l argecs
of a1l spaciss of aniwmal (Tahle 1). Injecticr of Iirs quartz into various organs
of the guinsa pig, rebbit, rad, cat; dog, chicken and even tadrols will producs
gilicotic noduilas. Howerrer, sixilar injzcticns of lozi cr shert fiber ashertics
have resulted {n & fibrous resction iz ths lung urd, to 2 lesser axtent, in the

peritonewn but not in cthar orgons.

7. Pecullar Charactariziice of Asbartas

Experisnce hos dexmstottad thet moet of the preticilals setler inneiec inte
the Lingy of men end enimel 4z 10 micrsus or lase in eaximm disceter. Llarger
particles apparently are excloded My the probectize mechenim of tha nppar raspir-
etary trast. In 4he cass of Hbroms mplerisls, howaver, (Ris reetrdistion doss ase
&rlr and hery 100 &nd svsn 200 mlerans An lenguh: nove Seen found (n the termse
8l alr apaces of roman Lmgs. In mxell laboratery ani=als erpoeed to asbestos
dust the saxd=mim langih of fibwr formd fn the Lunp rarely cxzasds & alcrons.

Rot every ¥ird af fMbroug eatsridl ia inhaled w(th emael readineaz; for example,



the synthetic [ibers of glass ™ol apperently are too inficxible to paas easily
throush the nose, sharynx, trachea and orencki and zeldom roach the termiral
bronchiolss and alveols.

Inhaled particulseta matter comee to rest throighout “he terminal i ZLaces
(alveolar duct, atrig, alveoll) in &11 parts of t.h;, luxte; innaled ashsstos fihars
are 24irsti retained iz tha respiratory broncniocles. Thesc very s«all tubes are
mmdum; dis%al Lo bronchioles lined oy cilisted epitheliva. Their owm easen-
tia) ULrdng 12 & lo» cadoldal Y7pe of epithalium bdub, &s thelr name ‘rplies, they
ectually function in respiration through laterzl alrecli given off as pouches
along thelir walls. Either these pouchez, cr ths abript change in the character
cf tha liaing epithelium, or the dacresse in dlamster of the tube, or perhaps the
coobingtion cf all three facters {3 rsponsitles for locil retention of the irhaled
fidar, Only after ssbestozls ls woll established are aypceciable numbers o7 f2-

bers carrimd into the oore peripheral air spaces.

8. Rats of Tissus Reaction to Asbestos Fibers

The rate of Lissus reaction to asbestos {a rmch zore rapdd than to an active
dust ke q\n.m. Evidences of tizzsu responss srpear i ocoon as fIU nave
localised in sufficiaat concentration 4o specific aress. In rats receiving asbes-
tom fidere by intratrachsal injscticn this evidence is vigihle 15 early is two
wesir After injectiomy 2o guasty dusth the Lstent pariod adght e two romih or
— .

Tha belavior of ths tistue resction to inhaled dust After ths termination of

exzorure Lr not the sane in siliceoels s {n asbestosis., n z2illcosis, the yourg
mdtles beccoe larger; LD AsDestdzls, young ECAr tlsxua,that cay bave foiwed,con-
tracts and becomes more denss bul tho ares of ipvolvemint decrsases in sizc., U

exposure to axbestos cust L8 Serwminated after a brisf pariod, the recently-inhaled



fibere 40 the lung o= causs the fihraus tlszue reswsnss Yo continue for &
shart time, twntll the ({bere lwve Leen ccated. ™ils progressicn iz of caly a

2light degroe and of little significancs.

9. Ahsbestoris Bodies

The pecliy strusture known a9 the aulestesic btody or curicus body is 3
specilic concomitant of asbestosis., The typical Scdr is a goldan—gelleow, Leaded
or haustratad rod vhich =y be e{ther straipght o Swved. Oftes ons o i':oth omis
ere bulkous 1ixa 3 durh-bell. The bodies vary cousiderably in lsngth, z2nd d&i-~
mensisna up to 250 zicrons have been recorded.

It 43 believed thet sabestoais bedias are cus Lo a deposit of protein and
iron pigment wpon the surfice of Innaled fibers. In guinss 7igs thay Zurm after
ehout &0 deyw of somtach with the tissva. They are sbundant {n mn wad ths guines
plg (see Tabis 1) Mot zre Trer largar in ihe forzar, Twrotably Seleuse (a3 lerger-
sised air tubes simit Nters ol greater dlmsngion. In cats, radbits and mice trare
im an 2¢7pledl zoabirg of a Tew of tha {ibare after much looger :-saidmce. in the
longs. In rata and doge no todise conld ba discoversd. Alihouch ths svidancs (s
{ncomrilats, 12 apposry thatl ihs fammation of the esoecatosis tody Trevents dewnga

te the tisguz by the fibeT,

3. OJHALLTICH EXPIRINENTS

Forr commrshengiTs inhalation sxparimertas have ceen conducted at tne Saranse
labarstary Tith rerions forms +7 wrbesatss dquat, In cach of Lhasa i:vm:igsﬁ-ions
wore then 140 anizals mve woed atd tha aperizantz wece cerrisd ou {a pariocds
ranging form 2 Lo =re than 3 years., The fone Wirkds of ssbeatog dued exploy=
are ldentified 84 "img'c flcats; chort fiber, 100 vor et hallaxillsd, azd

lorg={iber aabestos dust,



il. Inhalation Experiment with "flne’s Flouts' fstectos Dus

The Cirst {nhalation «pcrizent ceaducted st the Cerurac Labaratory with
asbestos dust was begun iz 1725, Azinmals inhaled tha dust {or periods up to
gearly three ;uars and scma m.._nu pigs lived [ about four years aller their
first exposure ¢ dust. 4 preliminasy report g‘iriﬁg obaervations after 29
months of expesurs appeared in “ns februwry, 1931 {ssue of TEE JORRLL OP DTU-
STRIAL HYGIENB.» 4l that tine observations covered & pericod of only 2-1/4 rwt
and the conclusions as to the ultinzte effecta of inhaled asbestos dust were
frovisionsl. Fesults of he cormpleted atudy show that most of the cozcluxions
drovn {n the prelicinary report wars subsiantiated. 1 complete review of this

experimunt follows,

12. Tha duvtinr zataris’ vas 4 commarcisl variety of esbestos dust kmown

an !Ung"s fleats and wae composed 9 ghort (ibors and particles of
variable s{ze. It was coteined (roa the Thebford, Quebec plamt of the hsbestos

Caporatica of Lfomarics.

13, The dust coﬁ::csitiga {Table 2; reveals that ths azowrt of Librons chorse-

tile was only 1L per sant, 2 rithar low vxlue. Howsver, thers waa suf-

flcient fidrous mterial 'c 7—oduce a crarscleristic fikrosis,

k. The dust coocentrstion it firse wis quite low and fur i=pinger essples

taken goon afler the expariment was gtarted, ths average Light {lsld
count - by the standerd Lechumigua wis only 5.0 mdilior particlss per cubic foot of
air. Aa appreciabls nuaber of largzs particles (or fibers) elso wess presect, 2

¢STUDIES ON EXPTAIMENTLL ENECWOCTRIOSIS. 1. Ichalation of Asbestoe Dust., Qardner,
L.U., ed Qﬂﬁ.ﬂgl; D‘E. Jo Ird, Kn,, u‘ 69’#11 97—111&, Uno



shown by an average count of 0.8 million far particles greater thar 10 microns.
After the inhalation axpsriment had been under way (or efoutl two ywars, the epead
of the rotating paddlie in the dusting machina s iccressed and for the remain-
g 9@ or 10 sonthis of the experistmst ronsideradly oers dust was dicpersed ints
the atxosphars. Averags duat counts for impinger sﬁrphu enllected after Lhis
change were 53.7 millicn for the asual light~field method, and 1.6 =illion for
partizles larger than 10 wdercae.

15, Reaction in dnimzls to Innaled "Kinc ‘s Tloats® Astestos Dust. Bswmlta

of the investigation, briaflly sTrmerised {n Tatle 3, ahow that irhala~
tiou of King'e {loats asbestas dust produced a typizal peribromchislar fibrosis

in guines pdgs ot oot 4o rabbliis or rata,

15. Quirea P{rs. Ceven owps of guinea pigs were nsed. In thras groups

the olfect of a contimxus ad of an interTipted dust
aposars ws studied: in {wo othur ¢ronps the ralatizcenis batweea infection and

dust exposure wea investigated. The ramaining Ywo greups wers infection comtrols.

%7, Rate and Type of Boaction. Urinsy pigr inhalins this dust for pericds

Tp 46 3] wonthe daveloped & charactsristis
fibrorls 2ccrTing Ao comiesl patcusa 20wt the respi'mta-x-; Yrenchiolss. Curing
this expowzre the paripheral glveold were not imrolved. The particulate elecants
in the dust -u'l cransparied Lo the lyurhatle aysienm vhare Lhey caused no signi-
ficant reaction; the filTous slemants reemined {ixed &% Lhe sile of origiral
localization and ware seldow detacted 1a the 17vphoid tlssus., Tleurisy and (1-
brosis {s the septs were ctssrred only whan infection cooplicated ths procasa.

ifter axposure of approdoetely z jesr, 8 mell aowd of cellolar reaction
had been produced sbout mary reaspiretery troncmioles. As wors duat wes inhaied,

it comtisued to eccuamlits in the seme lecation ard lataer stages of the disease



consistad of axtansions of ‘hs originel lesions. New a'nas were not {mvolved.
Appereatly, the (nhalsd {ibers rere caught in the pockst~like alveocld shat
are given off from the lateral walls ol the respirztary bSronchioles. Thare thay
were chagocytized and cany of ther were carried into the wull by migratary cells.
wopormclear lsucocytes attracied to the area cansed an sppreciadble thickening of
the bronchial wxll. After 15 conths o dslicata tibrosis asde its sppearancs.
The process evolved 20 gradualiy that =itotic divisist of [ibroblasts could
rarely be discovered; nevertheless, the number of fins intarcellzlar collagesnowz
fibers (fitrosis) steadily incressed. Ais thia fitrosis contracted, {t partially
closed the alvecli, and with this stelectssis the lining epitheliun assumed 1ts
extryonic cuboidal form. The result waz the sdenom-liks appearance that Wll(s
described in guinsa pigs inhaling ':mceq carbide. The longer exrposures resulted
only in mors thickening of the walls of the ailr spaces, largely dus ta an in-
' crsase in ths anomt of Zibrosis. The fibrous tissus alsqys remained cellular

i never showed ths hyulinization cheracteristic cf silicoszia,

18. Progressicn. Ths reaction produced in exposad guines pigs ¢id aot fre-
gress sipificantly during o stheequent period of 27
ouths whon the anizels lived {n a ooreel Atdoepners. Zetwsean § aid 1l conths
aftar axrpoeure ceased, he cellulzr reaction hsd been mcplstely replaced Sy
thin strands of [ibrozs tissue, Cbserved still lorger, ths scar tissus decrezssd
in epount tuat 4o the last znimal sacrificed, 17 months aftur dlscontim=ing dust

axvosore, sms {xrosis was st{1l visible.

15. ZInfection Coircident with pust lohalatiom. Of the group of LO guinez

igs infected with attan-

uated tubercls bacilli (R strein) 31 dled or ware sacrificad befors two years
of dust exposurs and were reported in ths psper by Gardner and Cummings mentioned



N

above, Seventequ ¢f these died Tron intercarrent maumsnia. Briefly, the re-
sults wyre 32 followss 10 rovealed sozs evidence cf roreid of the tubtereulous
[rocess; 12 € of thase 1t waz confinad to the Lungs and in the other & Lhg
wbdoz=tinal viacsra alss were {ovolved. Usually a 2l{zhi iscal ‘axtension af the
tubarculous infection had cectrred tut subs»quent nealing had rasulted in £4-
brosis of both tha pulxonary lesions ard the secondairy leosione 4n other srgans.
The healsd pulmonary lesions showed core {i{oresis than i3 characteristic of
either “ubersulosis or asbestosis alona.

The 9 anizals which were still alive aftar tmo years of dust exposure vers
sacrificed at intervals during ths following year. In U of thex tha cri=ery focd
of infecticn had hesaled with fibresis and evan caledlfication and therz was no
svidencs cf progressicn. In ths other 5 the tubarculous foed showed cridancs of
hevine ceeviously stresd loeally: {n b of thes 4t had healed, by thna time of
autopsy, with excasadve (ibrosis; in the othar animal there ¥a3 2 genaralizod
chrenic tuberculous pnswsomis in one icte and isolated primarTt tuberclss, wiex
ware gtill active btud had not spread in the ather lobes.

Evidence of extensicn cof the infection was first sasn afler 7 months cof dust
inhalationy during the next 20 months oore then half of the anizels zhowsd an
sctively sprsating tuhertulogis and in 2 of thex small cxvitles had developed.
During the last § mcaths no m: exhibited oy evidence of active ‘nfacticn
eltrongh (o hall of thar thae healed Tihrouy scars of [Teriovs extensicns wers ¢t
vigue, Sixty per camt of the Awirax pigr with oprsadly laotasy waberculoesis

ahowed tubercaloeis of tha spleen and liver,

20. Infection S uperimposed Toon an 3stablished isbewtcsis., Twslve guinm

pigs, after in-
haling asbestas dust (oc nearly 26 months, wore fected wilh tudercls bacilll and

thea resoved ts normal air., The subplaural tubarcles in the dusted ani=als wers



2o rors Mumercus than i non=tictad fnnnrols, Syl 3 considarebia mumbas sare
Jeund in the depths of the lung sbout (oel ol asbeatisis. The reaction to infec~
tion showed only slight local cmtension abmt the orighrat sites in $he lLuncs

and tracheobronchial Irtph rodes. iha abviooinel viscsre ware involved in cnly
ons aimal., Cesestion wes fowrd in tuberclies 1-1/2 months old b by 5-1/2
ranths it had completely dinarpeared, lesving ordy scarr tissu=, The 1a%ter still

persisted {n ths last andanl, which wea kilload b wonthe atter i{nfecticn.

2L. Asbtestosis 3cdies. edarate mmbars of zabasteals tedias occurred in

the lunge 3l the guinsa pigs, beceming zxs RUSmIous

and zore distinetly seguented in latear months.

22. Fabbits. Rabbits axposed tn ths ssbeatosr dust far porizds uwp 4o 19
oontha develnped 2 loi-—g:rada foreign~ondy tyme of cmastion Lut
N fAhmosls. dlthougs their. lungs cuntalned particuiule alementa of tha st
fibers were not pregant, indicstisng that the apper =oniraldry sschivaisg of the
Tabbit is adsquats to exelude Slbreus fmig;\ badies, Two Tabblts, alfter inhalisg
dugt for & azd 18 moathz, livsd La opormal zir for BOTrs than @90 y3era.  Ah 2ulcopar

peither anizsl showed gy avidsncs 2l szllolar reesiiom o- fitroalz 1y Sbe ey

ina) brenchiclez ror were thamy £f ssbeatssin todisd.

33, Pats. ALl the white rat2 Nad sequired an infiction; resulilng in ths
formaticn of ruiropary shacessts, Lefore they cama to zutepsy.

Lpperently, 22 mich heqvy Titus obatructsd bhedr oeorchl What vary (or {{(vars

']

could hava antesred SLhadir limgs. 1o a (g% of 130 73hs; an Sossadonds asdestosin

body was discorerad but therw wet ne [larosis.
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ized under three hesdings.

A, Eflfect of ‘he inhaled dust on normal cni=als. The Iirg's Mcats

dust caused a choren-
teristic peribronchiclar fibtrosis in guines piga “ut rot ic rabbits or rets. Thae
fibrosis did -0t rogress aftar the dust oposure was discontinusd and the guinsa

pigs transferred to noraal air.

Be Llfect of the irhaled dust on tuberculosis in ruinea wics. In pdrea
. pigs in-
fectad with attamuatad tuberela Ccacilli =4 then placsd (= ths dust rom, the
result: ware moro variable than in usual {n en erperimsmnt of this tyre. A fex
imls showed co sign of yrogression; in =ost of them thers was ovidznes sf tome
porery [Togression wiih subsemuant healing; in one amiral there was contirmous
progrogsion to dsath. In comtrast. whan guirme oige, aftsr baing icfsciad, ;u-e
exposed to quarts instead of asbestas dust, the infactiocus procaszs comiinues Lo
pragress ard ermntually canses the death of the animzlz, Cuo the otlmr haod, o~
rosurs 2f infesctad aninels tn & harmless dost 1ila c3lcite or grpsum doss not
lead %0 uy progrension of tng {nfsrtion. Duinsa pige infected with atteouvatsd
tubercls bacilly {ollowing the temminatinn of about Lwo years' exposwre to asbesios
Gust 414 not devslop trocressivs disesszs. The only mediffcation of the infection
was in itz localization, & few hacilii taing retain~d in tha fibrouws terminet
Gronchinles and forwingy ttbercles thera in addition to the usval foci benszth tha
pleurt.
In view of thia vardisbilily, the wusval paturs of the response and the Righ
prepertion of deaths frum interevrrent poermoms it iz felt that dafinits conclu~
rione a3 t5 the influenne of this fuab ox tha cowree of tuderculous {nfection are

not justifled.



C. Effect of tubercuilous infection on tive r=actioz 2o iaNaled dust.

Icfection corpliicating asteetosis sccantuated the tandancy of the
dust to producs fitrous tissua. Thix changs ocowTed vhelheT @@ mot tha bacterisl

lesicn was in comtact with ths zres of dust roactioa.

5. Inhalaticn Exvariment with Short-fiber Aisbestcs Dust.

Since haszai dous dusts like gquarts are moct affective iz producing fibrasis
when the perticles are } sicrens and lesa {n size;, an ivhalation axperizent was
carriad on to determing ';hsther this candition is trne siso for asbestos dust. :*
wag thought thatl by using a short-Liter 1zbastos duet cousistinyg elnost entirsly
af fibers and particles smaller “hen 3 wicront an sccalorsied tiseue respomse mic—t
he initiszted and an advanced resction obtained in 3 zhort %f{os. The previous
inhalation mrperizent with Xnsisc floots asbestos, which omixioed fivers fren L
m. t3 1 cloron or lese ‘= longtih ag woll 22 & zreat deal af particulate zatter
#ad wvhich procuced a typiczl perilzonchiolsr (ibresals i3 eyposed puires pigs,
aervred &3 :.'baeis of comparison.

26, The dustiss zatarial for this exporiment wms (ormardsd {roz ihs Manville

plant of the Jotne-Meoville {arporeticn. It zur fhe remsbig of fivers
collected in dust bina efter & carding cporiilin end scresnsd To pese 258 reso.
Since the material as rsceived cantainsd wany lotg {itars; It was gowsd lu e
steel ell i1l 12 redose meacticallr 211 tie parilcies w 3 xicrons o less is
sise. Yhan nsed slome in & rtandard dusting machire, thls {lnely—growd asbestos
teded to peck in the borper and 1V wcmme necangry o oz o2 vyoloms of Lhe uc-
goud materisl wth three wmlicees of Lhe ground £5 gowerits & satisfictary dost
clond, The addition of the small quantilty of unground asbertog wap Tlortiusaie
becanes (% mnfused the irtarpretsiice of preselia. Frobably the sincr smemt of

reaction thet devaloped - "r to tha Lung ({bers in the edxture slthough Lre
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date of iy crmm'da not prove the poimt,

7. The commoesitipn of the shart-fiber asbestcs os racedvyed 12 dizzlcsed SF
3§e chemical 4nd petrographic anealyses given (o Taklo L. Suwples taksn
before s @lter gristiizg 7ielded 3bout the =ans volues on aralysis, indicating

that therewms 1o comtazinaticn {roa tha mill or loss ol water content.

8. The dnat compemtration variod ssmevhat during-the cxperimant ard Yight

-

Bald counte Tor atmosptheric zamples collscted inside the ani=a) cages
vith Lhs impgnger sy;niitua ranged {rom 63 etlllon to 182 nillion. The averags of
comts vag 190 xillicm f‘or ths first year of the axparimant, 1l atllion for the
sacond yewr g U0 mfllion for the third year.

2%, Sige-(recuency; sexsureaents of aira(loated duat {rom inside the cages
&t & cagnificaficn of 100X revesled 2 great twaponderancs of fins par-
ticles (Tablg 5). Reariy 90 per cent of thy marticles seen wers gzaller than 3

=icrons.

X. FHResction in Amingls t0 Tonaied Short-?iber Aaliestos Tust. Four epecics

of .airals =~ a.zinu pge, mite rats, cats ind rabbits - were used in
this experiment. The reeults of the cust exposure, which are sumarissd i
Table 6, 1) be cousidered more in dotail below.

51, Qutnea Pigs, BEighty oones piza werw originally placed in the dust roem
but 21 af them wers later elirminated from the exparizent

and Kdllad becamns of eclarged Lrmph mdes, Of the other 55 animls, LS remained
in ths dust room until Yhay ware sacrifined or died from natural cadles ot 13,

aftor being oposet to dust for 20 somths, were troansferred to a normal atoosphsre.

32. Rate and T}g of Reacticn. The type of tigsus resction to the inkaled




shert~{{ber 1sDestos was asszntillly dhe saom as that alresdy chserved (n the
axpexinent wWitd x:i_n;'g floats acbesion. The rats of reaction alse was ooproxt-
nately tha sxme Bt the extent of involrement with the snat-fibar dust wzas

very ruch iess =ml after 16 to 2L sonth: of exposure cnly & very few amall feet
of reaztion, which‘zener&ll\y required microscepic ‘ez:zzz:Lmtior. for detection, wers
produéad in the gxinea pigs.

Unt{l expommns bid coutinued for approximately cac vear, there was listls
terdsncy for dustecontadning phagoertes to collect inte clxxps. By 15 nomths
chagocytes had begem ¢ collect abgat the wills of a few of the respiratory bron-
cldclas vith & Littls roliforstion or infiltration of monomiclear cells $n thass
wxlls. There werv'ilss some rultinuclestsad cells but they were aivways of tha
inert foraign-dody typs. At 20 to ¢l menthe the calluiar clumps were scoatiasa
quite dared o sooetimos charges in the eplihalium resultod {n the zdencma-like
or “:dencmatold™ appearacce jwevicusly described In Jection 17. In ost of the
subhsequent Dezbery ol ths sariss, the reaction roceined celiviar in t:rps.‘ Iz a
fex, howrver, fibrons slemrmta dowmirated the picture. In the latter case, the
csllagen was _jz.}.a in eolor ard temucuz dth no heavy wwollen Ipaiinization. As
i3 the rans descrited halow, ihe alvealar wally adght be made vp of 4 bikad of
collagen sopporting & isywr of srdthslissx, hut with m contalned capiliedies., I
the trachectronctisl lyxoh nodee tha resction vrs wore rotounesd in thdls operti-
pert Lhan in the previcas cme xith King 'z floets ssbestos, juobably becanee =f
the tracsportatlicn al an acess of fine particlea to the nedes in axirals {nhaldirg
Rhort-liber pabestoe, The reastion w=z ssrentially za increass in relicuum, rather
than & Citrosgie, ~ith pregservation of tUw origzinal oxlls Twtween tha thickemed
reticular & . Cllus crronde plour ithout, svidencs of palemenary lecticn

A

Wt present in g far -0 e,



dse rt-cf:;'asncn. g f;r-.e ‘.)—:/u:ﬂm’:ﬁzns folloming the cemsation of 20 moaoths®
axrosurs s dust, progressian of disesue was not dafinitsly
desonatrated but neithar cculd it lLe gbsalulely cigvroved, swing {0 the varig-
Bllity of the response in diflerant anims. AL the end of the dust cxposure of
0 months two pdgs were read oz + and one 23 2+, ‘oong the 13 removed from dust
the findings were variadlat 1{n 2 the toacticon wes I; in L it was «; in 3 {5 wge
J*5 42 3 it was Lep and in ons animal it was . It i3 quite possgibls that those
with the most zmariesd changes had 3alraady cdavelopad ore reaction then thg rema’n-
dor bty the tioe exposars ceasad. Since the oorTs ssverd roacticns occurrmed gpora-
dically and bore to rsiztionship tc the langth of tins si'ter cessstion af arpe-
sure the ci.‘..t.te-:mees wary sttributed ¢o veriaticn 4o individual sesceptitdlity.
Thiz visv received suppert fovm tha chenical analyves (Table 7), which aften re-
vealed coparable snoumts of ash and 2ilica in lumgs with widely diSfermnt movmts
af tiesus changs. Por axample, the asn =d silics viluas ware quite simtlar for
three animals in dust 20 months :d thag in normel air 13-3/L months, yst the tis-

sur reaction for one amizal was Le; for encther, *; and for the third, only &.

3, Asbestosis Bodies, Ths forustion of asoestosia Sodies wae at firgt ex-

tresaly limited. After S wooths' exposurs caly a
very rars short body could te fourxd, ustally inalde of cslls, iromnd tha finest
int:scallnh.; pcticles thare wers yellor depoeite 2xving the sace color es the
ssbartosis Sody. EXpomare of ome yeer hid parmitiwd e sccumlalion of merg lomger
fibars abogt which the ssdesicsis-body couting developod. Most of thess ware
still short anomgh o0 be partislly ar entirely within pnagocytiic cells. Uy the
20th oonth and tharsaflar, tbey wewre coeparstively ouwmeross alticugh silll rars
in ecczparison wita the {indirgs in the Xirg's floata expsriment,

~17=
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35. Fhits R:ta.‘ Severiy~threes white i’até Tore axposed to atzospharic soorte

fiber asbesios dust for periods up to 32 conths, Sacri-
fleings dusi~~ tho first 10 Donths wero made toonthly and for the remaindar of
the exparimens &t less {requent irtervils,

36, Rate ard Tyme of Rsacticn. The dust cells umtil 8 donths wers widely

scxttered and axisted in focl anly gporadi-
cally. Reactiam wes lizdted to cccasional eslight thickanings af the septa about
amll scowomlations of dust colls, Ix & fow rats at 1C months, thers was a sug-
fastion of esriy Zibresis but tha change way 3o glight that it would probably be
cverlooked without tha clmmm cf dust cells to attract ettention to tre zrea.
Only 10 ani=als vers axposed {rom 12 to 32 montha, In esch of them the lurgy
showed mirute petches of well-defined fibrosis distributsd like Shat of asbestoais
but without asbeztosis bodiss. The lesions, visitle only at & cagnification of
150 dianaters or zore, consisted of matchesa elong alveolar ducts in which the walls
of ths air .ﬂ;t.:u wars vary lldck, due to swollon collagen framewori., Couaciive
tissua end Soot-Eleischorsid silver sreperations revoelod cozplete loss of capil-
lary bed locallye. Outeida Uhs onlligen was a thin liyer of spitheiisl cells.
This did not mszemble the *sdencsmtold” chamga characterirtic 2f guioss [ as-
bastosis, !0 pleurizy wea xesent. Yoer the lasicns the «ir spaces wers (illad
with phagocytes comtaining oray to rallow particulats dust md‘a rare long nakad
asbestos fiber. Careful searc': fallsd to roveal even 2 guggsstion of an ssbestio-
sis body. The tracheobronchiel nodss shicwed compact focal collscticas of moro-
crtic cells at 12 momths and, at 20 oonthe, soms diffuse thickeaing of Lha

reticim, In z fow rate thers we dsfinite {ibrosis slang the marging of the

node and exterding into the modiastinal areslar tiswmus. Compared with ths responss
to active dusts 1iks quarts and chart the resction 1o shert-{iber asbestos vas
oegligibla. 7 o o



Resulis of chextical analyszes =made on the white rats are given in Tabla 2 znd
the average valucs have teen tabulated in Table P for coarmarisen with simlar
values for rata irhaling othar dusts. The cencenwration of atoospheric particles
to which the anicals were oxposed was approxisately the saae for asbestas and
quarty; for the gypmerquarts zixture, it was &bout twice as high and for chert
five tices 28 high., It will be noted that the percentazes for aasbestas are lower
than thogse for Quartz or chert but are similar to those for the giTsus-quarts
oixturs, in which atxospharic agzluatination tanded to reduce the amount of dust
inhaled. I cight Se inferred that the total.gquantity of asbestos dust inhaled
was low or that it had been elimingted from or dissolved within the lungs. In

ths present stats of our knowledze evaiuation of these hypctheses 15 not possidle,

J1. Cats. Twenty cats wers uwsed in this inhalation experimont with the
short~{{7er asbeitss. Lighteen were X2yt in tha dust o= il
doath, tha exposurw period ranging froo ons month to nearly L.l/2 years, and two,
after a cust exposure of 31-1/2 months, wers rezoved to nor=al alr. ‘C‘ne of theae

ras sacrificed § wonths, aod the other 2L zenths, latar.

3., Rate aid Type o7 Reaction. The resctiom was evsentlally trit to 2z inart

P

dust, even sftar =ore than L years of expo-
sure. The tigsus rwsponte {n this =Hecies wes conflned L mlcroscopic foci of
fibrasis in the walls af groupg of aubplevral alveoli, rather thao in the peri-
broncnioclar &rees, In one amimal the chanpe was evtensive encugh o 5e visuaiired

on gese inspection of the section.

¥. I-favy Changes., Culy in the snizal with the lorgeat exposurs did the

L-ray reresl definitely abnormal shsdows. Aftar 29-3/u
oottha the picture was regative] after LS cenths a faint rottling could be detected

throughout beth lungs. 4t autopesy, § =months lster, thers was only microscopic



$i3rosis in the gubplaural zeons plus hezvy lymphecitic infiltrztion about szall)

bronchicle=s.

0. Aisbestosis Bodiaz. On prolorged sesrch a few vellow atypical ast- -osws
bodisa, smooth and without “=ustrativiw, were [our<

in two aninais expesed for mare then a year.

Ll. Rabbits. Right rabhitz wers expaeed to dust fer pariods axtesding (row
ona to nora than five years. The last aniwal was renmoved

fraz the dust room and laft iz normal 2ir 6 wouths beiore daing sacrificed,

k2. Rate snd Type of Raaction. Thera was never enough fihrasis to be dee

P

tected groasly and thars wns a0 chrorde
edheeive tlavrisy. Yceroscopin avidences of alveclar wall thickening was {irst
datacted after ahaut 3 rears of erpomirs and was seen in all f{ive zni=als exaxinec
Werssliter. In cns snimal that di:t:.l. of prralyeis afier neari\v four _ma.rsl of «x-
pomTe ths r_ec.ction was axtensive emmugh to be visiblo on grose inspectiion =of
tissus sections. Tha nossidility of pulsamary infection i tnis ani=al could not
ba mxcloded, Fowsyer, (n enother anine) dying tw 7e2rs later ths focai Jibrosis
was got neerly as abrvicus or s advenced. Aress of {ovolvement; which wurs
largely visualised henwige 22 stugocytic resstion mithin the Ur spaces, texdad
werescopleally to becore 2ora .fi.b'rm'\s with the passage of tvioe but there wax

never zuch sncroachmt upen the lumen of olr rpacer ind the architecturs of ths

lung was presecvad.

L3, Asbestoels Sodiss, ubs'srtr;a hodiees wxre nat datectead {n radbdita thsat

diod agrly in ths axperimant Yot sere seem in all

aninals thal hod been ©posed 46 the duat for nore than thuoe years,



Lk, Sumary and -Intertretation,

The original purpose of the experizent was to avuluate the chemies)
theory of the pathogenesis of asbestogis. It wmas felt that {f the tissue resce
~ tico %o asbistos were chealcal in orisin an ¢ lersted cr acceantuated Teaponse
would result {rca exposurs to [ineiy-divided asbestos, zs 15 the cxae with quarts.
This experinent, {n waich the resaction mas slower and less extonsive than with
Xing's floate, indicatea that the reactisn orobably is mot primarily chemicsl (o
naturs,

Of ths four spsecies exposad in this exporizent only the guinsa pig aod
rat rescled vith characteristic peribronchiolar fibrosias. The cat reacted witn
stypdcal sub-plearal {ilrosis and in ihe robbit the fidrasis which occurred could

not be positively atiributed to the dust beczuse of & stroag possibility
of pelmnary {ofection.

45. Inhalation Pxperinmant with 100 Per Ceat Ball-Uilled hsbeatos Duss.

In the inhalaticn experiment wiih ahort-{iter sabezice dust 3 small quantily
=f unground asvestos was mired with ground czterial in order to produce a suitabls
duxt clzud. Then evidence of & dust resction sppeared {n the guinea jdgs durirg
the expericent, it was nct clear whather thiz wis & tissue respanse o ths smail
numoer of locg flbers in the unground asbestos T wis & delayed affect of the zare
shurdant fine dust, Corsequently, another inralation exporioent W astarted in
vhich no unground satarial sus used,

L6, The dusting material was the pround short-{iber xbestas used in ths

revicoua inhalation experiment but no unground material was mixed with
it. To obtaln & sufficient smourt of atmospharic dust, ths design of the dusting

pPeratuz wes changed to ano open type af hopper and {resh dust s added daily.



Cring to the tendency af the mste~al to form c=ill spasrules which rrevented
Tuck of the {ibrzue portion Qo [oating eut of the hovper, Lhe dlazersal of
the qust =2 rot antirely satisfactory and aftsr 7 months of operation, <he cdusi-
ing reehing wase | ucenrorted Lo its original desicm. To prevent “plllirs” or the

[erwarion of slhemilos of aabestos, steel wire brushes werw attached to Lhe in-

(7]

ice eurface cf W hopper and to the rotating naddle. This aiTangome:t gave

satizfoctory resule and sy used for the remaining ¢1 wonths of fhe experinent.

L7. The cormosition of “he raw matarial (short-(iber asbestcs) and of ztoos-
rheric dust llberated from the ball-edlled product in the dusting ma-

chine i3 7iven in Tabla 10. These values are based upon petrographic study and
fL-ray dilracticn wwlyais.e The atzcstharic sarpls was cellacted vith an elec-
trostatic srecipitator after wire brushes had been installsd in the dusting
meshize, Frovizus to this, ths chrywotile comtent of tha air-suspended materizl
a3 urdonubledly leas than the 1S per cent valus given 4o Tabls 10. In an irtar-
in rerort, it ras siated that tha sir-borna dust contained abont § per cent of
chrreolile tefore Ui wire brushes were used cod up to 8 per cont alterwasds, btut
taese ralues were probably low. CQuantiftatlive estizates on ball-edlled asbestos
dust may be somewnst insccurate beacxuse it is L Lficult to deter=ire how much

of ¢ cdust saapis 14 filzous chrysctile &d how much s noa-{iSrTous serpentine.

8. The dost concemtrition for the first 7 ocnths of the axperirert was

about 100 ctllicy particles per cubds foot of air. Aller the wire
Stushes had been izstalled, tha dust cowrts were a 1iltls highar and tho overall
gvarage for the flrst vear wus 104 ={1li{cn. Tha sverage of counts for tha second

year was 163 zillion and for the third year 1LS amillien.



9. The rize-lrequency of the cocperamis of alzospheric dust eallectes
inside the amiral copey =iil W electroewatic apparatus is reported
in Teblo Ll. Two paxmles were tilian, ons btofors the 'rire oruches wmre installed
ang one aftar., IL w11 by noted that ofter the wirs "rtchas wure in uco 3

Zredlar proportian of vary fine particles and :'_l:-e of locger fibers was veleascd

ints the air.

0. PAeoaction iz éanimals to Inhzled 100 Par Cart Lall-illad Asbeztos Drowt.

Guinea pigy, rats and micy rere used in the inhalation exverizent with
the 1CO per sant bell-willed 35082ted dust. The results ars surssrized in

Tabla 12.

1. Culnes Figs., The erperizont was slarted with 100 guinea nips. As the
aust arrosure preceeded, there wers 32 accidental ceaths,
3¢ of prewonia in an cvideme. after 20 momths of dusting the 1€ surmving

guisea a3 were franaferred 6 toroal ads.

P

‘i, [ate and Typa of fwactica. For the firdd yasr o cxpagure precticaily

the only raaction (o the dust w23 the [Tee~

sance ¢f tcattared phugocvtes ard an cccssionsl rirmte asbestosis bedy, At 19
and 20 coaths no gross recnonzes was 7iciblo on the Clgsua sectlion but —iercacopizallr
poribronchiclar foct of inflammatery ~=lly could ha gecn. AL 2L momths thers was
3%111l ro change J&Tge acough to ba scen with 3 hand lerz zlihough ler=scopic
axaminstion revssled celluler zocumilotions aboud tarmircal Lronchiolos and wary
Bors asDestoais bodiss, chiefly wivnhin calis,

Cherdeal analyses of tha lungs (Table 13) rersal that in spits of the

limitad tissus redctian csrzidarztls dust had besn retzinmed in the lung.



53 Frorression. The lmgs of aimals exposed for the {ull qusting seriod

(28 rontis) and tam Wvine in ezl ads for 2 zortas
revealed tha changes dazcrided povz and also vory alight peribronchiolir fibro.
ais. After i} ronths in norrmael air tha findints were &imiizr but at )3 =zomgsthr -
of & amimuy stowed groaslyvisibls charscteristic peritwrwnchiolar fibrosic with

adanczrtoid changs.

Sh. Lyoon Bode Involvessnt. The trachoobrooenisl nodes wxre essentinlly

aogative uotil axposure had teen coniinued
for more than 2 year 304 & haif. Animsls macTificed at 12 moaths snd 15 months
revezled a fer winute collectione of phagocytosw coniadining particlss tat prze-
Wleally no (ibsrs larze encugh ta be rocogaized o= :ﬁch. ~Lter 20 months of
axpormre By monocytes filled withd yellow gramuiss ¥ers present., At 20 montas
thare had tean 2 siight increase in reticodiom dub ne ZLlvosis. bBo Jiiher changes
occxred in the nodee., -lsbestoois todies were nol s<em in the nodes of arg =f

ths gainea vigy.

5. Asbestosis Bodins. llimmte ashestozis bodiss ToTe otsavad &3 early as

3 months after axpostre bezan, Dut they Sid ot be-
‘o mmarets il 15 mombbhe red elapsxi. Tha todies wers ohoct and practically
all were irtrzcallular, alidough 4 20 sonths scre were long movgh U2 project
be7ond the call Darders,
It is irmportact to octe that {n the lsler wmontoy of eaxgomme there ves & Lis-
tinct ‘ncrease ig the tm=har of lomg flbere {p %o 70 micrors fa langth)in the lungs

enc that afler exposue cetwed charscisriziio long sshestosds btoddies wurs scem.

5. Whits Rats end Mice. In this exparimsnt LO rats wera exposad for paviods

up t¢ 20 momths and 2l mice for pericdz up to 12



acnths. Neither speciss dorcloped 7ot 3 susTosticn of asbestoeis and reactian
338 limited to nhagoertosis of irhalrd particles 7y wllely-scattered dust cells
vhich remadnsd froe 40 air apaces or were Lransporica tn the tracheobronchial
I7eoh nodes. Mo 2sbealosis Lodies vora found im i o rats but io the mice there
ware & vory {ew small ~on-haustrated foram witkin pligocyies.

In 21 mousa lungs sactioned thern ware 3 instancas of pal-oonzry sdencms (149,

57. Summry and Interp—station.

The tisgsue rusctions observed in this ezperimani wwre mich legs extensiva
and slower in developsant than in tha previous imvestigation with short-Ciber
asbestos. JSince presmmably thers vore ferar fiders longer than 3 microzs in the
material used in this experiment, the results terd o ceafirm the imterpretation
mads 8 Scetion bh of tha shost~{iber orperizant that the reacticn probably {s not

rrimrily chemical in natwre. )
Tha [inding of long asbestosis Sedies {n apimals intaling the ball-xilled

catarial is en sxaapls of the dliicklly of completoly elixinating leng fibers frex
an asbextas npreparaticrl

In regard to progressicn of reaction aftar recoval (roa dust, which mas ob-
served in this experioent it not in ths others, ths following {rtarpretation is
affered: Them the reaction i3 well<eveloped at tha termination of exposurs,tas
coatTacticn of the filcrous tissce would otuoure any possible progreesion. Ia this
experitant, bowesver, 2inoa orly the carlilest stage of reacticn s rresant at the
tire cf removal from dusi, {ts sabsecuent progress wmaas apparent. It should te
notad that the dogree of [rogression was so slight that 1% can have littla, (£

a7y, wastickl sigmifcancs.,



N

Je Irhalaticn Beoariimmt with .—om ~tiver bestos LCUsT.

As
Aftar anizuals iphiliing short={iter ashasics dust for mor= thin ¢ rear rad
fallad t5 dovelop sign' Tloemt reastlon, tho hypothesis that ds2bestosias is pro-

duced bty the mechardei. irritatiom oC leong firere waa given sdded zupport.

Slpes tha Mdngte (loa%s atbesfod used in thz fivat {nhalstion experiment jwd
6 rather law ceatant of (lhrous cnrysetila and cenliined considarable serpenting
and other impuritins, it was decided o souduch 2 new lzhalabion experimnt with

s purer form of chrysotile which =ould be richer in loog fibers,

2. The dusting szterial =azlored in thiz trnractigation waes ottaliced Lrom

tos Hanville plegt of the Johma-¥exwiils Corparatica. Samples of se=
varel Taristies of aceosioe duad =g Sivel subnitted to tha Saresnac laboratesy
for scamiration gud cns KAnd, fdantified ae 1ot D, ¥ish w23 low in cagpetite
acd chromita and had 2 {ibroue content eatimsted to be abont 375 j:sr cect, was
selacteri 32 noat aullal 1' Steel wire Fmishos were fastaoed Lo the inaids suz-
face of ths hopper ard %0 the rotatdng paddls in order 42 open vp the bundles

of asheatos and Ulherats oore [ibars inis the atwosphersa.

&. Tre cozocaition of ths long-Citer sgbestor T9ad in this exparizent iz

izdicated b7 thm chamical srd petrographic auilys=s given in Tanle Ui,

It zrpesre thet this metasial §23 & mioh o form ol 220682 than Vhae aheri-
{ibar dust. used in atrer mperioett. “his 45 boens ot Ly coaparing ths approx-

inats anslywes of the looswfiter aod snoTt-rinar idusrt in TDle 13,

£1. Tre dust concantraticn 28 mwrcaled v impinger semplae takan lnside the

enizgl cages W muCh Lower Lhan the coneantration for the expsrisants
vith ahrt-fihar or hell.odlled dvst, Por the first ysar of the esparicant will

long~fiber asbestns the evsrage of the Light fleld comte was 32 zilliony for



the aarard 7ear, LS odlllans Cor tha third resar, 3§ 2tllieon; a=d for ths rouren
7ear, U3 =illiem. Ixamizaticn of thae imploger sexrolas wiih dark fiald iiliptin-
stlon disclosed thet mamy fine psrticl~a lass whan soe nioon in 7is 20cespanied
the larper rarticliss &na dark fiald coumts wers; on ths averrgd, about S op &

tixes larger than ths light fsls counts,

62, The size-freguancy of atmospharic az:xpla- of thy long~{lber asbestoe

durt and of the ball-cilled dust iz shoen in Table 18. Beth sarslcs
wors calleatad with tan eleactrestatin pracizitator, It will te noted that thare

wes far oo (ibrous msterial in the lorcg~[iber dust.

63, Rssction in inimels to Inheled lons-Tiber tsbestos Dust. Guinea pigs,

cate, rats and rice warg atployed in the inhalstion exporizest with
long~/ibtac asbestaz. Results of the sxparinant, sunerized in Tabls 17, ars

described {n greatar detall below,

&i. C(uinea Pics. The experiment wne startad with 200 guines pigs. After

eposurs hed been cxaried on {or 31 yoar, 2 seree zpidasic

i pnsvmenia arcae (a tha dned room ard aboul ope-Lntsd of ne animels died exr

e Kilad, 7o replaca tham; 3 reme oninea pige wmrs xdded Lo 0a surivieg

groun in the dust roes.

¢5. Rate ond Tyre of Resctim. Histological cxaminstion revsaled cesely

7izibls lasions (= the lungs after § oonihs
of sxpomire a b, rcoralrting of e3lluvler infiltration about the tercinel
branchialas. &4 11 zonths, thars mers sdemometold chemgse o the oir spices o
by the 164K manth 2 defindle [ihroxts «»x pregent. in theas sreas in half ths
salrmizx, The fibromg lerion comld bo seen sacroscopicelly st 20 couths. Prow

thie tima an the reantion inmcrezssi in sxtant and {n the azowmt of collagen @l



b7 o+he 3ith oenth, 1t hed fanned out ioto the perencty=:. The lesinns were

L'
rather sharply localizad ang e extenzicns lrom dillesent Lrsnchioles showed
10 teadency to futa, =ven in cnimals exposzed for the nvwimm pericé (3 Tears).
Adtrough the intra-oulnwairy Traction zometizas reacred the plewry, laere wos rno
invelvenent of thal codrana. o smpbhysoia was 'ri:—,:'.bj.e av any point. Cozxe
thidckenips of tho Wrsar oronehd wlth & chromde {nfomatorT tnfilirstisn wae ro—
vealed, but it pj-obahh meS no tore than would b6 procduced b a4 similar esxposure
to any dust, For the firat 5 monthe the phagocytes consisted of wonocytes or
very wmall giant cells; luler, giant cell [armation was zcre preminent. After
16 =onths the giant cells were lorge, fillad with yeilewish-trozm pigment and
sometizes ractslated. An occasional antmal shoved an wixixturs of polymorpho-
nucleas leukociies 2nd, in guinea pigs e;posad fer & conciZoratla pariod,
eosinophilea. Tho rzaciion was ai fi=st entirely z2eilwlar Jut dy 13 aomihs fi-

brous tissue formation was doflinite, Homewer, (i never atia aed 2 staze of

walinization suggostive of sillcoatis.

4 mocerate inciviivzl varistion oecurred zoong whe cxmased & =313, Leith in
the rite oF dé?ah:;i:.;:aaio:u ard in the 3tage of dovelommant altared a2t e
end ¢f exposurs,

inalyses of the lozzy {Table 18] disclized inat although the tissui respense
was guch greater i{n thess guines pigy ihes in those exssd 1o eithar shav-fiter

or tallemilled asbestos, Lthe smount of cinersl aztitor iz the Lung ash w3 lcc.

Q

8. Progreesion. In guines pigzs exprsed to tha dnst for 20 montns and ian

temoved to nor=al alr, thare =ns a 2zarked tendency for
cellular (oflzmmgtory reection o clear, This affect, ccoompanied by comtracticn

of the {ibrous tiseue, rozulted in a dimdnishing size of the {ocal lesions. Hane



of thesn ardrals, Wiliad at varisus peiods ap to LL Lortis ofter sxposure,
ravealad losisns aq laecgm 23 Lhagn in Lthe Sroup cacriicrd 3¢ 8852 08 of fhke
cO-tonth 7pcsura paricd or Lhene ia anipals vhich tenalscd in Lhe dust r~=cenm

{er eore than 20 months, Fourtesn months after £ust e - -ure coased, the foct
In {four of the a8y remninins suinca plng ware s small thal ther wars visidble
only withi @ hand lens.

Roacticy L2 the growp (“TO—.P. Sov 3T Asntho and Lnen transfermed L4 2 norazd)
stowozthers mis quite similar to ths response jn the 20-month exposoe acisals
reatiotned abovo. Fomover, mmall (aci wmre always tisiblo on 7ross fncpaction of
sections of all Zulned pilzs of tha 2T-eenth seriass ond in a0 instance was thers

aricence of axtension of the reacticn.

67, Lyz=h Sode Irvolvensnt. Rasction in ths tracheobrenchisl liwph nodes

was {1734 viaible af the third zanth of =z~
rosircs, At the §th month petchas of csllnlas aannaciiva tisfue Segun Lo appear
in the mecdhalla and by tha lhith menth most of tha unds Rad besn replaced by
rallular concective tizeue, Thls pleture, ohilsh resernled that 1n early silicoeis,
prsistad 5o the end of the crperiami. Some anfimals, s 2 verient, samwed heavr
sheets of diffuse nonncyies and lirge antive glant anlle Wt thers way never any
racrrzis or hymline fozzatiom, Tha spirdla-shaped m-r n1ls weras 7llovish in

smlar frog flna oigpent orawndses Lhal stalaad feo fron, Ho flhavs or asbhostozis

hodins vars Asem,

€5, Asbeetosis Dcolws, blthaugh asbeatoais 20dies mere seen 22 2erly 23 Saa

somth 3ftAr sxposurs began, thay ware rars and hard
to fiod, 4t G momihs mave wers Tisible, chiafly eoiled {nstde glant cells, 2rd at
§ montha many hodies wers Tras in connactive tisasuas. Thay becoms {airly anmdant
e mmanrea Trogranset 2lthough Ja soma later animala tho subestosis dies wore

caly moderately numarous.
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59, Cate. Towr cats innzind wie long-{itar 2sbestcs Zust for parieas of
W, 29, 33 and L2 monehs, respectively, and wers i==acistely

acrificed, Two other cats, altar being errosed t¢ st for 16 amihe, lirved ‘=

s normal atmospnere for an .ditiopal 2L months.

70, [ate and T\me of Reacticn. Tsposurs for UL sonths was ewlllcicoms g

produce calluler azcumulations of phagocrtes
sround terminal Lrenchioclas snd peripherel zrtariocles ogether wiih compact osl-
lections of similir cslls in the trachaobronchisld lymph nodos. Al that time there
ware no typical asbestosis bodies, Dut emocth pointed yelicw fibers were seen Ter
rerely. With continued exposare, up to L2 months, reection in the locations voted
grogressed to the formation of celiviar commectize tissus which mede well-defined
sheaths about tha rexmiratory bm.c’rd.o‘-_sa-md artarivles, oarked lympheid hyper-
plasia srd Lyephoid daflitraticn of orouchiolar yalls. The onchlolsr epith-
alitm was low and flattened, giving the tubes & =mooth tomtowr. Typical astesto-
sit bdies were not formed although thers wes an cocasional yellow, szoctih,
poirnted floer, N; plourisy wua presant, Tha reaction wee similar 4= lscatien to
that Lo ths g:uinu plgs, but {idroszis wme cuch slowar in development and had act

rsached the same degrea of zaturiily,

(Le A=Ay Lhancer. Roemtgendgramn 2f lares cals yere rade efMiar exposnsse

periods of 295, 13 and L2 memthy, DS tismue cherges weTs

72. Fata. Althourh 20 rats wars placsd 4o tha dust rook, oany dded froz pneu-
morda and were not suitably for sudy. Five animels, of which o3
was exposed for 19 momihes and four for 25 ponthm, were {ras Drom palscoovary inlecs

tion v offar R basis [or conclusions,



73. Rate and T of Reaction. 4ll four anizgls sacrificed at 2¢ genths

showed a well-marked peribronchdolar fibrosis.
[n the lS-eonth animal, rescticn was just beyinning. Asbestcsis bodies were
practically absent st both 15 and 25 sonths althougn two szall amooth bodies warw
found in the 1§-month anisal after 2 long scerch. Thua, thess animals exhibited
{ibrosis without ssbestasis bodies.

u. Mice. Out of 20 whits mice used in this experiment, 11 lived a yesr cv
nare in dust and died or wers killad without showing au appre~
clabls degree of pulmonary infection.

5
7S

+ Rats and Tvps of Beaction. Reaction mas limited to phagocytosis by

oonartuclsar colls. Vsuzlly these were wide—
ly scattersd through the air spaces; = lixitead ruobar were grouped about the ter-
minal bronchioles producing gzoma Whickening of their walls., There was no sug-
gestion aof Iibrosis, The rtridng fasaturw of the experizent was that ¢ sut of the
1l mice (82 per cant) expossd to dust f{or Z yesr or =ire gshowed pulmoniry tumers,
usually mdma;wns in typs., Thess lssions did not contaln dust or asbestosis
bodies.

Numerous asbestcsis bodlsa vors onsarved in ani=zis ¥illed late in the experi-

ment, Thus, thess wuindle exhidited ashestosls bodias withcut fibroais.

756. Swomry and Interoretation.

The popese of this experizmant was to evalusts the Leportance of long
[ibers in the tiame response to inhaled ssbestoc. Thé resulls indicate sirongly
that long fibers ars chiefly responsible for the resactioan. Thus, in guinsa pigs
reacticn developed esrliar and bacams more exteansive than in previcus experiments
in smpite of & evaller concentration ¢f atmospheric dust and a lower mineral con-

tent in the lungs, Furthermore, 4 typical peribtronchiclar (ihbenaia wme ~—-.-c




in cals althougn in g sreviovz exteriment with shore-Ifber dust it di2 nes
devselop 2 this specises.
Tha cause of ths cellrlir filbreais ia the ly=pn nodes of the guinea pics

i3 not clear. It did mot ccocwr 4n othar inhalstion exparioents with astestos.

INNII. DHJECTION EFERDENTS

In crder v deterwine to vhat externt ths various fibrous pinerzls possess
the capicity %o produces tissue dsmage, mmercus isjection experimants were per-
forsed. I1a these exparissnts guinca pigs &nd radolts were used 2nd the mineral
cdust w22 injected by the intratrschaal, intraperitonssl and intravenous tech-
niques. Sor the purpose of sioplificaticn the findings in each sarias of tests
hzve been cordensed and reporisd in t&hl;s, Lo which reference will bs° zide

later.,

75, Experizants Usinz Tatratracneal Tachnicus.

Sinca the ssbestos winarals do nod omise & typlcal advanced [ibresia in
axtra—puloonary Ltissue; ths istssireches) tecrreizus i tha perflerres wey of 1o~
troducing fibrous dust 4in%o the exps=teantisl znipal. In thle zsthod the dust
euspenrion L2 injectsd by means of ¢ specisal needle or catheter deep into the

trachea, from which L% Clows into tha lunzs,

73, Comxrizon of Pihreus srd Mor-fhrous Tusts. To -demonsirats thatl o

ability cf sstestes o
produce (ibrosis raaides {n {ts flirous sharssier, tne serim of {njection experi-
Dents reported in Table 17 wars periarmed. The testé werw made with unhaatod

lorg-fiber chrysotils ard with chrysotile that had been ignited to destroy Lis
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{lexibls structuwro or dall-mailad to reducc “m2 Jonemr of Uller Ls 3 micrens and

lesz. At the sate tizme (orsrtl twoghs »Pore 10 7700 wriatine, widizh nts the
same chemical composition ¢2 chrmTonile sl Lve mem-TlUclo L L revwiar 3 the
[indings reveals that anly the wmhearcd long-fflier cn=yr .2 produced Sikrasis.

Fibera subjactad to Louiticn or arorlined btre balli-~arildny bid lest rair capacity
%0 cause serious tissue darzpe. Igniiioa crixdneed moartani. changes iz the Shry-
sotils fidbers, among them teingz loss 5L water, on titeratiow {rea a flernible to

2 brittls structure and peesibly other changes.

30. Commarison of Tarious Lorg-t'iber Dujts. Soim very interesting findings

.

nre ¢laclosad y the results of
the expericents included i: Tabla e, Fisah, 21 Lo logg-'iter asbostos wnerals
tested, with the excopticn of anthopryllite, oraduced a typical fibrosis. It is
not entirsiy cleer why snthophyliite bewavad differantly Jrom tha othar asbestos
oinerale, Unfortunately, € of § anisels di2d of mnowmsniz within the fin‘t, swo
weers of tho experiment i, the Suraining eniial2 sare sacrificed 3t 1, 3 azd 12
oNLEI] thus obserrations ters nav nade at the orsima pesiods ¢f 2 arl Ui zonths.

Second, with the misetal bHrucite, which is oot a =illzats tut Ly 2 fibrous
fora of macpssiwm hydrextida, 2 charactariatic fibroals like that of the asbestoe
=irerwls wae obtalinad. 3ince ths bruzits uxed cogzalned only C.P0 pax cect silica
(a3 en Lopurity), it 15 shricus that = siliccous componatt $» nob an ewsentizl
factor in the development uf actaztosic.

Third, no fibrosie resulted {row the injection o giics wooul [lbars, evea
though glass wnol resemhlep aybastos in anoe wayg. Thes ars Suxdeoental d_'._frer-'
ences, howaver. A glass wuol fibar 3 microns in diauster iz 1 golid rwd and, in
gshort lengths, is falrly rigid, while an sstestos {ibar of Lhe sz&xe damstar i3 a3
burdle ¢f oxtremely [ins {!laments which impart to tho fider a high degrss of {lax~

Ibility. IL would geam that this snructure and the assoclated {lexibilitc ara



= v factors governing the capacity of a mineral to produce peritronchlslar

fibrosis.

1. Commerisen cf Lor~-Titer and Short—+iber Dusts. With quartz dust (¢ has

bean demonstrated that
the smalleT the particzios, tho morse intense is the tissus reaction, and that therw
{8 14ttle reaction to pasticles larrer than 3 ;:icz'-om in dismeter. In tbta case
of asbestos, howwvrer, the reverse is trus and apparently only long nba:a have
aqy specific affect. This iz confirmod by the dats of Tabls 21, fn which a series
of tests witd [ibrous minerals {s reportad. Then the injected dust ccnsisted of
fiders 20 to 0 microms long, ell the minerals tasted (except anthoprgllits, as
noted in Section 8Q) rroduced & fibrosis; whem the material wes prepared by first
grinding the (iirous dust until the length of fibers was reduced to 20 xcrome ard
laes (cr, {in zome cises, ]} miccus and less), nons of the injected mineral dusts
cansed fibrosis. |

A2. Zxperizents Usins Intravencus Technigue.

The oxperizeats, described in Tabls 22, {n which the L{r2rzvencus method of
{njection waz ecployed, show that the ssbestog xinarels ere far dflarect from
quarts in thair actica on tlssus. It has been repestedly demonstrited thet intra-
venous injecticn of quarts pertizlas 3 merons and lsss in dismetar vill causs &
trpical tissua reaction =ih he develsmant of {itresis in extrzpalacmary sites,
such as the liver and smlaen. isbestcs minarals, bowxwrer, on imtravencus injection
genarally moducs caly an ioart L7me of resction; as Ls rovsalad Uy the resmults
given in tha tabla. The rsascn {or the early deaths in the «xparioent with chrisce-
tile pacticlas is not clsarj 4% may have been caused by silicic acid liberated by
tha finely-eroud minersi.
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33, Pecariomete Usinz Intraperitonssl Technigue.

The resultz of injecticn experiments with the intraperitoneal techniqus ars
given in Table 23. It will be noted that the long-fiber dusts produced = Zhroua
reaction wiile dusts commpoeed of particles ) microns and lass in sise csused only
an lpert trpo of responize. These erperizents indicets slsc that the 2ibrosis
initiated by the irritaticn of sshestns fiters is not reetricted to the lungs,

as wa3 formerly assumed, "ut can be jproduced in the peritoneun as well.

IOV, OTRER TXPERIKENTS ALIH ASEESTOS MINERALS

4 tmber of additi{ansl experimentz wers comucted o tiwow mors light ou

macific phaset of the zsbestosls problam,

35« Protactive Action of Alnmirmrs Comoounds.

intratracheal injecticn of & suspenwion of long~Iller ciTrrectilils to which
cnlleoidal alimimm igvracids had Doen added revesled that the addition of the
vhaminm compenmd 444 not prevent the tisscs irritation prodecsd by clrysollle.
I? anything, the acute {nflammmtcry resspenss Lo ihe injected fibrous minersl
wag accoaiesnted, Ong zooth after Wig lazt injectica of ‘hs drest suspeccion the
bronchiolitis was beccadng fitrome.

86, Formation of lzdestoxls Bodies,

The iron 4o the coeting of ihe asbestosls body spysivs %2 be darived [rox
btlocd or tiseus elsments anyd not, as h2s tosn suggested, Iro Lis wlheTel Cber,
Following rﬁc\:t.mm irdecticn af tﬁ ¥irds of chrpsotdls inte ths gredn of
gxinsa pigs ~ ooe Yiod comtadaing 2 per zenl ard the other 0.2 par cant Faxly-
the sabactosis bodies were emally numsrous ot both gitss of injection.



/
in attopt to produce &sdaRtosls bodies in :;;i:.e&‘/pi,g: by imlantation of
y; :

PIRS
o e

/ ~ .
three gilk bacs mortalaing £07rous chovsotils waz ynguccasalul. Coe bag plamted

————
subcutaneoualy in tha sbdominal wall disappesred; the othar twe bags, placed in
the peritonsal cavity, producec o little farsign oody reactiocu but pe asbestosis
bodies in a year,

Intratrachesl injecticn o guinas pigs of asbestosia bodies recavered fra=

g tissus falled to produce tha typical tissus reaction to anbestos
fi>ars. Tho injected material was chiainad by digesting with sodium tvpochlorite |
sclution lung tissus removed abt amutorsy frem an asbestos worker. The asbastosis
bodj.;scculdbcsnuint.bazumupi;a for et least a2 uxr after injection. _ |
Tuls experizert shews that the asbestosis boady bes & rather resistant coating
which e not destroyed by cxderate lypochiorite tresiment and mmy be maintained

in vivo (cr g yesr o¢r longes.

LT IZ.  THEZORY OF TRITANT ACTION OP ASBESTCS MINZRALS
~

Two hypothesas heve been rropossd 0 explain the tisecma frTitaticn end reac-

ticn ceesed by aaberion fibors: the chemical amdi the sechamical, In the chemizal
et —

theory, =hich iz based upon exparierve with guarts, it is ssmwed that ths so-

hegics mingrals dissolvs in tha body flwids ard than {0 this procese thair basas

are lsached gxxy to loxve silics {n 2 form camable of frtdiating tissues. Accore-

e

ing to this hyrothaais, :shestosis woald be marely an {cdSrect 3lllcosia. Oevearal
facts malm the rhemlen) thecry mbanehlss (1) {mtratrachesl injectiom of bru-

cite fibers, *uich had 2 silice cortenit of only 0.9C par csnt, clussd & Yypdcal
e e,

fibresis like that yrocuced Yy the arbestos Zinersls; (2) free—eilica perticler
incresase in potency as ths particle s{iss becosss leses, byt asbestos (ibers

shortear than about, 10 to 20 microme sre relatirely irnnocnousi {3) elneirmm
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* hyiroxcde revtralizes the irvitating cffect of quarss bul nol of asbestcs;

141 serpemting has tho sanz chemiczl fompasition es long~{iber chryseotils dut

il doen unt produce the szme d ol tircusz reactica; (7 thare is 2 wlde ranps
. Lhe chiomucal compooiticn of the miserals mhich Jdo caute asdtestosis (see

Tsblie 2hi). In view of this ovidence Lt seems more likaly that asbestosis is
4
caussd b7 en unusual mechanical irritaticon from long ssbestas {lbers. FrehaSly

this irritation is related to the paculiar !.ilu.::mrd siructure of lne fiver and (.44

L4
-

the arssciated {lexibility, which are poesess 9d by ro othar foreign boedy, Fer

axanole, iz ution of chuyxotile {ibers changed their structure and made thes

inert whila the same {ioers, befors being haat.ed,' would produce (itrosis {sea

Table 13). Further support for the theory of rachanical irritstion is that

asbastosis ocowrs in an organ of high zsoility - Lhe Limg - and that 2 Mtrous
eaction can be produlsd by iatection of aabestos fibars into the peritonsun,

There thare is also 2 dezres of oobility, but not in' other extramuloonars orgars.

LOCVITI. SIS LICATICNS

The experioental igveatization with zsdestos whipercls was concestad izarily
with the effect of the duat o5 normwl tissue WUt som atlenticn wes ziven to

other thagez, such &8 sascentibllity to {afection ara ccowrrenco of maligaancy.

£9. Infection,

The only experirent in wnich the 2({cct of inhalad asncstos dust o a fal-
mopary infectisn was studied wes tne [irst inhalaticn experimont, carviec on with
“King's floats” dust, It is, perhipe, unfortunats that infection stwlise were

not made in the other izhalaliom experimenis alsc.



90. Susesrtivility to Tubarculous infeciian. The demelupmani of i tuder-

Zulzds process initisted at
the vegimniny ef expeeura 5 asbszlios dusi, arda &lyw ol an infection superizposed
upen an estebiished asbaatolis, rmas dexeribed 1u,Scczic:..L 1 end 20 of thia ro-
port. It will La notad that asbestos, rhen clas«iited eccording to tue offect
of a dust oa tuborcwlouns infection, ™uld SYe rlaced bslow™ a0 active Zuext lilm
quarts but abov: inert custs, Juch a5 caleite und srpsut. In andzals {nfected
with atteruated tubercls bacilll, quartz vill cause <he infectioce p.ocess W
progresz until Lhe anizal cdles of luberculoaiz. Ianert duzts will have no effect
on tha infectloa and the lssions will wsually neal and the digease dissppear.
Achostos dust i3 in 4 difflerent catagory., When tho {ibrous dust was being in-
beled during tiuad evolution cf the infection, ihere was 3 spreading of ths tuber-
culous prucszs {or 3 tins vt wswally ‘..‘x: stimulug for comtinued siifcration of
the tubercls bacilli was nst sustained, the progros3icn was arrested and tsaling
followmad, In gainss plzs infected wilh attamusted tibsrcls basdilli follcwizg the
complstica cd.‘ rearly three ysars of aocpocors (o asbestor dusi, progresaive diseaza
did nut develop. l'n;.; oriy oodification o2 the infecticn wax cze of localizatioen,
a few bacilll baing retained in the L£ibrous terminal dreachicles and for=ing
tubarcles there in sdditicn tc the uwrual focl beneath the pleura. Such tubercles
healed S0 & few Xmths and thare was nothing Lo suggest azy {aflusnce cn the

coursa of the diseavs,

91, Snscevtibility to Nom-Tuborculous Irnfection. Thsrs Way no pointed ex-

perieant conceraing the
effect. of irkaled asbestos dust on non~tuberculous infaction. Interowrrent pnou-
ronia among anisils expoded to asbestos dugt wes rather comym, the frequency in

guirwe pigs exposed in tha four inhalation experiments renging from 15 to 3§ per



avidanse 1 g70cl8 the Tos3iSilitr of an affect of astesmos

v
v

-

cent, Thiy incideats’.
cust on nonetubarculeous irlz7tien., lizverihelnss, zince such erideics are nat
uncarmon {n {ahalaticn ext2erimewns wish otiher dusts and cven Lin the coleny of

mormal cpisals, 4t {2 fell it e luhalation of ackbestos dust dees nct exers a

signiffeant eclect »o nhe suscentidiliiy o noa=tuberculions Tulimmnare infestion,

3

. Heopizem.
W0 gpecillc xxperiment Tos comducted to delormics wnathar ths inhalation of

asbestos fuvors Ghe Cevelotment of neoplastic diseass bul civitain obeasvutions on
this subject rera Tecordal in the citline of Lthe nroposed zanv=raph on asbestosis
subcitiad by tho late Dr. l.. U, Gaodnor $n February 15L3. In i\ bs called atlen-
tion '@ the high incliszace 2L lung caucer mmong mica imnaiing 1o z-fibar asbestas.
In his experimectal notas. hovavres, he rai‘ennd @ these le=ionn s adapczas,

Thare iz an iwporviant distinstion hateeeen adenas and CE::ICCI' thicn shouwld b2
nada cloer. & cancar (s » tusor, or neorlisn, capable of local inigion and do-
struction of ticsue, thizh eon distrivute cells thraugh the lympohotizs o bliesd
gtream to profuce isalsced foai, from =hdch now tusors ceveles. Thit Shoncmonok
ol disgerdinathicn is kzowmn &8s satagtasis and ooy tumor which eztwlvite fb ie 3
zalisnant growth, of which cancer 13 omd lype. An atenoTe, o ths o.3er hand, is
a so-callod benigm or noa-rwlimt tiower (ncoplass) which mey.or =7 not te
carabls ¢f local Lmvasico tut which deas net metastarizs.

In ordar tc slarilr <hs e=zct malures of these lasicns the pathilogical mater~
121 i3 beisz cerefully exwmired. Since 4t 45 folt Jeziruble to hae. Lhse tenellt
of Dector Tormald's judgmamt, a reriew of tha data ca this sibjac’ 13 beirg post-

poned until aftar hic retrT froz Daope. Rether than dolay the eol':-e report,

further ¢isenssion »ill La reservod for a supolemant to o iazued 1ot v,
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Telng L0 the vasu mmewmt of does lralaniey’ 1o 2 L0 reenuim L oseeTs megl

craTendent, fo 3tatae Lie oanclusionz decived ooz favr Imvastization asni. rhoen

neess3ey, Jollew €26’y ¢ra with A brisf rajuxt of Lhs evidence.
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Vardots formy of oshestos Zilevs poocuce & SoriTricenisize tdie
lirgs o4 Ul wa pigr, vatls, cats &g rattits ol et of mise znd
GoOLSe
th inhalaticer end injection emecizents provide cople ~unrert

for this <onclusion. fiyures € zrd € shuw tha resctlon

ta 9 difllerent kincs of nsbes’.ou ninevel.
Tre rode of acblon Sppears o Lo muvdpmrrly sachandcsl tadiies thaa
chertcal in nature.

e evideice is civen in scetion LUTNIT. Fegures ), I, 3, L oand

=t
T illustrste tha fmportant roints. The [ilbrous fi)azanucd
- sveture of fabestos azvaares o -~ler &g casendial part iz the

Arritabing action, siver the soil Iiherc 2 jlise ™ol cdu net
arocuce {{brogie (cee Wi-wre ).
Slort cabastos [ibers deo rot produse fitrosis,
wae conclation L5 pllad in the vients mentiined in pesa-
ceph B 0oory. Cxperirests <ilat {irther agnort thiz finding
are roper in Tadlar 00 ard LT,
Typdeel Zitrozis can be produced o in atasstheric cusponsion of
ecvesios dust contalning only o extrenely mall prorertien of leng
fibars.
in the inaulation experizent viAth 100 par cend Sall-oilled

asbestos lust 3 typical, thouch delsyed, filrosis ms

e
o §



]

M - Rt Ve T s - - . . - -
sttained cqee TR~ L)l Lltvew ooz b oar T orem capn 0
) - o Lie . - 6 ct s e - Yol - -
the Luzantores sl oroct e 0 L SanTer g B8
- A - - - e o ‘- . ‘o Poi L eme a et N -
Jwerans, I LS SNTTRL L Lo Las LD, T Lo T uhe ke

roc et Loechien argariTool TROh LAne GihoetIg aneld cen-
Ladndesr ne dons Divess Jaflod Lo prodies: Jitnroess.
{veu Tand: 71,.
inualasion ol esh2utas Adwlt anraventls does ot dlSar simificantls
coryz of ermeovimenial tuberculoatc in Tuinea wigs.
This connluzicn is Llemtative sico the eridancs o which it

isn beged doas nnt conform with cur ususl experi~nca. 2olvwe

nee “n lrble § will 3how that whes infection wao cndzmeifcere
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sanzn viih gubsegueat healins; =hen infeciicn was

2 et 3 aee T 1 .. . : s e ; - RS
nitlaied alter 25 /G sornis of duov ennesure che asvrue ¢ e

tuberauloss Clazese wia nab apgracianly alverad. In enatresh, it
hza heen coserrid L oreriasabs whits mincd Zusis senvairsirc
qun.’z rav Liobaete s 4 alight presrascion oI tha Liiereu-
losin =hiew infaction and Zust ooposure are acineldint, g

affact i3 woro marked (Lnstoad of lags, Az with zsbestas) wmen

{nfecticn is indtiated ulter a prted of Cluct expziavre.

Tads conelwdim enncemnisy i sflcet el irhilag ssteztarn
dust on Ldertulosic genxas justinricd weesvse (0 Lhe wure SEte-
ti7e teszy, (Lafection indtiated aftor a rericd of dust erypesiren)
thare ™2 W enpretilile increasy in suscepdtiility Lo the
“Werculye: infectlon. livwezer, since e fimdings in the

aguesios cmudy do et conlora wilh previous expuriance, ard
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