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Asbestogin Lo & TURCRATT dlsesse caused by the inhalation of asbestos
dush. In animals il {« charscteritad by & peribronchiclar fhrosis which
saems tc be the result af mechanicil, rather than chemical, irritaticz of
tha tissus b7 asbestcs fiters, Only the long Citers produce & typical
reactiog; short {ibers are r~latively inart. The (llamantsacd structurs of the
{ibers iz an essential fretor ia the mechardsm of {sritation. 4 character—
istic tissus responss can bs produzed by r,cu«ilica:;ua ag wll 22 sfl{ceous
Llorous miserals. Inhtlaticn of asbsstos dust apparantls does not alter
signicantly the course of axperimental tuberculosis in guinca pigs. The
asbastosis body, whdch 23 a epecilic concoaitant of aabestosis and forms
2200 aflcr the entrance af the asbestos [idber into the lung, Lz bellaved o
prevent, furthar dszage o the tissus by the (iber sod thus to limt pro-
greasion of the resction whan exposure cesses. Aluxim= does mY exart a
wmotactive @on ageivet tha tissue irritation of asbastos fibers as 1t

does against that of quarts particles,



. iatreductien
asbestesis ic & Jorm of pnrewmvconicsic resulticg irsn vadenies inkala- ‘

tion of sabestos dust. Tha nams zebestos, literzll: "umburnanle.™ I3 aoz

that of & particuiar =ineral but {2 2 tarm appliad ta a maiber of different
nerszis wnore characueristic feature %3 1 struccure composed of lorg, par~

— e B
allol, flaxcitle [ibers. This zcructure is unique bazuauze the fibers are
ey

capable of rapeated longiludinal suhdiviszien %o unisy of zalecular priportices.
Iin length tile fibars Ty from & few mictons L6 sirx o nord Inchas. 3S:orm
varietiss sre stiffer than others bLit many are sufficilentls Dexiltle to e

yTan  Lmio yarn and woven on rodilied textile nackinar-,

?

3. Asbestos XNinasrals

The asbestos minersls are cilicetes ~f veriehle coonciition ané bLelorg to

the zerpentina and i armhitele groups.  Listsd kelne are tha Sore cormon
L g SN S N .

varigtie«.

arhibsie Trouy 'J',

- Arthortylliite (Yz, Fa; zildccte
Apxite (Y, Fo, 21} sildicate
Arphiboia {Ce, Vg, &3, &1, N&, K) silicete
Trexlite (Ca, ¥g) cilicate
Actinold {Ca, Mg, Fe) silicate
Crocidolits {Na, Fe) silicate ¢ Fe gilicale

S$arvertina Craup

Chryeotile ug silicatae (hydrous)



Ths bulk of ths arbestcs of cotmerca L2 chrrs:iile, 3 5C.28:07.2400,
whick is nined {n the Toatford meglon 28 the Trevuans ¢f Quemwe.  Crocida-
ilte and arorile are also tsed coremar-inliy but in wF sndler axounts.
Chesotile occuss &= velns in sarpentine. 2 minarai sizil-- ig chemicel cope
Foaiticn to cwr3otils tut which exists in gragivs Uerm and L= cads v oof
ricercacopic fbers withsat the paralicl oriemtelicn charac.emistic of chrvso-
tis. The mseivs biue Llack serpentine, which i3 mooth ard zoapy ¢o tha
touch, i3 traveraed L¥ veine of fihrous chrysotils ver7ing in widih from a
2arqiy parceptibls line to six or more inches., The {i{Sers r=n wcross ths veia
ard not lengthwiss with the forzmation. ‘

Attention is directed to tha minaral brucite, YWl.E30, which i3 often
focund in the same formations with gserpentins ami chrysotilas and may ba fibrecus
in strusture, It has no commee-clal vaiune al present leczusze 1ts fiders are not

cimily {lexdiple %o ba usad in textiles dut thay are <zpable of repeated

oufrl
lsagitedins] sbdivielion, Tnlika othar asbeabiforz cfoorals, bruciie i2 not a
silicate axd for this reeason it has taen 3 veluskble “cel L2 an sxpesisental

evaluation of the actlon of fitwous minerals upon Uog tissus,

IV, SIPURDENTAL ASBESTASIS
For cany ysars sitdlsan have Leen carvisd ap hy the Secanas laboriory in an
investigevion of the camas, maturs and devalomaant of asb23103i3. The rresent re-
part is devoted 40 Experisantal isbestosis. In it are deseribed the anlnel ex-
perinents with vxrious ®irdz of schestna duat, Jinother ropord, %3 bs prezard
£d {egiad later, will De conewmmind wilh human dsbestonia ad 7Ll cover the haaliy

apecta of morkmrs ¥ hewrs bean exnossd Lo sebestes dust in an industriad

rvirooment .



o mee v T rpecied of anixal cnarsctar-
{stic tiasus chanzee vhich = simlar to ths lesions of human asbestosla. Sin-e
the lifs—span of tha experiiant4l anizal 15 relatively snoart, {t i3 5ot poasible
to develop ths cnaractstistic lsgiovs in animslz under tha usual industria) ;:cn.
diticns. Consecuently. to cntsin 2 comnlsts evaluation of the tissuas rssponse
to irhaled particulats and filrous material, it is necessary to sccelerste the
reaction by employing nizher coocentrations of dust than would ordinarily be gpe
countarsd in industiry. Thlla corditions of axpomre are thus A fferent, the
inferzaticn yielded by sxperizents with animmls ig invaloedls in furmiahing a
betler wdearstasding of the raacticn sf tha human arganie= ¢ (nhaled asbestce

dust.

Se Ixperimental Methods

Yor investigatirg the biclogical. resstieon of the experimental arninal ‘o e
varicus asbertos =ioarala, t9o yper of tschniqus have Lean employed, nosly, the
iahglation m=ethoed and the injectien wathod., In S.nrulxti:m axperimats, roups
of aninsls - up to 100 or axre poinea [igr ad sooatinsgz emellar mzbers of
rabbits, cata, dogs, Swte or micR ~ are Rept for «dght hoors & day in & cubical
dust room, elight faet Lo dinenxion, in which & clond of esdbestos dust i3 maintainmed.
.Lt-izt—m'alt;:m:gtbou:psz‘.m%, s.fewr;‘.nlnmcac:-iﬁ.c«adatsd the tissue
exmined to detevming the nature aml artes of the dust reactisa. Somm enimals
e exposed o pmricds wp 0 thrwa vesrs. The injectlon sxperisemis, in which
the dust, either d7y ar rospends 15 Oudd, iz introduced infto the anixa) by the
intrevencus, i(nmtraipariteradl or Inlrstracheal procedure, e wied 0 detarwiog
vhather or pot a particular dust has o rotamtial cepacity W0 produes tissug

reaction,



Long~tarn inhelation experizents (agmish (nrfor=ition wwon whic srean rgli-
ancs {s placed whan estizating tha dsgree %2 3nfch a dust mght Be hazardous ta
irddastrizl sorksres. Thether c¢r nol atoospharic dust, area thaugh potentiaily
dargerous. can be {nhaled, pawe the naturil cofemse barrieres and reach the pul-
menAry tizsua in quentitics sufficient &2 cavwo dzr::ra can be detertdred only W
inhalatizn procedures. Infecticn axperinents arn igeful tevmuss in them centact
batwaen t' & dust particlas and tissues iz aasuawd and the potemtial ccpecity of
the gust to roduce reactica cun e estizatad sccuvrately. Fhes daaling with fi-
treuz minerals iike asbestoa, the intratrachoal nethed i3 vTealuabla sincas 4t p=r-

nits cosarving the effect of the Cibers on pulronsry tissus.

8. Species Susceptibilitv

Unlike [rane silica, e=beetos dosx oot axart Lta spocific sffact in all argucs
of all spaciss of aninal (Tanle 1). Injecticr of Iics quartr fato verious orgars
 of the guin=a pig, rabbit, rvad, cat; dog, chicken and even tadrels will woducs
filicotdic vodiles. Howerer, sixilar {injecticns of lozg or snert fiber asherics
hare resulted in & {ibrous resciiom iz ths lung uns, to 2 lesser axtent, in the

raritonew but not in cther organs.

T. Peculiar Characterisztics of isbartoa

Experisnce has dexmststted thet most of the pretliculals metler inhelec inie
the Lungs of =en end snfmel £z 10 micreus or lass in paximm diacstar. Llarger
particles apoaremtly are exclodad hy the probtectitse mechenima of tha upper raspir-
etory trast. In the cass o7 Zheone waterials, howaver, Vhis restriciion dosa ase
erly and bsry 100 and ven 200 mlerans in leaguh nars deen found (n the termase
8l alr spacss of homan Lmgs.e In mell laboratery ani=wls expoeed to asbestos
dust the caimim langih of fibar fonmd ‘o the lung rarely axcasds &8 alcrons.

Rot, every ¥ird of fibtous saterial ie inhaled with emual readinsaz; for example,



the synthetdc {‘bars of glacs ™ol apperently are ‘too inficxible t2 paaz easily
throurh the nose, sharymx, trachea ond arencii and seldom roach tha termtral
bronchioles and slveoll.

Inhaled particuleia matter comes t2 rest thro:ghout “he terminal aix SpECea
(alveclar duct, atriz, alveoll) in &11 parts of th;, lunce; inhaled asbastos fibsrss
are Zirst retained in tha respiratory broncnioles. Thasc very s«all tubes are
*.:uadut.cl}'_ distal Lo bronchioles lined oy ciliated epithaliva. Thelr own qasen-
tial Lmdng 12 & low cudoidal (7pe of epithalium bui, as their name ‘rplies, they
ectually function in respiration through latersl alrecli given off as pouches
along their walls. Either these pouches, cr ths abrupt change in the character
cf tha liaing epitheliim, ar the dacrease in diamster nf the tude, or perhaps the
cohiingtion cf all three facters {s responsitles for locil retention of the irhaled
fivar, Only aftsr ssbestosis L3 woll estadblished are zynceciadle nimbers o2 2~

bers cacrisd into the ooTe peripheral air spaces.

8., Ratas of Tissus Reaction to Asbestos Fibers

The rate of tisgsue reacticon to asbestos L& rmuch zore rapdd than to an active
dust like qu.n.rtx. Evidesaces of ti::s.:c responss srpear T zoon aa filers nave
localised in sufficiaat concentraticn in specific aress. In rita receiving asbes-
tom fidere bty intratrachmal injscticn this eridence is 7irihle 10 early is two
weeica After injections for guarts dust the lstent pariod adght ba two momiiu or
noTe, |

Tha belavior of ths tisrue resction to inhaled dust After ths termination of
axcogsure Lx not tha sane {n sili{coeis as in asbestosis. 1n 2illicosis, the young
mdrles bactas larger; LN seDestosis, young 8car tlasua,that cay bave foiwmed,coo-
tracts and becomes more dense bul %o ares of iovolvemint decrsases in sizc. L2

exposure to dabestos dust {s tercinsted after a btrisf pariod, the recently-inhaled



fihere {n the lung =z causs tha fiGrous tlssue resgonxe Lo contliue {or &
short time, wntll the ({bere lave teen cocated. ™ils progressicn iz of caly a

slight degroe and of little significancs.

9. A4sbostosis Bodies

The peoulir strusturs known a9 the cudestosis body or curicus dbady (e a
specific concomitant of ssbestosis. The typical bocdr is a goldan—yellow, beaded
or hiustretad rod vhich zxy b e{ther straight o Swved. Oftes ons o i':nth eis
ere tulbous jixa 3 durh-bell. The bodies vary coosiderably in langth, znd dd-
mansisns up to 250 sicrons have been recorded.

It 43 delleved thet zsbestosis hoedias are Guos Lo & deposit of protein and
iren pigment upon the surfice of Inhaled fibers. In guinss 7igs thay Zorm after
sbout &0 deyw of zontach with the tissos. They aro sburdant in san aud the guines
pig (see Tabis 1) Dot zre xmen largar Sn ihe forzer, nrotably Letsuae i lerger-
wised air tubes sixit (ters ol grwater dlzsogion. In cats, radbita and mice trare
‘o an 247pilcel soabtirg of a few of tha {itsre after much longer :-saidmce. in the
longs. In rata and doge no bodise conld be dincoversd. Althouch ths svidace (s
{ncoerlets, {a appeery that ths famation of the esoveaicsis btody Trevents dewnga

te the tisguz by the {ibaT.

1. CJHALLTICH EPIRINENTS

Four comprshengivTs {nhalation scparimsrta have ceen conducted at ths Saransc
labarstery 7ith verions form= of ubestns dust. In ocach of thase izvm:igeéions
more then 1O anizals ware toed atd bha operizantz wece cartisd ou [ pariods
ranging frem 2 to =g than 5 rvars. The fone Virdds of ssbeatog durdt eaplor=
&re ldeatified a9 Ting'c [lcats, chort fiber, 100 vor cmt ballaxillse, azd

lorg={iber ssbestas dust.



il. Inhalation Exvperisent m:h "{lnc’s Tlouts'’ /sbectos Dust

The first irhalation «perizent cenducted st the Carurac labaratory with
asbestos dust wis begun iz 1735, Aninals inhaled tha dust for periods up to
nearly three joars and scme :;z...nu pigs lived for about four years altlsr their
first eaxposurs o dust. i preliminay report giri‘ng obaervations after 29
months of expesurs appeared in She Tebruwry, 1931 Lssue of THE JOWRRAL OF DTT~
STRIAL KIGIZNE.» 4t tlut tine obaervations covered & period of only 2-1/k yu.rc
and the conclusions as ts the ultinxte effects of inhaled asbestos dust were
frovisionsl. FPesults of ithe completed atudy shaw that most of the cozclusions
¢rown {a the prelicinary report wars substastiated. & complete review of this
experiment [ellows,

12. The dusting zatarisl vas 4 commercial variety of esbestos dust krowm

aa !L'mg"s [loats ans was coxposed ol ghort [ibors and particlas of
variablae size. It was cotaioed froe the Thetlford, Quebec plamt of ths Asbestos

Carporatica of imarics,

1}. The cust coé.:acsi;‘..‘m iZable 2; revezls that Lhs amount of Lurous dorse-

tile was ocnly li per camt, & rithar low vxlue. dowsver, thers waa suf-

Lclent fidrous material e 7—oduce a charscteristic fitrosis,

k. The dust coocemtration il firse wis quite lovw and for ‘=pinger easplas

taloen goon Afler the exparitent wam atarted, (T average Light fisld
count: by whe standerd techmigua wis only 5.0 mdilion pariiclss per cubic foot of

Ur. A3 apprecisblas nuaber of largy particles (or [ibers) elso wers present, oz

$STUDIES ON EXPTADNGENTLL ENEDMOCCRIOSIS. 7I. Inhalation of Asbestoe Dust., Gardner,
L.0., &d Cuxmings, D.E. J. Ind, Hyg., 13: 6591, 97-1lk, 197L.



shoen by & averzge count of 0.8 million far particles yreater thar 10 microns.
Aftar the iohalation axpsrizent bsd bsen under Wgy [or efout two ywars, the epsad
of the rotating paddle in the dusting machina s iscressed and for the remain-
g 2 ar 10 sonths of the experitast considerably oore dust was dicpersed into
the atxogphars. Averags dust counts for Lmpirnger ;amphx eollected after this
changs were 53.7 millicn for ths aeual light—{ield method, and 1.6 =illion for

partizles larger than 10 micrcas.

15. Reaction in Ani=mzls to Innaled “Finc's Tloats® Asbestos Dust. BResnlta

of the investigation, briaflly sTrerised {n Tabls 3, show that irhala~
tiou of King'er floals asbestas cust produced a typizail paribromchislar fibroesis

in gutnes pigs b not i3 rabbiis or rata,

15. Quirea Piss. Ceven Towps of guinea pigs were nssd. In thrse groups

ths elfect of 3 contimcus and of an intermipted dust
axposurs s studied: in two other gronps tha ralatiscenis between infection and

dust exposurs wes investigsted. The ramaining Ywo groups wers infection comtrols.

i7. FRats and Type of Boaction, Utvinsa pigz innhaling this dust for pericds

Tp t¢ 3} months developsd & characteristiz
fibroxis 2ccoring Ao cordesl patsisa 2oaub tne respimtc‘w brenchiolas. Curing
this expoeare the psripheral giveoll were not imvolved. The particulate elecants
in the dust '-n'l wransparied Ly the Lyurhatlc systen whare they caused no signi-~
{icant reaction; the filcons slemanta rvemined flxed &% Lhe sile of original
localization and warw seldow datacted ia the lyophoid tissus. Fleurisy and {1~
brosis 1o the sept2 werw cossrred only whan infection coopllcated ths procesa.

ifter axvosure of appradimetely z ;jear, 8 smmell amowwnv of cellnlar rsaction
had been produced sbout mry respiratery troncticlea. Az mors dust wes inhsied,

it comtinued to sccummilats {n the s location ard later stiages cf the diseass



consisted of axtansions of tha original lesions. New arsas were not involved.
Appareatly, the inhalsd {ibers rere caught in the pockst-liks alvecli that
ara given off lrom the latersl wmlls of ths respirztary sronchioles. Thare thsy
ware phagocytized and cany of them wers carried into the wull by migratary cells.
vovormcloar leucocytes attracted to the area caused an appreciable thickening of
the bronchial »xll. After 15 months a dslicats fibrosis aada its sppearancs.
The process evolved 2o gradualliy that =itotic divisisn of {ibroblasts could
rarely be discovered; neverthaless, the mumber of fine intarcellzlar collagenowz
fibers (fitrosis) steadily increased. 4s thia fibroals contracted, it partially
closed the alvecli, and with this stelsctasis the lining epitheliun assuned 1i3
exbryonic cuboidal form. The result waz the sdenomi-liks appearances that Tillis
deascribed in guinsa pigs inhaling .:il.ican. carbide. The longer exposures resulted
only in mors thickening of the wells of the air spaces, largely dus to an in-
" crsese in ths anomt of fibrosis. The fibrous tissua alwayy remained cellular

ard never showed *ts hyulinizgtion charecteristic cf silicosia,

18. Progression. The reaction produced in exposad guines pigs ¢id aot rre-
gress fguficently doring s atchaequent period of 27
ouths whon the anizels lived {n a oormel AtSoepners. Zetween § aid 1l comths
ifter axpoesure ceased, he cellulsr reaction had been mecpletely ropliced Sy
thin gtrands of fitwroza tissue, Cbserved still lorger, ths scar tissus decrezsed
in eoount tat o the last snimxl sacrificed, 17 months aftar dlacontim=ing dust

axrosure, some fihrouis was still risivlae,

15. Infection goincident with pdst- Izhalatiom. Qf the group of LO guinex

rige infected with attan—-
uated tubercls bacilli (Ry streis) 31 dled or werd sacrificed befors two years
of dust exposurs and ware reported in ths paper by Cardner and Cumings mentioned



Pighn

above. Seventesn cf these died Trom intercarrent mmaumonia. Briefly, the re-
sults were 22 followss 10 reovealed sozs evidence ¢f rpyread of the tubereulovs
Frocess; 1o € of thase 1t was confinad to the Lungs and in the other 4 Lhg
wbdoztinal viscers alsgc were iovolved. Usually a 2l{zhi iscal .axtmsion of Lhe
tubsrzuwlous infection had cectrred out subsaqaant nhealing had resulted in £~
brosis of both tha pulzonary lesions and the secondary lesions in other srgans.
The healsd pulmonary lesions showed core [iYrosis than i3 characteristic of
elther 4ubersulosis or asbestosis &lona.

The 9 anizals which were still alive aftar tmo Fears of dust exposure vers
sacrificed at intervals during the following year. In b of thex tha rri=xry foci
of infecticn had healed with fibresis and evan caledfication and thers was no
evidencs cf progressicn. In tha other 5 the tuberculous focd showed eridancs of
navine ceeriously strsad locally: (o kL o€ them 4t had heaied, Ly tns time of
autopsy, with excasalre (ibrosis;y in the other animal there ¥n3 2 genaralizod
chrenic tuberculous pnswsomis (n one iote and isolated primary tubarclses, =ilcx
ware gtill active but had not spread in the ather loves.

Evidence of extensicn cf the infection was first sasn aller 7 months cf dust
tnhalationy during the naxt 0 months oore thsn halfl of the enirels zhowsd ad
sctively sprsating tubertuleeis amd in 3 of thex s@all crvitlies had develioped.
During the last § acaths 2o ud.u'l;s exhibited &y evidence of active inlaction
elthongh (o hall of ther the hetled {lhrour scars o [Teriovs extensicre wre oo~
vigre, Sixty per cemi of e glirar pige with opresdlng pmlaonasy iubsrculoris

srowed tuberculogis of the spleen and liver,

20. Infection Superimpossd Toom an 33tablished ispewicsis, Twmlve guinm

pigs, after in-
haling asbestas dust [or nearly 26 sonths, ¥ere Difected wilh tudercls bacilit and

thea rescoved ts normal air, The subplaural tubtercles in the dusted nizals werse



70 rors Mumercis than i non=tucted fnuRraly, BUL 3 considarebia rumbas nare
{eunrt {n the depths of the lung sbowt foed of asbestosis. The reaction te infec-
tlon showed only slight lecsl emtensicn abaut tha oigiya sites in She iunes

and tracheobronchial irtph rodes. Tha atvloatnal viscers ware involved in culy
oos animal. Ceseation wes fard in tuhercies 1-1/2 months old ot by 9-1/2

monthe It had completely dinarpeared, leaving only scar Liasus, The latter s2till

persisted {n ths last anrdmal, which wx killod 1L wwnthes atter {nfocticn,

as
Lo

. Asbestosis 3odies. darate mmbars of zabastesls todins occurved in

the lungs af the guinsa pigs, beceming zxs nuzwrous

and zore distinetly segmented in liater manths.

22. Eabbits. Rabbits exposed tn the ssbsatas dust far parisds up io 17
aontha develaped 3 ioi-g'rada Coreiyn~oody ty~e of cwustion but
o Obrogls. 4lthougzn Lheir. lungcs cuntalzed particulute aledeata of tha et
fibers wera not prezact,; inddesting thzt the apper reoniralory sscwaiass of the
\
rabbit is 2dequats to exelude fibreue foveign wadies, Tvwo Tahbila, alter inhali-g
dagt far & azd 18 moathz, livad La aormal zdr for wors than % ysars. AL 4ulopsr

peither animtl showed @y svidance ol szllglar reectlon ar filsoalz {n Lle werw

inal) Trenchicles rcop were thamy 43r ssbeatosrin todisd.

23. Pata. AL the whits rat2 had zequired aa infiction; resulilng in thi
formmticn of rulmapary whscessg, Lef{ore they c2my to 3u%0DSY.

Apperently, =2 =uoh ety Gicns anatructsd Lhedr torarchl What vary (or {(vers
could hawa antered Lhaly limgs., In o faw of 13w 7abls; an olzaziondd asdzatosin

body wes diascorernd but Lherm ves no [lorosis.



2t

2L, Sumary snd Interpretation of Inhalatisn Experizent with Kiogis Flozts Duse.

The findings in the exrerimint +ith XAng's “loals dus® can ha surmpe-
ized under three hesdings.

A, Effect of the {inhaled dust on normal cni=als. Tha firng's Mcate

dust caused s chores-
terigtic peribronchiclar fibrosis in guines piga Yut not in rabbits or rets, Tas
fibrosis did -t progress aftar the dost aoposure was discontinusd and the fuinsa

pigs transferred to noraal air.

B. Effect of the inhaled dust on tuberculoais in cuinea wics. In gidiraa
. pigs in-
fectad with attamuatad tiberelo Cecilld s=d then placed &z ths dost rom, the
results ware zorn variable than in usual in en erperimamt of this typs. A few
imly ahowed o sign of progression; in most of them thers was ovidznes of toze
porry [Togreasion wiih subsemiant hesling; in one anirai there was comt irmous
mrogrossion to death. In comrast. whan guires ovige, after baing icfsciad, ;u-e
oxposed %o quart: instead of assbestas dust, the infactious procass comtinues W
progress and srantually ~anses the death of the animzla, Co ths otlmr nast, -
posurs of infeetad animels tn a harnmless dust 1ika c3lcite or ggpoum doss not
lead % wry progressian of Yog {nfestion. Dulnss plge infecled with attemuated
tuberels bacilll following the temminatinn of about two rears' aposwe to asdbasics
dust did not develop procressive disesss. The cnly mediflcation of ‘he infection
was in itz localisation; & few hacilii taine retain~d in the fibrouws tarmine’
bronchinles and forning tubercles thera in addition ty the usval foci Senszth tha
pleurs.
In view of thia varisbilily, the wwusual maturs of the response and the hign
propertion of deaths fronm intercrrrent paermomis 1t iz fell that definits conclu-
rione a2 t5 the inflnenne of thiz dust ox the covreme of tubderculows infection are

not justiflied,



C. ZEZffact of tubercilouy infection on tiie reection 20 ia83led dust.

Icfection compilcating asbeetosis sccantuatsd the tandancy of the
dust to producs fihtrous tidssua. This chonga ocowrsd vhelhat @ ot ths bacterisl

lesicn vzs in comtact with ths zrea of dust reactioa.

25. [Inhalaticn Exrvar<{ment with Short-fiber Lsbestcs Dust.

Since haszar dous dusts like quarts are moot affective in producing fibrosis
when the particlas are ] microns and less Lo size, an ivhalation eaxperizent was
carried on to deteraing @h@ this condition s txrve siso for asbestos dust, -
was thought that oy using A short-{iter ixbastos dust csusisting alnost entirely
af [ibers and particles smaller then ] wicront an sccslorated tiseue respomse mismt
be initizted and an advanced resction obtainesd in s short %inos. The previous
inhalation mrperizemt with Xingic floats asbestos, which omiximed f1ters fre |
m. t9 1 zdoron or lese iz longih &y woll 2= & grext deal af particulste =zatler
#ad which procuced a typical perilwonchiolar (fbreals i3 eyposed guirss pigs,
served &S a'baais of comparison.

26. The dustisz:s zaterial for this expaoriment ™ms (ormardsd {rom ihs Hanvilie

plant of the Jotna-Manville Larporeticn. It wer the remaiig of [ivers
collectad {n dust bina efter & carding operailim end sCresnsd 1o pese 250 esa.
Since the material as recuivad condtainsd vany loog fitars, it was growsd lu e
steel Dell mill t2 reduoce practicailr 211 tae partdcices W J cTons o less Lo
size. Yha osed slome in & rtandard duzting machics, hils {lnely—growd asbestos
teeded to peck in tBe haoppez and {1 vaesme necmssiry to sz ome volmms of the un-
rowrd materisl wi%h tISes wlirmes ef Lhe ground 0 ootwerstg e satisfectory dust
clowd. The addition of the small quantilty of unground azbertod van mlortiusdie
tecanes 4t wnfsed the irtarpeisticn of resuliz. Frobably the sincr memnt of

reaction thst devaloped - "t the Luag ({bers in the edxture slthough tre



Vb
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date of t¥ag crpari.mt'da ot provs the point.

&7. The commoeition of the shart-(iber asbestecs as recesved i diz:lcsed by
Qe chemical 4nd petrographic analyses given in Taklo L. Suwples taksn
before md @fter grimfing 7ielded 3bout the =ame values on analysis, indicating

that thermwas nc comtaminaticn {roa tha mill cr losa ol water content.

8. The dnst compemtration variod semewhat during.the cxperimant ard Yight

-

Bald comnta Tor atmospheric cazples collscted inside the ant=al cages
vith the lsmpinger s.p;ni'itus ranged {ron 63 lilon to 182 nillion. The averags of
comts was 30 =1liom t:or ths first year of the axperimant, 13U aillion for the
sacond yexr gud U0 million for the third year.

2%, Sime-(recuency; sexsurenents of air-(loated dust from inside the cagss
6% A cagnificspicn of 100X revesled a great wwaponderancs of Zins par-
ticlas (Tablg 5). Reariv 90 per cent of thy marticls seen wers smaller than 3

zicrons.

. F.E:ction in Aminals %0 Innaied Swort-Piber Aaiseatos Tust. four epscizs
of .amirals - a.:.ma pigs, =hite rats, cats and rabbits - were used in
this experizent. Tre reéulte af the cust exposure, which are smumarized i
Table 6, w1l be cousidered wors in dotail below.

Ji. Quinea Pigs, Blghty gones pigs werw originally placed in the duwst roem
but 21 af thex werw later elirminated from the exparizment

and dllad becxune of eclarged lyzTh modes, Of the othar 55 anirmls, LS remained
in ths dust rcom until Lhay were sacrifined nr died froo natural cables axdt 13,

aftar being exposst to dust for 20 somths, wers lransfearred to a narmal atsorphsre.

32. Rate and Type of Reaction. The type of tissus resction to the inkaled




shoert~{iber isvestos wes assznticlly the sama as that alresdy chserved in the
axpexrinest wWts ﬁ;_ﬁ;'c floats acbesios. The rats of reactfon alsc was soproxt-
aately the sgme tnt the cxtent of involvement Tith LLe shat-fibar dust was

very cuch iless ﬂ after 16 to 2k mopth:: of axpoaure cnly & very few amall fect
of reaztion, w’nidz gecerally required microscepic exmdnation for detaction, were
pmduced in the pxinea pigs.

Untl exponm=s hid coutinued {or xpptoxjmteh o yvear, there was littls
terdency o dustmcontalning phagnertes to collect intc clumpa. By 16 nonths
chagocytes had begen ¢ collect about tha walls of a few of the respiratory bron-
cidcles with & Littls rroliforation or 4infiltraticn of monomelear cells {n Lhass
xxlls. Thoere werv'alss some rultinuclsatsad cells but they ware always of tha
inert f{oraign-dody typs. AL 20 to 2L ronthe the celluiar clumps were somatiass
quite narked ard socetimes chzanges in the epiihddium resultod in the sdencesa-~lika
or TidencmxtoidY appoarance yrevicusly described (n 3action 17. In —ost of the
rubsequent Demberw ol the Jariss, ths reaction roceised celiniar in t}'ps.‘ In a
fs¥, howrver, Sibrons sle-rats domirated the pieture, In the latter case, the
callagen w&s jall in eolor ard tequouz mth no heavy mwollan hyailinizasion. As
ig the rans descrited Taloaw, ihe alvealar walls 3ight be cade wp of 4 béad of
collagen supperting a3 lsgwr of smdthslitor, hubt with m comtained capilizries., In
the trachecorooctisl lyxoh nodee the resction ¥us worez prorwounced in this oxperi-
rent Lhan in the previcas cma xith King'z flcets sabestos, juobably decanse =f
the traoaportation al an axcess of fine particlaa t2 the nedes in axirals {nhaldrg
Rhort-Lioar pabestae, The reasction waz essentially 2o increass in retdcum, rather
then & (itrcsie, ith pregervaticon of Uw origzinal oxlls Zetween tha thickened
reticular fJ . Plluts ctorende plsur ithout svidencs of palmenary tulecticn

t

ws present in g for - v,



Joe rr‘c&:;‘ésnm'. PR ‘.J—:/u:ﬂre;n?.ns folloming the cemsation of 20 pogths'
exposwrs (o dudt, ovrogressian of disesue was pot dafinissiy
demonstrated but neithar cculd it le sbsalutely digproved, s™ing to the varia-
Bilily of the response in difierant snims. At the end of the dust exposure of
0 months two pigs were rend os + and one 23 2+, ioong the 13 removed frem dust
the findings were variablet 1in 2 the roaction wrs 15 in L L1t was <; 4n 3 1 wqe
J*5 &8 3 it was Lej and in ons animal it was 5+, It i3 quite possibls that those
with the most marked changes had alraady developed more reaction then the rema‘n-
doar by the tioe apaosars ceasad. Since the moTs sovers rouacticns occurred gpora-
dically and bore ro raiationanip te the langth of tins citer cessstion of apoe-
sure the di.tfc:anees wery ettributed ¢5 variation in {ndividual susceptiddlity,
This visw recaived support frea the chenical anglywes (Table 7), which 2ften re-
voaled coparable snoumts of ash and 2ilica in lumgs with widely d'‘fermmt mowvgts
af tissue changs. ror mxauple, the asn =d milics vilues were quile similar for
three animals in dust 20 zonths md thoo in normel air 13-3/k moaths, yet the tis-

sue reaction for one amizal wag ey for encther, +; acd for the third, only &,

3, Asbestosis Baxdies, Ths forusiion of Asoestozia Scdies wae at first ex-

treesly limited. After S wonths' exposure caly a
very rars short bady could be fouxd, ustally inside of cells, Around tha finest
sntrecallular perticles thare wers yellow depoeite azving the same color ts the
asbantosis tﬁw. Zporore of one yeer hid parmitied wn accemilalion of merg longer
fibare about vhich the 2sbettoasis-body couting devolopad., Mozt ¢f thess wase
still short snomgh o be partially ar entirely within pnagocytisc cells. Dy tha
20th oonth and thareafllar, they were cocparatively owsross altbough s2dli rare
in ccuparison with the findirgs in the King's {loata experiment,

~lT=
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35. Fhite tha.. Sevemty-thres white fat:; Tare axposed to atzospharic snort-

fiber asbestlos dust for periods up to 32 conths., Sacri-
fleings dusd~= tho first 10 Donths wers =ade tioontily arnd for the rexaindar of
the experiren: abt less {requant irtervxls.,

Jo. Rate ard Tyma of Raastion. The dust cells umtil 8 oonths wers widaly

sexttered and axisted in focl anly aporsdi-
cally. HRsactiam was limited o occasional slight thickanings of the septa about
amll scoomlatdioas of dust cells, Ia & fow rats at 1C months, thare was a sug-
festion of esripy Zibrosis but tha change wes so alight that 4t would probably be
cverlooked without ths cloxp cf dust cells ¢to attract attantion to tre 2res.
Only 10 ani=ais wers axposed {row 12 to 32 montha. In eaczh of them thes lurgy
showsd mirmts petchss of well-def{ned fibrosis distributad 1iks *hat of ssbestoais
but without asbestosis bodies. Tae lasions, visitle only at & cagnification of
150 dianeters or more, consisted ol maiches eleng alveolar ducts in which the walls
of ths adir .n;t.::on wars very tidck, dus to swollon collagen framework., Cotxactiive
£issua and Fwi—&iebchbﬂki siiver reperations reveaelod coxplete loss of capil-
Lary bed locally. Outaida the oollagen wis & thin layer of epithelisl cells.
This did ot magembls the fedencsmtcoid” charga characteristic aof guloas [ as-
bastosis, !0 pleurisy wia reseat. Yoer the lasions the «ir spaces wers {illsd
with phagocytee coutaialng oray to yllow particulats dust mdg rars long naked
asbestos fiber. Careful searc!: fallsd ta ruveal even 2 cuggastion of o asbesto-
sis body, The tracheobronchiel mxdss shicwed compact focal collacticas of mono=~
crtic cells at 12 months and, at <0 oonthe, soms diffuse thickeing of tns

reticulm, In x fow rite thers w8 dafinita fikrcsis slong the margloe of the

node ard exterding {nto the medisstinel areclar tiswus. Compared with ths responss
to active dusts 1liie quarts and chert the resction 3 shart~{iber asbestos wus
oegligibls. o - S



Resalls of chextical analyses made on ths white rats are gliven in Takle 3 and
the average valucs hava teen tabulated in Table 7 for coararisen with s{mlar
values for rata irhaling othar dusts. The cencenwration of atmspheric particlss
to which the znizals were axposed vas approximataly the sane for asbestas and
quarty; for the gyrrer—quartzs zixture, it was sbout twice as high and for chart
five timee as high., It will be noted that the percentiages {or asbestos are lowes
than those far quartz or chert but are similar %0 those for the gyTsun—quarts
mixture, in which atxospharic agglatination tanded to reduce the amount of dust
inhaled. I xight Se inferred that the total.gquantity of asbestos dust inhaled
was low or that it had been eliningted {rom or dissolved within the lungs. In

ths present stats of our knowledgs evalustion of these hypctheses 15 not possidle.

J1. Cats. Twenty cats wers wsed in this inhalation experiment with tha
short—{i%er asbestsa., Eightean were kzpt in tha dust o=z w:mwil
doath, tha exposurs period ranging freo ons month to nearly Lel/2 years, and two,
after a dust exposure af 31-1/2 ronths, were rewovsd %o nor=al air. .C‘ne of thesas

w5 sacrificed § conthy, aod the other 2 menths, later.

28, ste ad Type o7 Reaction. The reaction ¥as essentlally thtat to 2z trart

dust, even sftar =ort than L years of expo-
sure. The tissus rwaponts in this species wxg conflned W mdcroscopic foci of
fibrasis in the wulls of goups of subplevral alveold, rather than i the paci-
broncniolar areas, In one amimal the cnanpe was extensive encugh o Ge visuaiired

on gese inepection of the section.

X. I-fay Chunges. Culy in the snizal with the lorgeat exposurs did the

L-ray revesl definitely abnormal shadows. Aftsr 29-3/4
cootha the picture was regative] alter LS conths & faint mottling could te detected

throughout heth lungs. At autopsy, § months leter, there was only cmicroscopic



fitraosis in the subpleural zens pius hezvy lymphecitic infiltration about szall

tromchicl=s.

- -

0, Asbestosis Eediss,. On prolonged search a few yellow alypical ast: - os-s
bodise, emooth and without “zustratiovrs, were [ours

in two anisais expesed for mare then a year.

1. Rabbits. Bight rabbitz wers expoeed to dust fcr pariods axtesding frox
ons to mara than five ysars., The last aniwal was renovsd

frae tha dust roow and laft iz norrmal 2ir § mounths before daing sacrificed,

L2. Rata end Type of Raaction. Thera was never emough fihrosia ts be de-

tectod grcasly and thare wna no chromic
sdhseive plaurisy, YicToscopln avidenes of alveclar wall thickening wes firse
daticted after almut 3} rears of erposmire and was seen in all five ani=als exaxmines
therszlftar, In ans animal that d.‘..w.l. of prralysis aller nea.er four ymu-s, of &g~
poTe ths r_ec.ction =as extansive enncugh to bs viziblo on gross inspection =of
tissus sections. Tha possidbility of pulsonary infection wn tnis ani=al could not
ba mxclnded., Fowsver, (o osmother aninme) dying tv™ jears later tas fecal [ibrosis
wAs 0ot nserly as abricus or a& advenced. sresas of [orolvenent, which wurs
largely visualised hemmse 22 stugneytic rewstdon within the alr spaces, texdad
mierescopicklly to bwor mora .‘Ii.brm'\s ¥1.th the pessege of time but there wasx

never zuch sncroachmmt upen the lumen of olr zpacer and the arcnitecturs of ths

ling was presecved.

i, Asbestoslis Sodiss. ubmm;z hodiee wxre nat datected {a rabhita thst

ddod esrly in ths sexparinant Lut sere seem in all

animals that had been «posed to the duat for more than Lhroe years,



Li. Sucoary and Intertretation,

The original purpose of the experinent was to avaluate the chemies}
theory of the pathogenesis of asbestosis. It -mas felt that if tha tissue resce
_ ticc to asbistos were cheaical in orinin an ¢ * lersted cr accentusated responae
would result {rca exposurs to [inely-divided 3sbeatos, es 15 the case with quartz.
This experiment, in waich the reaztion was slower and less extonsivs than with
Xing's floate, indicatea that the reactisn trobably is not primarily chemicsl {n
naturs,

Of ths four spscies exposad in this exporizent only the guinsa pig ansd
rat rescled with characteristic peribronchiolar fibrosia. The cat reacted witn
stypical sub—plewral {ilrosis and in ihe robbit the fitrasis which occurred could

not be positively atiributed to the dust beczuse of & stroag possibility

of pelmenary Lnfection.

u45. Inhalstion Pxperinart with 100 Per Cect Ball-Uilloed isbestos Dus:.

In the inhalaticn sxperiment with short-{itar asbezice dust 3 small quantisly
=l unground 3goestos was mired wiih ground czterial in order to produce a suitable
duxt cloud. Shen evidence of & dust resction sppeared in the puinea jd3s durirg
the expericent, it was not clear whather thisz wis a tissue response Lo ths amall
nmoer of loog fibers in the unground asbestos or wie & delayed affect of the rmars
audant fine dust, Comssmently, snother intalation exporiomnt ws started in
vhich no oground matarisl wus usod,

L6. The dusting material wvas the pround short-{iber xo0estas used in the

previous inhaletion expariment but no unground materisl was mixud with
it. To obtaln & sufficient smount of atmospharic dust, the design of the dusting

€pperstuz sas changed to an open type af hopper and fresh dust w=s added daily.



Cring o the terdency of the =ste~al to form =21l spharules Which rrevented
Tuch of the {ibrzue portion Oyco [loating out of tha horper, Lhe diazersal of
the dust =2 ot antirely satisfactory and after 7 months of operation, the cusi-
ingy recehilna was L ucenvorted Lo its criginal desigm. To prevent "pillirc” or tha
[erwrarion ol slhienGos of asbestos, steel wire brushes wers attached to Lhe in-
sice eurface ¢f th3 hopper and to the rotating paddle. This aTancomet gave

satizfcctory resu e and mag used for the rewaining 1 wonths of the exTeriment.

L7. The comwosition of the raw ratorial (short-fiber zsbestcs) and of ztoos—
pharic dust liberatad frog thes ball-edlled product in the dusting ma-

chine i3 7iven in Table 10. These values are based upon petrographic study and
Lray Al7racticn anelyais. The atzcspharic sampls was cellacted vith as elec-
trostatic rrecipitator after wirs brushes had been installsd in the dusting
meshlizz, Fraorists 80 this, ths chryvotile combent of the air-suspended materizl
w33 urdonbledly less thban the 15 per cent velus given ic Tabls 10. In az intar-
{3 revort, it ras riated that tha gir-bornae dust contained about S per cent of
chrrentile vefore {1 @ wirs brushes were used zod up to 8 per cont alterwasds, bt
these values were probably low. Cuantitative estizates ou ball-eillec asbestos
dust may be somewhst insccurste Daczuse it ia ¢Lfficult to deter=ire how much

of g cdust sanpis i¢ flmous chrysctils &d how much s noa—-{ibrous serpentine.

18, The drst conoentration for the first 7 momths of the axparirert was

about 1LQ =tllion particles per cubde foot of air. Aller the wre
trushes hiad Leen icstalled, ths dust cowtts were & 1iitls highar and tha overall
avarage for the flrst vear was 105 =illion. The sverage of counts for tha second

vear was 163 zillion and for the third year 1LS million.



LY. The rilze-Creqiency of the acoporarzis of atzospheric dust callectes

insids the nnizal coomy wiil W elaciroeiatic apparatus is reported
in Teblo Ll. Two paxtles wers tilian, one tefors the mire oruches wre {nstelled
anag ore aftar. L will bo noted thal cfter the wirs "ruches wers in uco 3
greatar proportisn of very ine rarticles and a.l:-o of locges flbers was ielerased

ints the air.

0. Resction iz énimsls to Inhzled 100 Pamr Cat Uall-Millad Asbeztos Duwt.

Guinsa pige, vals 2nd mics vere ugded {n the inhalation exverizent with
the 1CO per cont ball-milled asbs2tes dust., The reaults arg surzmrized in

Tabla 12.

1. Culped Figs. Tue experimiont vaz slarted with 100 guinea pizs. As the
uust aosure nrecesded, thare worzs 32 accidental ceathe,
3¢ of prewonia in an epideme. after 23 months of dusting the 16 suriTing

guisea o3 wece tranaferrrd to nortnl ads.

™

7ol labe and Typa of fwactica. For the firdi yome af cxpasura frectically

“ie only reaction (o the dust wos Lhe [Tee

sance ¢f scattered phagacvtas ard an cccasionsl mirmts asbescosis bedy., At 19
and 20 ooz ne gross recnonsge was 7iciblo on the tilssua section but —iercacopizail=
poribronchiolar foct of inflamwatery ~=lly could ha gecn. AL 2L months thers was
2%111 ro change J&Tge 2oough Lo b3 seen mith 2 hand lenz zllhowgh —lersscopic
axaminstion revealed nslluler zocumdlsotions abouy tarmical LYronchiolos and wany
nors asdDestoals bodiss, chiefly winhin calis,

Cherical apalyses of tha lunzs (Table 13) seresl that (n spits of the

limitad tissus redctinn canzidaratls dust had besn retzined in the lumg.



S3« Frosression. The lmgs of animals exposed for tha {ull qustins eried

(28 ronths) and taem lvine in nemmzl adr for 2 contae
revealed the chanzes doscrited arova and also vory alight pertbroncriolsr fibroe
ais. After f} conths in fsormal air tha finmdinvs were sirdizr but at )2 =omthe -

of & amimds stowed scasly-vicibls charscteristio peritwrvnchiolar fibeosis with

adaccmertsdid changzes.

Sh. Lymor Jode Involvessmt. Tne trechocbromcnial nodes were essentislly

nagative uotil axposvre bad bteen coniinued
for sove dhan 2 yewr a0d & hadf. inimsls macTificed at 11 moaths szd 15 months
revealed a2 {ew minute callections of phagocytos coniaining particles tat prze-
Weally mo fidsrs larze encugh %@ be rocogaized ce sﬁch. /Lter 20 months of
Xporare nany monocytes filled wita ynllo_f gramuiss zers yresent. At 2D montaa
there had tean 2 sLight increase &in reticalum bub ne Zitroeis. No Ioihar changes
occarTed in the rodes, -dsbextogis todies were not s4em in the nodes of argy ={

the guined vigs.

S5. Asbestosis Bodias. llimie ashestosis bodiss vore otsarvad a3 early aa

3 months after axpostre begzan, Hub theg 2id ast be
‘cam =marets 2gidil 15 ooutbs red elapsed, Tha bodies w=rs ohoot and practically
all were intrzcallular, alidough &t 20 sonthe sorme were long 2nough 42 groject
berond the call xxders.
IV ia izportact to cote that in the later modltiy of exgommre there vez £ Lis-
tinch ‘nerease ig the T=zher of long fiberz b to 70 ederors in langth) in the lings

anc that afler arposure csased charsczarizilo long sshbestosds toldies werw seem.

54, Thits Rats end Mce. In this axparimsnt LO rata wera exposed (or pariods

up tc 20 momths and 2l mice for paricdr up to 12



acnths. Haither species dorcloped c7en @ JugTosticn of asbeatosts and reaction
338 limited to vhagoertosis of irhalrd purticles oy wliely-scattered dust calls
vich renadnsd froe in air spaces or were Lransporicd Lo the tracheohroochial
Iymoh nodes. Mo 2sbeatosi Lodies wera found 4n - o rats but ia the mice therw
ware & very {ew small ~on-haustrated formm within phogocytes.

In 21 mousa lungs sactionsd thers ware 3 inatancas of pal-onsry sdenama (1LY,

57. Summry and Interp-station.

Tae tissue reactions observed in this erperiment ware mxuch less axtensiva
ard slower in develapzant than in the previcus investigation with ghort-Ciber
asbeatos, Since prescmably thers voro fersr fibers longer than 3 microuny in the
rmaterial used in this expariment, {he results temd %o ccafira the imterpretation

tads in Seetion Ll of tha shost-fiber crperizanmt that the rescticn probably is not

rimardly chemical in natuwre. '
The finding of long asbestosis Sodfes {n ardmls inhal{ng the bsll-zilled

catarizl is &n exaapls of the diliiculiy of coxpletoly eli=inating leng fibers frex
&an asbestaos mrepasration.

In regard to progressicn of reaction aftar rescval (roa cdust, which was ob~
served in this experinent it not in the othars, ths following Irtartretation is
e{fered: Then ths reaction iy well<eveloped at the tormination of exposurs,tas
contraoticn of the filrons tissca would obvours any possibla progreesion. Ia this
experimant, however, 2ince only the carilest stege of reaacticn was presant at the
time cf removil froz dusi, its sabsecuvent progress ws apparent. It should te
ootad that the degres of [rogresszion was so slight that {% can have littla,

ay, xastickl sigmificancs.,

.



N

. Irhalaticn Byparizat with Lonz-{iVer isbestos Dust.

Aftor animals iphaling shorf={lher asheglics dust lor more than 2 Tear rad
fatlad ts5 dovelop sign' “locst regstlon. tho hypothesis that asbestosis is pro-

duced bty the nechardcia. irritation o long firers was given sfded support.

Slpes tha Xirg'y {loats arbestcs used in thz firat {nhalstion exparizent jwd
& rather low centant of [ibrous chrysctila and centeined —onsidarable serparntins
znd other impurities, it vas decided to souduch 2 rew lnhalution experimost with

s purer form of chrysotile which =ould e richer in loog fibers.

2. The dustine ssterial eacloted in thiz trnvostigation =ac obtaliced from

the Yanville plamt of the Johms-deuviiis Corparatica. Sazpler of se—
varal Taristies of astostos dual =ary Jliret subnitted to tha Sarensc iaborat
for svzmiration zud cns KEnd, ifdantified ae Lat D, ¥hich vas low 4o wagnetite
and chromita and had 2 {ibroue content eatimsted to be abont 75 j:sr cect, was
selacteri 32 ooat aullible. Dieel wire Fmishas were fastszoed to the inaida 5=
face of ths hopper ard to the Tovaldng paddls ia arder Lo omen up the bundles

af asbestss and Ulterats oore [(idsrs iots the atwosphers.

&. The cozocaition of ths lang~fiber asbestss nead in this exparizemt iz

irdicated b7 tha cheical srd petrographic audlyzax given in Tazle Uy,

It appesre that thiz mstacisl 533 & mich o fovm of sooesticr than tha aheri-
[1Har At used in atlerr mpericsatn. This 43 boes out by cooparing ths arprox-

ioate amnslyxes of tha loageliter wd snort-Iioar idust in THle 13,

£1. Tra dust concantraticsn &8s mweetled Yr inpinger semplae taken inside the

eninsl cages w.s much lower Lhan the conesntration for the exparizants
vith abrt-fiber or hell.cdlled dvst, Por the first ysar of the exparizant will

long=-fiber asbestns the avsrege of the Light {1eld comte was 32 zilldiong for



tha nacatd 7ear, 18 odlllsn; for tha Shird rear, 3% 2tllien; azd fov thy rouren
7ear, L) =1llem. Examinaticn of tha iopinger sesrolas with dark 4ald i1,
ailon diaclosed Lnet may (ine particlaa las<s 4han soe miovon In size 2zcomnant
the larger rasticlss &nd dark fiald counts wers; on thz average, about S op

tines larger than ths light fiels counts.

62. The sizo—f-equency of atmospharic azzpla- of ths long~{lber asbestoe

dust and of the ball-cilled dust is shown {n Tadle 18, Scth saeslcs
wors collsatad with tae slactrestatin pracizdtator. It will Te notod that thaprs

wns far move fibrous meterial {n the lorg~[iber dust.

€3, Rsaction in inimels to Inheled lonc-Tiber tsbestos Dust. Guinsa pigs,

cate, rate end rice ware atployed in the {nhalstion exporizest with
long~/ihar asbestne,. Regults of the ar’nﬁ:mut‘ ranerized 4n Tabls 17, ars

described (n greatar detall below,

&i. C(uines Ples. Tha expesiment wne startad with 100 guince pigs. AL

=ponuys had been cxgried on for 2 year, 2 seree zpidasis

i pnsunenia amnae i the dneh room A atoud ope-Llnts? of ne anirels disd or

were Kllad, T replacs tham: X mme oninea pige wers added 49 iha suvivicg

€5, Rate end Tyre of Reactim. Histological smaminstion revsaled cassly
vizibls lasiozs {2 the lungs after § conihs
af sxpowamg L4 dmt, roralirting of esllvler infiltration about ths terminaed
Prosehialaa. L4 17 zonths, Ghars wers sdenonetold chemgee 4o the oir gpaces ad
by the 164k aanth 2 definlte [lhroxis #»z pregent in theas sreas in half ths

salraix, The fibromz lerioa cmld ba seem macroecopicelly st 20 conths. Poom

thie tima an thae resction increassd in sxtant and Lo the ezoumt of collagen wd



7 +he 3th =enth, 1t had fanned out ioto the pereactg=e. The lesisns were
rasher srarply loealizad anc “he extenziens (e dillerent
no teadency to fute, =ven in znimals exposzed for thie oosimiu pericé (3 sears).
Altrough the intre=-oulwndry vraction jomatizas reacred ithe pleiwry, Laere wos ro
invelveneant of thal codrans. o sephyseoia was 'ri;;:'.b_?.e av any point. Coze
thickenins of tho larssr ororchi mith & chronic {infommators nfilirsticn wae roe
vaaled, but it pi-obably' TeS no tore than would b6 produced b a4 sinmilar erposure
te any dust, For the first 5 monthe the phagocytes consiited ¢f wmonocytas or
very small giant cells; luler, giant cell farmation vas =zcrs preminent. After
15 =onths the giant cells were large, f1)1lad with yeilewish-tromm pigment and
sosetines vacuoliled. A occasional antmal shoved an axixtiss of polymorphe-
nuclear leunocyies and, in guinea pigs expoded {cr a consiZerabtle pariod,
eosinophilea. Tha rzaciion was al fizst entirely ceilwlar “ut by 15 mamihs fi-
brous tissue {or=ation was dofinite. EHomerer, il never atianed 2 staze of

wwallnisation sugoestive of sillcosis.,

4 mocerate inciviivsl varistion ocourred anong Whe ermased : fzals, Leth in
the rate of dévclc;i:.:;';aaic:u ard in the atage of doveioumant altared a2t he
end cf exposurs,

inalyses of tne longs (Teble 13) dlsclosed tnst althovgh the tissui respense
was tuch grsater in thess quines pigs then in thote expossd 1o either shaiv-fiter

or tallecilled asbestos, the smoumt of tiner:l azbtior in the Lung ash was Lcc.

85, Progrsesion. In guines plzs exvmsed to tha dnal for 20 montrE and Uian

temoved to normal alr, thare =us a ozrked lendency [or
cellular {oflzmmatory reection o clear, 7Thig affect, ccocmpanied by comtracticn

of the {ibrous tisrue, rssulted in a disdnishing sizo of the focal lesiona. Hone



of thess ardmals, Xdllad at varisus peiods ap to 1b Lortas a2fter axposuce,

raveglad logisns 29 laerm 3% Lhage in Ltho sroup cac=~i7ierd 39 450 i of 1w

114

cO-nonth TYposura paricd or Lhane La animals vhich ~enziicd in tha dust ~sen
fer more than 20 ponths, Fourtesn manths after cust e - ure coased, the fock
in {our of the afy remrinins suinca glng wore ao amall thil ther wars vigibhle
only withi & hand lens.

Roactlict 12 the growp expesad for 87 nsnths and Lhen transfermd L2 a2 norms)

3

stemsyrhers wis quite similar to tha rempense jn the 20-omnth exposse acizals
cenationed above. FPomwer, mmall focl smre 2lways visiblo on Zross inspection of
sactions of all Zuinsa pize of tha 2T-menth serias ont in a0 instance wus thera

aricence of axtension of the reacticn.

67, Lym=h Sode Invoivensnt. ZRazction in ths Lracheobreschisl lywph nodes

was {irs% visible et the third zanth of ==~
roeires, At the §th month pstcnas of csililas aannaciiva tisie Segun o appear
in the mecdalla and by tha 1Lth menth most of the ands Rad besn replaced by
cellular eonceative tizsue, Thlis pleture, ohich reserhled thet in early silieseis,
prrsistad ta the end of the crperiami. Some anfcals, 38 2 varient, enowed heave
sheets of diLfuse monnc;tes and lirge antive glant 2alle Wt thers was ngrer any
racrezis or hyaline fozzatim, Tha spipdla-shapad 'w'w enlls wers 7=Uovish ia
~2lar fro3 flna sigpent grawnpides thal staiasd foo fron., Ho flhats o asbestozis

hading vare sean,

€5. Asdeetosis Joalwen, ilthaugh asbestosis Tndies mere seen g cerly 23 Sna

somth aftar sxposurs began, thay ware rars and haid
tn find, st 9 momihe mave were visible, chially eniled (nstde glent celile; 2rd at
8 montha many hodies were Traa in connactive tissus. Thoy becoms {airly anmdant
28 exponTa Trogratse’t 2lthough JA some later animala tho asbastosis bodies wore

caly mderately nonarous.,



£9. Cste. Towr cats innzied the loag-{ivar 2sbestcs dusi for pariocns of
i, 25, 35 and L2 months, raspectively, and were i=mscistely
azcrificed, Two other cats, aftor being errosed & duxst for 16 memthe, Yived -

: normal atmospnere for an .ditiopai 2L months.

70, [ate and Time of Reacticn. Uxposurs for LL sonths was eulficiems o

produce celluler azcumilations of phagocrtes
around t.u'ruj_ml Lrenchiolas snd periphertl zrtariocles together with compact osl-
lections of similir cslls in the trachaobronchicd lywmph nodos. AL that Lime theee
were no typical asbestosis bodies, but =wocth poi.ntod yelicw fibers vere zeen verr
rarely. With continued exposure, up to L2 monthe, reection in the locations voted
grogressed to the fcrmation of celluiar comnectize tissus which =ede vsil-defined
sheaths adout tha rerizetory broncndols =3 = artsriviesx, merked lympheid hpper-
plasis ard lywphoid dnflitraticn of trouchiolar yalls. The tonchilolsr epith-
slitm was lox and flattened, giving the tubes & mooth comtour. Typical astesto-
sit bdies were Dot {Crimd although thers wes an socasioral yellow, smooth,
pairnted (loer. Ns plourisy wus presant, Tha reaction wee similar - lscatien to
that Lo the g)uj.nu plzs, but {ibrosis w=ne cuch slowar in development and had ach

rsachied the same degres of maturily,

(L. A=Ay Vuncer. Roentgerderams af Ume cals were rade efMiar expoitse
periods cf 25, 13 and A2 moather, D tiseue cherges weTs

not: denga encugh W b seen ov 4n Zeewy Sl

72, Fata, Ailthoush 20 rats wers placsd 4o the dust ook, tany died (roz pneu-
oomia and were ot sultably for suidy. Five anlmelds, of whichk o3
was exposad for 17 somthes and fows for 25 ponths, were (ras Orom pulscvary inlecs

tion ud affer a basis for conclusicre.,



73. Rate and Tva of Rsaction. 41l four acizals sacrificed at 29 menths

showed a well-parked peribronchiolar fibrosis.
[r the LS-wonth animal, rescticn was just beyinning. Asbestcsis bodies were
ractically absent at both 15 and 25 months althougn txo sxall smooth bodies wern
found in the 1F-momth anisal after o long scerch. Thus, thess animals exhibited
{ibroais without ssbestosis bodies.

i, Mlce. Out of 20 white mice used in this axperiment, 1l lived & yesr c-
nore in dust ind died or wers Kkillad without showing an appre-
ciabls degree of pulmonary infection.

7S. Rate and Tvps of Reaction. Reaction mes limited to phagocytosis by

oononuclsar colle. Usually these were wide—
ly scattersd through the air spaces; & lixitead rucbsr were grouped about the ter-
zinal bronchioles produsing zoma thickering of their wills., There was ns sug-
gestion of [filrosis. The eirikdng faature of the experizent was that 9 out of the
1L mics (82 per cant; axpossd to dust for x y=ar or =uTe showsd pulmonary tumors,
aseallyr mdmc;nwu: in typs, Thess lesicn® did not contaln dust or asbestosis
bodies.

Numerous asbestosis bodisa wors otsarved in ani=ais idllaed late {n the experi-

memt, Thus, thess animale exhidited asbestosls bodlias without fibroatis.

76, Summrv and Interpretstion.

The popese of this experizant was to evalusts the Lrportance of long
fibers in the tisme response to inhaled ssbestoc. The rasults indicate sironzly
that long fibers are chiefly responsible for the reaction. Thus, in quinsa pigs
reaction devaloped esarliasr and bacame more extensivs than in previcus experiments
in spite of & evaller comcentration of atmospheric Aust and & lower mineral con-

tent in the lungs, Furthermore, s typical peritronchiclar fibraaie wme —----




in cals althougn in & greviovz extérizemt with shori-fiber dust it digd net
dovelop o this species.
Tha cause of thy cellrlar fibresls ia Lhe lympa nodes of the gutnea pigs

{3 not clear. It did nmot cecur in othar inhalstion wxparioenta with asbestos.

IXONIZ. INJECTION EZPERDENTS

In crder o determing (o vhat ertent tha various fIbrous cinerzls possess
the capacity to producs tissue dsmage, marcus injection experimants were per-
forsed. 1o these experiosntes guinea pigs &nd rabolts were used and the mineral
dust was injectsd by the intratrscheal, intraperitonasl and intravencas tech-
niques. for the pwrpose of simplificaticn the findings {n each saria= of tests
have been cordensed and reporisd in t&hl;s, Lo which reference will bs° =adle

later.

75. Exverizants Usinz Tatratrachsal Tachnicus.

Sinca the esbestos wirarals do net cmuae & typlcal advanced [idresis in
extra—puloonary Ltissue; ths {intszirechesl techrizus iz tha perflerted wer of in-
troducing fidrous dost {n%0 the expe~ilenisl znipai. In thle zsthod the dust
cuspenrion L injected by means of & special needls or cathetar deep into the

trachea, (rom which L% (lows {rnte tha lurss,

=

73, Coepxriszon df Plhrais ard Mor-Fbhrovs Tusts. T demonsirats tnal lios

ability cf estestcs io
produce (ibrosis raaides in $ty flhrous sharscter, the serims of {njection exyari-
Dents reported in Table 17 wars periarmed. The tesls warw zmade with unhaatod

long~fiber chrysotile ard with chrywotile that had been ignited t2 destroy Lia



——

flextbls structure or dall-malled o reduce n2 Joni=t of Uller Ls 3 micrens and

legs. At the sare time Jorsrel tostn were - riatine, wiich hog “ha
saze chemical cemposition &g chemTanite ol Lo mem="lrio il (o reviaw 3f ths
[indings reveals that anly the wmheated long-ffier ¢=rr & produced fj.hmsis;
Fibara Jubjectad to Louizticn or snor-l2med ber Bali-~milic iwd leat ttair capacity
%0 cause serious tissue da~z are.  Igniiisa pridaced Zocrtani changas is the hry-

sotile fibers, among then Yelrg loss 54 water, on ziterasion {rea a flenible to

a brittls structure and peesibly other chaages.

30. Comparison cf Tarious Lorg-i'iber Dujts. Soie very interesting firdings

‘ sre ¢ilaclosed 7 the results of
the expericents included i: Tabla 2C. Ficsh, 1) The lsgi-+iter ashoustos minerals
tastm, with the excopticn of anthopryllite, orodveed a t7pical Mbrosis. It is
not entirsiy cleer vhy sntlophyliite benavad GifCerantly J-om tho othar asbestos
minerale., Unfortunately, € of & aniwls died of tnowmonia withdn the {ipst two
weeks of tho experiment ine. the Sowaining eniials wore sacrificed at 1, 3 azd 12
Donthsl thus observations tears now nade at the orsims pesiods ¢f 2 ard L =zonths.

Second, with the miqer=l brucite, which 1s oot a zillzats byl La 2 fitrous
fora of cagpasiv hydrexida, = charactariastic fibroais 1iie that of the asbestoe
mirerxls was cttained, JIince ths bdrucity used comzalned oniy CuP) pox cect silica
(as en Lr.pu:"‘lty), it 1s shriccs thst 2 siliceous csponszt 1= nob an exsentizl
factor in the development uf actaztosic.,

Third, mo fibrosie resultad Iro. the injection o gizcs wool Ilbars, even
though glass wocl resemblss zybestos in anoe wvay¥. There ars Duxdsoental di_ffer-'
ences, however. 4 glsss wuel fibar } microns 4n dimueter s 2 solid rod and, in
short langths, is falrly =igid, while an ssbestos {ibar of tha saxe clamster {3 a
burdle cf axtremely fina {!{laments which impart to tho [idar a high degprss of {lox~

ibility. It would gecm that this snructure and the assoctated flexibilitr ara



Uportart facwers governing ths capacity of a mineral to produce pecibronchislar

{ibroxis.

0L. Commeriscn of Lor~-“iter and Short—+iber Dusta. With quartx dust ¢t has

beann demonstratad that
the smaller the particios, tho more interse is the tissus reaction, and that there
{9 1{ttle resction to psrticles larrer than 3 :r.ic:rom in dismeter. In tha case
of asbestos, bowwver, the reverse is trus ad spparently only long ribex:a have
any specific affect. Tuis 13 confirvod by the dats of Tabla 21, {n which a seriss
af tests wilh {ibrous minersls i3 repartead. Fhen the injected dust ccusisted of
fibers 20 to O microms long, ell the minerals tested (except anthophgllite, as
noted in Section 8Q) produced & fibrocis; whem the materiil wes prepared by first
grinding the (Iarous dust until the length of fibers was redaced to 20 xicroms ard
laes (cr, in some cises, I micTas and less), noms of the injected minaral custs
cmsed fibrosis. |

A2. Zxperizents Usins Intravencus Technicue.

The mxperizeats, dascribed in Tabls 22, {n which the i{rirazvencus method of
{njection was acployed, ahor that the asbestog xinarels ers far diffarect from
quarts in thair actica on tlssus. It has been repestedly demonstrited thet intra-
venous injecticn af quarts perticzlas 3 merons and less in dlamater vill cause &
typdcal tissus reaction =th W develommant of fibresis in extrspul=coary sites,
such a8 the liver and gplaen. isbestos minarais, bowwrer, on irftravencus {njection
genarally oducs oaly an ioart t7pe of reaction; as i< resvsalad by the resulte
given in the tabla. The rssscn for the early deaths in the experinent with chrysc—
tila particlas 12 not claarj it may have been caused by silicic acid liberatad by
tha finsly-ground minaral.
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33, Peparioests Usim: Intraperitonssl Technigue.

The results of injesticm experiments with the intraperitonesl techniqus ara
givap in Tadble 23. It will be notad that the long-{iber dusts produced 2 Zbroua
reaction while dusts comrosed of perticles ) microne ard lass (n slze caused only
an ipert trpo of responize. These exparizents indicats slsc that the Litrosis
initiated by ths irritaticn of ssbestos fiters is net cestricted to the lurgs,

as way formerly assumed, wut can be produced in the perifoneun as weli.

WXZI¥. OTRER TXFIRIMENTS ALTH ASETSTOS WINERALS

4L omber of additions]l experimentz werds comducted to tiwoy mores light ou
spacific phases of the asbestosis problem,

-

95« Frotective Action of Alnm{yom Comoonnds,

intrstracheal injecticn of & suspewion of long-Ifiter corysotlles to which
colleidal alimimzm ipdrocids had boen sddsd revealsd that the addition of the
whaminm compoind d4d oot prevent the tissce Lrritation producsd by cltrysollle.
If anything, tha acute inflemmmtcry reepenss 13 the injscted fibrous mineral
was sconiemated, Ong zooth after Wie lazt injestica of *as dest ruspencion the
bronchiolitis was beccming fitrom.

86, Prormation of isdbewtoxis Bodies,

The iron in the ¢seding of ithe asbestoals body srpstrs %2 be darived [rex
blocd cr tisens elsments and not, az has besn snggested, =i tus sdoerel Dber,
Following nbf.uunm irdocticn of t.'.s.,w ¥irds of chirysotdls ints the groin of
gzinsa pigs ~ one Yiod comtadaing 2 per cent and the other 0.2 par cant ezl
the ssbactosis bodies were emally nurpsrous at both gitss of injection,



in attamt to troduce asiaAtasly bodies in g‘;:.:'.e/zr‘/;i;: by {mmlantstion of
three gilk bars come'aing £I%rous chedotils wa j,z."‘/.aucca:aml. S bag plamtied
ey .
subcutaneously in tha sbdominal wall disappesred; the other twe bags, placed in
the peritonsal cavity, preducec o little farsign oody reaction but pe asbestosis
bodies in a year,

Iatratrachesl injecticn 3% guinas pigs of asbestosis bodies recovered freo=
g tissus falled to produce the tyrical tissus reaction to asbestos
fbars. Tho {njectad material was chiainad by digesting with sodium bvpochlorite
sclution lung tissus removed at autorsy frem an azbestos worker. The asbastasis
bodi;cconldbcsnninmzuiu;pi.;a for st lemst a ynar after injection. _ |

This experizert shews that the astestosia badr bas & rather resistant coating
which i not destroyed by cxierate hypochiorite tresiment anod mmy be maintained

in vivo for g year cr loger.

LOETIZ.  THZORY GF IPRITANT ACTTION OF ASBESTCS WIKERALS
~

Two hypothesas hore baen propossd 0 explain the tisewa irvitatica and reac-

ticn ceceed Ty aadberion fibors: the chewfical ard the mechamical, In the chemizsl

e, e
theory, which iz based upon exparlerve with guarts, (b ig ssswwd that ths as~

hagtos mingrals dissolvs in the body fAwids and ther {0 this rrocese thalr basas

are lsached gxxy t0 lozve mdlics in 2 form copablg of frtiiating tissues, Accord-

ing to this hypothaais, sshestoris woald be marely ao icdirsct atlicosis. Severss
facte nmal» the rhamies) theory mbeanshless (1) intratrachietl injectiom of Yru-

cite fidbery, vhich had 2 silice cortent of only 0.5C por csnt, cauexd ¢ Yypcal

b NENPUNEES Y

fibresig like that rocuced by the ssbestos zinersls; (2) fras—eilica particlss
incresse in potency a2 ths particle s{ws becozss lees, bui asbestos [ibers

sharter thsn about, 10 to 20 microne sre relatirsly innocnousi (3) elneimim



——

© wydroxade rovtralizes tha irTitating cffect of quarts bub nol of ashestcs;

147 serpemting has the sane Cherwcazl compasltisn e iong~{iber chrersstilz dut

iL doen unt rroduce the SaSe End ol Liso:z reacticn; (7 thore is 2 Tide ranpa
. Lhe cionucal cozpositicn of the minsrals ehdch Jo cause asdestosis (see

Table Zh}. In view of tMis ovidence it seems more liksly that asbestosia is
4
caussd b7 en unnsual nechanical irritetion fraz long ssbestas {ibers. Frehably

tals irritation is related to the paculiar filamantod sirtcture of thae fiSar and (/.49

2
<

the arsacisted {lexdibility, which are poesesssd by ro othar foreign body. Fer

axandls, iz ution of cruysotile [ibers charged theis structure and made then
SR —————

inert whils the sams floers, bafars deing haat.ad,' would prexiuces {itrosis {sea

Table 13). Turther suppert for the theory of rachanical i-Titstion is that

asbestosis occurs in an organ of high =ssility - Lthe Lung - and that 2 ftrous

reaction can be produced by injection of gabastos {ibors into the peritonsun,

There thare is also 2 degres of oobility, but not in' othsr extrepulacna:-y orgars.

LOCYITI. SIS LICATIONS

The exparioental imrestization vwith zstestos tiperals was concerted pi=ardily
with the 2ffect of thie dust o5 normml tissue “ut som 2atlentisn wes iven to

othar phases, such az gascentibility t¢ izfection ard ccowTenco of maligiancy.

89. Infection,

The only experirent in which the s({cct of inhalad asbestos dust o2 a ful-
monary infestisn wag studied wes the [irst inhalaticn experimant, carvied on wilh
"Xing's floats® dust, It i3, perhipe, wnfortunats that infection stwdias were

not mde in the other irhalallion experirmnis alsec.



G0. Suscertibility to Tubarculous Infeciion. The demelepraci of a tuser-

2ulzds process initisted ab
the oegimniny ¢f expeeure to asbscios cusi, ard &lyv ol An infection superiwposed
upen an esteblished asbostoais, mas descrided 1a Gections 19 end 20 of thin ro-
port. It will Lo notacd that asbestos, rhen classified eccording to the offect
of & dust on tuborculouns nfection, uld Ye rlaced balow an active et lilm
quarts but abov: inert custs, such as calcite wnd frpsum. In andzals infected
with atleruated tubercls bacdlll, quarts vwill cause <he infectiote p.oceoss to
progresz until Lhe anizal dles of luberculosiz. Inert ducts will have no effect
on the icfectioa and the lssions will usually neal and the digense disappesr.
dchastos dust {3 in 4 diflerent catagory. Then tho {ibrous dust was being in-
heled dwring tus evolution cf the infection, ithere was 3 spreading of ths tuber-
culous procsss o3¢ & timo byt uwsually :ﬁ.:: stizuiug for comtinued gsiifceration of
the tudercls bacilli was not sustained, the progfcs:i.c: vas arrested and bsaling
followad. In guinss plas infected wiih attemisted tubsrcls basilli followi=zg the
complstion ar rearly threa years of expocucs Lo asbastor dust, pregreasive diseasza
did nut develos. 1'115 oriy nodification of the infecticn vix cue of localization,
a few bacilll being retained in the fibrous terminal Srenckicles and for=ing
tuborcles there in sdditien tc the vraal focl benesth the pleura. Such tubercles
healed {n & few donths and there was nothing ‘o suggest azy {aflnsnce cn the

course of the dizesass,

91, Suscastibility ta ¥om-Tubarculous Infectiion. Thsrs way no pointed ex-

perizent conceraing ‘he
effezt of irhaled asbestos dust on non~tuberculous infaction. Isteraxrrent pnou-
monia among anis<ls expoded to asbastoaz dugt wes rather comxn, the frequency in

guinea Figs exposed in tha fowr inhalation experiments renging from 15 to 3§ per



-

cent, Thiy incideata evidonse 1970208 Lhe ©OSSicilitr of an effect of astesios

¢ust on pon=tubsrcwleus Lrlz7tien. lizvertheless, zince such eridemics are not
uncarmnn in {zhalatica exterime™ns il otiwr duste and sven 4in the coleny of
tormal anisals, 1t {2 Qell Tiwt Wihe Luhalatisn of acbestos duct dees net exers a

signiZfeant eclech o the Suscertibilily to boa-tiberculons tilmwnase fnfestion.,

3

« Heovizea.

o zpecillc zperizent TS conctucted to datorices whathar tha inhalation of
asbestoa fivors the Cevelosmani of neoplastic disesse bui citvtain obearvations on
this subject rmra Tecordad in the cutline of the proposed zonv=raph on asbestosis
subcitied by tha late Ur. l.. ¥, Gaodnor 4n February 19L3. In st be called atien-
tion %o the Mgk inclisace =f lung coucer among mica innaiing 1o z~fibar asbestos,
In his experimectal natasz. hovaver, Ye rﬁerrnd 0 thess leonn (s adenceas,

Thnare iz &n irpovriant Jistinstion betieesn adencam and ca..-accr thicn stould b2
nida claer. & cancar (s n tueor, or neorlasn, capable of local in-aszilon and do-
struction of bLicsue, <hich 2mn distrioute cells threugh the lymshotizs o Slesd

gtrean to proguce izalsced feai, from -rich now tusors ceveler. This honcTonon
nl disgerdiraticn {s koowm &3 setastasis and ony tumor which ezhivite it i= 3
maligngat growth, of which cancer i3 o type. 4n ademoms, < %he 0.76r hand, is
3 so-callad benign or nou-twlimt timer (ncoplasa) which ooy . or =r not te
carabls of local Lmvasica ut which doas net metastaciss.

In ordar te clavilyr <he euct niture of these lasicny the path logical natere-
12l i3 being cearefully exwired. Sings 4t i3 foli Zemirudle to hx': the terell:
of Ucctor Yormld's judchant, a reriew of tha data ea this subject (8 beirg post-
poned until aftar hic retwT froe Daoope. Aether than dulay the eal'.-s report,

further ciscusaion will La reservod for 3 supolsmant to o fssued lot ¢
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