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isbestoein Lg a TilmonarT dlsesss cauded by the inhalation of asbestos
dust. In animsls it i« characterized by £ peribronchiclsr fihrosis wnich
seam3 tc be the result of mechanicil, rather than chemical, irritatics of
the tissus b7 asbestcs C{ibers., Only the long fibers produce a typical
resaction} short fibers are relatively inosrt. "The filamentod structurs of the
{ibers i5 s esseatizl factar in the mechamism of {>ritstion. 4 character~
Lletic tiasue responss can be produced by nz'i'zwilicaa:ua as w1l 22 siliceous
{Oxrous minarels. Inhslsticn of ashestos st apperumtly does not altaer
signifieantly the course of experimental tuberculosts {c guinea pigs. The
asbastosis body, m.ch ia a opecific concoxitant of sabestoals and forms
3208 &fter tha entrances of the asbestoe {iSer ints the lung, ix believed o
prevent, furthar dzmege Lo the tissus by the (iber srd thms to limit pro-
gression of the resction whan exposure cesses. Aluxims does mbt exart a
mrotective ;ction ageircet the tiseus irritstion of ssbestos Cibers as it

doet against that of quarts particles,
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asbestesis 1o & form of pnevmoconic=ic reswliise iven reelenzes inhala- }

*' \

tion of sabestes dust. Tus name zsbeatos, literzll: “emhurnable.® I3 nos

e

that of & particuiar z=incral but is 2 term applicd ta a maaber of different

sZnerals wnase characteristic feature {3 a struccure cemposed of long, par-~
———..

ailol, fladtle fibers. This atrusture is unique becauge the flhers are

F) -~

capable of rapezted longiltudinal subdivisien %o uniss of zalecular priportiocns,

in lecgth tiie tibars vivy from o few mdicions L6 siz or mor2 lnchas. 3cem
varieties are stiffer than othery bt many are sufficientls Dextle to be

ypun  imie yarn and woven on rodilled textile machizers,

*

3. &sbhegtos Xinarals

The asbestos winerals are zillectes Af variahle commciition ané belorg to

the zerpentina and vhm amphibele Jroups. Licted beolews are the more cozmon
PP A g, e g N
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varigtiex.

amhibsle Trouv ,
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- Arthoptylliita (Yg, Fej siliccts
tosits (g, Fs, A1} sillcate
Arphibolia {Ca, Vg, 2, A1, N&, K) silicate
Tremlite (Ca, ¥g) zillcate
Actirolite " (Ca, Vg, Fo) slicata
Crocidolits {¥a, Fes silicate + Fe silicale

Sarperitina Group

Chryaotile g silleate (hydrous)




The tulk of the asbestcs of cotmarce L shepstiile, 3 SC.281i0. 0,
whieh {s nined in the Toetford region 28 the Frevvane ¢f Quehwe.  Crocida-
ilta and arozits ars alao tsed coczarcialliy but in vk soudler axounte.
Cuysotile ccours &8 vedns in sarpentine. 2 mineral siz‘is- in ciemical coge
positicn to ciryzotils bub vhich ezists in oassive term and L= cids up of
riercacopic Sbers withoat the parallic) oriemteticn characieristic of chrvso-
tils. The meseive biue Lleck serpeatine, which i3 mooth and soapy to ths
touch, L3 traversed Ly vsins of fihrous chrymotils var7ing in widih from &
barqly parceptibls line to six or more inches, The {ibers rn seross the vein
and not lengthwiss with the formation.

Attention Is directed to the minaral brucite, YC.FoQ, which is often
found in the same formations with serpentine api chrrsotila and may ba ffbreus
{n strustures It has no commecial wriue Al pregent lwcauze its fidbers are not
sufficiantly flsxitle 4o ba usad in tevtiles dut thev are <apabla of repoated
langitudingl subdizision, Unlike other azbeatiforz wizerals, bruciie iz not a
silicate end for this reason it has Daen a velasble “col L7 an sxperizentad

evaluztion of the aglion of [fibrous minerals upen Loy tiisus,

IV, tIXPERDENTAL ASBESTCESIS
For zany rasrs studles have besn carviad on By the Sscanas aberaiory iu an
frvestiganion of the camss, maturs and devalomesnt of asbz3tesis. The rfresent re-
part iz devoted to Exparizantal labestosis. In it are doseribed the andnel ex~
perinents with verious Yirodz of ssheatags dust, 2nother rorort; 3 ba vrepared
nd lamind later, =ill he comsernad with 'rﬁt.rr.m rabrstonria ald ¥ill cover the haalll
sapeata of woriars #\0 here Dean exrossd Lo agbestos dust in an industiriad

anrironment .




U oo fpecles of anfzal chnarzctar-
{atic tissus chanzee vhich ara eimilar to ths laaslons of humn asbestosld. Sinces
the lifs~span of tha expari:sut4l znizal {5 relalively snort, it is aot possible
to develop tha coaractavistic ilasions in animels undsr tha ususl industris) eope
diticons. Consequently, Lo cbtein s mpﬂ:ba evalustion of the tigsus rsspouse
to irhaled particulate ard fitrous material, it i{s neceasery to sccelerste ths
reaction by esploying nizher concentratioma of dust than would ardinarily be gne
countarsd in induziry. Whila conditions of expommoe are thus 4 fferent, the
inferzmaticn yieldad b7 experizents with amimls {2 inveloedbls in furndahing a
betier mzin‘su:z‘.lm; of the raacticn of the hman crganis=m to {nheled asbesics

duset.

S Ixperimental Methods

Tor investigating the biclogical reantion of tha experimental sninmzl to the
varicus asbegtos =ioarsla, t90 Vypew of tochnique have Lean employwd, nasely, the
inhalation metbod and ths injectica wathok, In m‘ulttim Ws, aoups
of animals -~ W to 100 o7 =xre poinea pigr ard soostinee zmallar mzmbers of
rabbits, cats, dogs, et or micr - are kept for ight howrs 2 day in o cubical
durt room, edght © Ly dimenxion, in which & clovd of esbestos dust is mainteined.
.Ltimdm:zzmm“m,sfﬂ@mhmmiﬁmmd the tisena
mwmwmmmmmwmc:mmz reaction. Joom amimgls
e exposed for parricds up to thres vears. Ths injecticn sxperimenisz, in which
‘the dust, either dry or Forpendst 1o fldd, le imtroduesd into the anizal by the
intrevencus, (ntraperitonsdl on inlrsizachesal precedure, e wisd W detarmine
whather or not o particular dust heg s rotemtial ckrpacity %0 producs tissos

Tesction.,




Long~tarm inhelation experizents {omish {nformition uwpon which greaw rgli-
anca {5 placed whan estizating tha dagree 40 anich a dust might be hsrardouy ¢a
irdustrizl workers. Thether cr nct atmospheric dust, aven though potentiaily
darjerous. can be {nhaled, pass the natural dofense barriers and reach the pul-
monary tissua in quentities gufficiant ¢ cavso dz;:m.za can be deferticned anly by
inhalatizn procedwres. Injdection oxperinents aro el becauss in them contiat
batwaen t!.& dust particlas and tiszues i3 sasured ond the potemtial copseity of
the cust tu produce reactlioo cun be estizated accurately. Yhen daaling with fi-
treuz minerals like asbestoa; the intratrachcal methed s veluabla mincs it jer-

nits cosarving the alfect of thae fibers on pulroncey tissus.

6, Specles Susceptibility

Unlike free silics, sab=stos dosx not awart Lta spocific effect in &dl oargans
of 311 Mw of animal (Takle 1). Injecticr of rics quartz fato varinus organs
of the guin=s pig, rzbbit, rsd, cat, dog, chicken and even tadpols will rreoducs
gilicotic vodules. Howwrer, sixilar {njecticna of lozg or short fiber asheeics
hars resultad in 2 {ibrtus resciionm iz ths lung und, to z lezser axtent; in the

reritonaw hut not in cthsr organa.

7. Peculiar Characterixtics of ishartas

Experlsnice hos daxrostoited thet moet of the prilcnlals matisr inneled inie
the lungy of men snd snizel 1z 10 wicreus or lsse in paciem discster. Larger
particles apparently are exclndad By the probective mechenim of the upper raspir-
etory trast. In the case of Zbrons materisla, however, this rostriction doss ase
apply and (lbarw 100 &nd sven 200 miorans in lemgti hove Seen found 4n the tormine
al alr spacss of homan Dmgs. In sell laboratory anizels expeceed to azbastos
dust the marimm langth of fibar fomnd fo the lung Tarely cxasds &5 alcrons.

Kot every idrd of {ibvous satstial ia inhaled +ith equsl vsadinesz; for wxample,




the mymthetic Libars of glass ool apperently are t0o fnficxible to pass easily
throush tha nose, pharynx, trachea and orenchi and zeldom roach the termiral
oronchiocles and alveold.

Inhaled particulets matter cames t3 rest througheul ‘he terminal wir spaces
(alveolar duct, atriz, alveoli) in «11 parts 3f the luxte; inhaled asbastos fiba=s
ire Orst retained in tha respiratory broanchioles. These very swall tubes are
*_mad.i‘r.t‘a]:_v_ distal Lo bronchicles lined oy ciliated epithalivm. Their own gasen-
tiad liming L2 z low cadoidal Y7pe of spithalium bub, 28 theisr name ‘mplies, they
actually function in respiration through latersl alrecli given aff as pouches
#long thair walls. Elther these pouchesz, cr ths abript chaange in the character
cf tha lining epdtheliim, or the dacresse in diameter nf the tube, or perhaps the
coohingtion ¢f all three {actors is responsitls for locil retention of the irhaled
fibar, Only aftor ssbestoszis Lz well established are sppceciable nimbere of f4-

bers cazrimd into the =ore peritherzl sir spaces.

8. Rata of Tissus Reaction to Asbestos Fibers

The rate of tisscs reection to asbestor ia ruch zore rapdd than to an activs
dust ke q\m;ts. Evidancesa of ti...:s-u reapanNse ALTHAr 3 foon a8 fllers have
localised in qufficiant concentraticn in spscific aress. In rats receiving asbes-
tor (ibere by intratrachesl infscticn this evidance is vivihle 12 early 5 twg
veekz after injectiomng 2o guarts dush the laten? paricd alght ba txo reminw or
-, .

Tha behsvior of ths tistue resction to inhuwled duxt Aftexr ths termination of
axposurs {s not the same in sil{cceis as in asbestosis. n 2{licosis, the yourg
mdules baccma lirgeri L0 srbestosis, youig &car tlawus,thal way have foiwmed,coo-
tracts and bacomes mors denas bul tho ares of involvemant decreases in sizc. U

oposure to axbestos dust {8 Serminsted aftar s brisf period, the recently-inhaled




f{here 40 tha lung ==y causs tha fihraus tiszue responzs to continue fop &
short time, wntll the (f{berz 'wve Leen cocaled. Thig progression is ef anly a

2light degroe and of little significancs.,

9. Aabestoris Bodies

¢ pecuwlinr strutture knows as the subestosis tody or curious bedy {e o
specilic concomitant of ssbestosis. The typical bedy is a goldan—yellow, beadad
or haustratad rod vhich ooy be ef ther straipht or Swved. Cften ong o ‘;r:th orxis
gre tulkous iika s dush-bell. The bediea vary coaziderably in langth, znd di-
mansions up to 250 =icrons have Deen recorded.

I3 i3 Delieved thet zsbestoais bediec ars dus to & deposit of protein and
iron pignent upon ths rurfece of Inhaled fibers. In guines pigs thay form after
sbout €0 deys of sontach with the tissva. They ara sbundant in smn and tha guines
pig (see Table 1) Bubh 2re muer Lergor in ﬁhe forzsr, nrobably betsuse ths lerger-
sised air tubes admit (lters ol greater dlnsogion. In cats, racbits and mice trare
s an 2¢7pical zoabirs af & few of tne {ibsre after much longer rsaidmca. in the
lungs. In 'c;ata ard dage o todiae could bta discoversd. Although ths svidaics (3
ingcompleats, ia gepaery thal ins fammaticn of the esovestosis body [reTenta dexega

ta the tissuas by the fiber.

. DTHALLTICN EXPERIKENTS

Four comprshansivs {nhalation sxparimerts have ceen conducted at ths Sarsnac
laboratery 7ith verions fooms of rbaxtos duat, In cach of thase investigations
more then M0 andzmsls were woed avd bha experizamtz wece carTisdt ou [ paricds
ranging from 2 te = than 3 years. The fove Wiprds of sobegtog dued esployss
are 1dectified sg Yimg ‘s floats; chort fiber, 100 sor cent ballaxidled, azd
lorg~{iber aabestos dust,



1. Inhalation Experiment wiin "{ine’s Flouts” fsbestos Dust

The [irst ichalation smopcrizent cenducted at the Carunac labaratory with
asbestos dust wis begum iz 1725, Andmals inhaled the dust for periods wp to
uearly three yoxrs and scme m...xux pigs ldved [ about four years alter their
first exposurs to dust. 4 preliminasy report gi'ri;xg obaervationa after 29
monthy of expesurs appeared in ths Februsry, 1931 lague of THE JORRAL OP NTU-~
STRIAL mrz_:m.« L that tine observations covered a period of only 2-1/4 ng
and the conclusions 28 to the ultimxte effocts of inhaled asbestos dust ware
Frovisionsl. Results of the corpleted study ahow that most of the cosclustons
drovn {n the prelixinary report wars substantiated. & complets review of this

apariment {ollows,

12. The dustinr zateris) was 3 commarcisl varietz of esbestos dust koown

© a8 Xing's fleats and wae composed al short (ibers and particles of

viriable size, It was cotained froo the Thetford, Quebsc plamt of the Lsbestos

Carporaticn of imerica.

13. Thedust coﬁmsi:i_._aa {Table 2; revezls that ihs amount of Lidronsg corse~

tile was cnly li per sent, 2 rathar low vxlue. dowwver, thers waa suf-

fclent fidrous mterinl tc rroduces a charsctearistic fidrosis,

li. The dust coocsatration at firse wis quile low and for i=pisger eazzplas

takan goon afler the experitent wam gtarted, tha average light fisld

*

count - by tbe standerd techmiqua wis only 5.0 miilion particlss per cubic foot of
adr. ia sppreciabls nusber of larze particlis (or [ibers) also were presect, oz

«STUWDIES ON EXPERDMENTLL ENCOMOCSRIOSIS. 7I. Iohalation of Asbestoe Dust., Qardner,
L.O., ed Curmdngs, D.E. J. Ind. Hyg,, 131 6591, 97-11L, 193




shoen by an aversge count of 0.8 million far particles greater thar 10 microns.
Aftar the inhalation sxpsriment hsd besen under way [or ebout two ywars, the spead
of the rotating paddlie in the dustiing machina us incressed and for the ramain-
g ¢ or 10 sonthia of the experitmmt ronsidarably oors dust wes dispersed ints
the atxogphars. kverags dust couwrts for impingaer S.:-mplaa enllected after this
changs were 53.7 millicn for tha uweual light-field method, and 1.6 million for
partizles larger than 10 wdercas.

15. Reaction in dnimals o Innsdsd “Finc ‘s Tinats® Astestos Dust. Besmlta

of the investigaticn, briafly srrariied in Tidls 3, ahow that ichala-~
tion of King'e {loats asbestan curt produced a typizzl peribronchislar fibrosis
in guines pigs tut not in rabbiis or rata.

15, Quirea Pirs. Seven groups of puinea pigs were nsed. In thrae groups

the eofflect ¢f 3 contimucus and of an interrpted dosd
axposurs wes studled: fn twe othua gronps tha relatisceiis between infection and

dust exposurs wes investigated. The ramzining iwo greups wers infection comtrols.,

17, Rats and Type of Reastion. OUuimsa plge inhaline this dust for pericds

p L& 33 months daveloped a characteristic

‘fibms.t.s scomrTing An condesl patsihss sogut the rezpim’wry bronchiolss. During
this expoezre the periphearsl glvesid were not imrolved. The particulate elecsants
in the dost were transported to the Lyorhatle eysien whare they caused no signi-
ficant reaction; the fitcouns slemanta reamined flxed &} Lhe site of origiral
localization and ware seldow dstacted 13 the lymphoid tlssus. Tleurisy and fi-
bresis (o the gepta werw cogarted only when infection cooplicated ths procasa.

ifter exposure of arpradmately z year, 8 sell emowd of cellnlar rsactioo
had been produced sbout mry respirstery troncuiales., As sors dust was inheied,

it comtinued to ccciawilits in the sems location ard latar stages of ths diseans



consistad of extansions of the origingl lesions. New z1gas were not {avolved.
Appereatly, the LrM {ibers rere caught in the pocket-like aivecli ihet
arg given off Irog the lateral walla ol tha respiratery sronchioles. Thare they
ware phagocytized and cany of them wers carried into the wmll by mipgratory cella.
ovorwcloar leucocytas attracted to the area caused an appreciable thickening of
the bronchial wall. After 15 months n dslicats fibrosis nade its appearance.
The process avolved 2o gradualiy that =itotic divisiss of [ibtroblasts could
rarely be diascovered; nevertheless, the number of fins intarcellular collagenouz
fibern (fibrosis) steadily increased. As this fibrosis comtracted, it partially
closod the alvecli, and with this atelactasis the lining epitheliun assumed 1ts
eabryorde cuboidel form. The result was the sdenomi-like appesrance that ¥llis
deacribed in guinea pigs {nhaling }mccq carbidg, The longer exposures resulted
only in mors thickening of the walls of the air spaces, largely dus to an in-
" crease in the anomt of fibrosis. Ths fibrous tiswus always remzined cellular
ard never zhowed <the nyslinizstion charactaristic of sillcosis,

1A, Progressics. Ths reaciion produced in exposad guinea pigs ¢id aot gre-
gress signdficamtly dxring 4 azhaequent period of 7
souths when the anizels 1ived {n & corsl atdoeprers. Zetwsen § ad 11 conths
after aposure ceased, the cellulzr reaction had bsen corplstaly Toplaced by
thin gtrands of [iorems tlssue, Cbserved atdil lorcger, ths scir tissue decrezsed
in emount tat 1o the last mimel saerificed, 37 montly aftar discontim=ing dust

apostre, some {ibrosis wvas still visible.

15, Infection Coincident with pdst Iohalation. OF tha group of LQ guines

Sgr nfacted with attan=
uated tubercls bacilli {Ry strains) 31 died or wars sacrificsd befors two Toirs
of dust exposurs and were reportad in ths paper by Gardner and Cumings mentioned
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above. Sevenmtequ.cf these died Trom intercurrent mmaumcnia. Briefly, the re-
sults wyre 22 followsr 10 revezled soza evidenck cf spreid 2f the tutercuious
Froc=ss; in & of thase it wna confinad to the Lungs and in the other 4 ihg
abdosdnal viscera alsc were involved. Usually a 2lizhi iscal ‘extension af the
tuberculous infection had cecurred but subsaquent healing had resulied in f£i-
brosisz of both tha fulmmary lesions and the secondary lesians in ether srgans.
The healsd pulmenary lasions shored oore [ibrosis than i3 characteristic of
eit.k;ar “uberculosis or asbestosis 4lona.

The 9 animals which were still alive aftar tme years of dust exposure vere
sacrificed &t intervals during the following year. In b of thes thz rrisery foct
of infection had healad with fibresis and evan caledfcstion arnd therzs was no
evidencs cf progressicn. In ths other 3 the tuberculous focd rhowed cvidancs of
havire teericusly sprssd locally: {n b of them $¢ hod heaied, by the time of
autopsy, with mxoassire fibrosisy in the othar anizal thers ¥as 2 genarilizod
chrenic tubsrculous gneusonia in ons iote and isolated primary tuberclss, wiex

were gtill sctive tu? had not spread in the ather lobes.

Evidence of extensicn cof tha infection was first sasn efler 7 months cof dust
inhalations dmring the next 20 months: wore than half of the snizels showsd an
actively sprsating tuberculeoeis 2nd in I of thex seall cavitlies had devesloped.
During the lzst § soqths no Ma qhibit&d ©y evidence of active infastion
elthongh 45 half of thaR the hetled Clhrous scars of ptertiova extansicns were ¢o~

vigus., Sixty pee cemt of the gulsei pigr with onrsadlsg uimonary tobsrowlezis

ahowed tuberculoeis of tha splsen and liver.

20. Infection Superidposed Tpon an 33tablished isbegicais, Twalve guines

pigs, after in-
naling asbestos dust foo nearly 26 menths, weTe fected wilh tudbercls bacilil and
then recoved ts normal &ir. The subplmural tubtarcles in the dusted ani=als wers




7o mors numercus than o non=dusted cnulrols, Sui s considarebla mumbas mare
{ound in the depths of the lung somut, foel of asbeztusis. The reaction te inlec~
tion showed only =light local emtension about tha origiral sites in tha luncs

and tracheobronchial Lrroh rodas. Tha atvlooinal viscars ware inwolved in culy

oog anizal, GCazeation wes fard in ttherclen 1-1/2 montha old s by 5-1/2

4

months 1t had corpletely disappeared, leavins orly scar tiasus., The latter 2t3ll

persisted in thg last andnal, which wes Willad 1L uonths after {nfocticn,

21, JAstestosis=z 3cdies. kdorite mombars of zabaustesis todins occurved in

the lungs 2f the zuinsa [ge, beceming =xs nmumzous

and more distinetly seguentsd in latar months.

22. Rabbits., Rabbits expossd tn the sabsatos dust a7 porisds wp 4o 19
nontha develnped lmz;-grada foreign~oody tyne of cmastion but
na Ohmodls,  dltheuzh their. lungs cortalned particulute aloosata of the st
fibers were not prezact, indicating that the apper respiralory sedwaiss of ihe
\ :
vabhiy s a.:‘.;q'.mts to exelude {ibrove foveign bxdies. Two Tanbils, after inhaling
dast for & aZd 18 aoathez, Ured Lo narmal zdr for more than two ysars. A% aulopar

peither anistl shomwed gy ovidancs of szllular reestion ar fibvosliz fy the %erw

inal bropchicles cor =wrs thars sryr ssbeatsosia todiea.

23, Rats. 411 the whits ratz had woquired an infection; resulling in ths
formticn of tulmonary whscessas, Wefore they camp to sutepsy.

Apparently, oo sweh hevy Wmons ovatructsd Lhelr orarchl bhat vary (o~ {(vers
could ‘have antered thedyr limgs. In a (g9 of e rals; an o2zasdonal ssdzstosia

body wes discovered but thers vez noe [ibrosis.
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2. Sumary and Interpeetation of Inhalatisn Experiment *ith Fing's Floats Puse.

The findinga in ths exPerimnt with Xing's Mlodts dusé can ba surme.
ized under three headings.

A, Effect of the irhaled dust on normal ami=als. The Eing's [loaisz

dust caused s charee~
terigtic peridbronchiolar fibroais in guines pigs but not i rabbits or rats. Tas
fibrosis did -ot orogress aftar the dost arposure was discontinusd and tke guines
pigs transferred to normal air. '

B. Effect of the inhaled dust on tuberculoais in puines wics. In ginaa
. pigs in-
fectad with attamatad tuberelo Lactili snd then placed o ths dust roce, the
resylt: ware zory vurizbls than is usual in sn erperiment of this type. A few
snimls ahowed oo sign of progression; {n most of them thare wrs gvidsnes sf Same.
porery rrogreasion with subsemuant hesling; in ong animal there was comtirmoua
frogrossion to daath. In comtrast, whan guimee pige, aftsr being indactad, :'u:e
extosed to quart: instaad of asbestas dugt, the infectiocus orocass comtinues Lo
progress and ermntually wmses the death of the animzls, Cu the otrmr hesd, exe-
posurs of infeetad animels to a harmless dost 1iia c3lelite or gpoum doss not
lead % wy progresuisn «f thg {nfection. Tuinsa plge infected with attemated
tuberels baellll following the terminatinn of about two years' exposure to asbesics
dust did not develop progressivs diseszs. Tha only mediffcation of *he tnfection
was (n it locallsetion; & few hacllld taing retainnd in the fibrouws terminet
bronchinles and forming toberclos there in addition 5 the usval foci benszth tha
pleurt.
In view of thia varisbilily, the wmusual maturs of the response and the higp
preportion of deaths frum intercurrent paermomis Lt iz f2ll that dafinits conclu~
rione 232 tH the infinenne of this dust on tha course of tuderculous infection are

not justified.



C. EIffect of tubercilous infection ou tive reection 1o ishaled dust.
Infection corplicsting asbestosis sccantuated the tendancy of the
dust %o producs fibrous tissua. Thiz chongs occurrsd vhelher or not the bacterts?

lesica vze in Comtact with tha zrea of dust reactioa.

S« Inhalaticn Expariment with Short—fiber isbestcs Dust.

N

Since hasardons dusts like quarts are moct affective is producing fibrosis
when the perticles are 3 microns and less {n sizs, sn ivhalation experizant was
carrisd on to deterwins Mher this cendition {8 txue aiso for 2sbestos dust. v
wis thought that by using a short-fiter zebastos dust consisting alnost entirsly
of fibars and particle€ smaller thes 3 wicrons an sccalsraied tiseue respouse wismt
bhe initisted and an advanced resction oblainad in z short %lzc. The previscus
tnhalation szperizent with Kingie floats asbestos, #hieh conieimed fiSers frem L
2. 4o 1 ozdoron or less iz longiiy &9 woll s 3 zrext deal of particulate matter
st which produced a typical peritronchiolsr (fbrosis ia mposed guiras y;igs;
servyed &3 a—baais of comparison.

26, The dustizs material for this exporiment w=s (ormurdsd {rox ils Hamville

plamt of the Johne-Menyills Corporsbien. [1 wex tha remslns of [iters
collectad {n dust bina after & carding aoperatlin and acresnsd 10 vess 250 zess.
Sinee the materisl as recuivad cmizinsd many lorg {ibars, 1t wax growxd n e
steel Dell wil]l ta redoce peacticallr 212 tue pertdcies W 3 Zorons o less Lo
size. Yheo teed slome in 2 srtandsrd duzting pachies, this flnsly—growd asbestos
teded to peck in the hopper and 11 s necenzery Lo iz ooz volmma ol the uo-
ground materizl wth tiree woloees of Lthe ground 40 Jxerste o satisfoctory dast
clowd, The additian of the small quantisy of unground asbertos wap mfortuusie
becanng Lt oonfused the intarpretsticn of pesulla. Frobably the sincr mmewmt of
reaction that devaloped = '~ o tha lung {ibers in ths edxture glthough tim



Pt

datz of iy experiommt do not prove the roint.

7. The commositipm of the short-(iber asbestes as recesyed L1z diszclcsed Sr
Qe chemical 4nd petrographic analyses given La Taklo L. Swiples taken
before sd @fter griztiizy 7ielded zbout the =ame valaes on aralyesis, indicating

that thess was ne comtazinatiocn froa tha mill or losz of water comtent.

B, The dnat comeemtration variod somewhat during-the cxperinsnt ard light

Hald coumim :?er‘ atmsspher{c zamplen collected inside the ani=al cages
with ths iopdinger sppczitu.s ranged from 63 cilliion to 182 million. The average of
comts wae 130 xilliom for the first year of the experimant, 134 afllion for the
sacond yer gud 14O =Wen for the third sear.

2% Sge-ggm cassureoents of air«(lozted dunt from inside tha cages
&&. & cagnificaficn of 120CX revesled a great cropondsrancs of fins par-
ticlas (Tablg 5). Heariy 90 par cant of thy nerticles seen were smaller than 3

ricrons.

X. FHemction in Axdmals to Inhaled Short-Ziber aairsatos Dust. Four zpsciss

af .ardrale = g:.:inu plge, mhite rats, cats and rabbits - weare used in
this experizent. The reewlts of the dust expasure, which are suwsmarizsd in
Table 6, w1} be considmrsd msre in dotail balcw.

Ji. Quines Pigx, Bighty gtines pigs worw originally placsed iz the dust roem
but 21 of tham wers later elirminated from the experizent

and }dllad becamns of eclirged 1ryorh modes, Of the othar 5§ snimls, LS resained
in ths dust reom until thay ware sacrifined or died from natursl catSes and 13,

aftar being oxposset to dust for 20 months, were tronsferred to & normal atoosphsre.

32. Rate and Type of Raaction. The type of tissus resction to the inhaled




shert~{{ber asbestos wes esscntiilly lhe samm as that already chserved in the
axpericsent wts xi;.ng’g flowts acbestos. The rats of reaction alssc was eoproxi-
mately ths sxme dnt the extent of involrement with tLe snat-f{bar dust wzs

very uch less =w aftar 10 to 2k month: of exposure cnly & very few amall fecd
of reaction, whi:h. gecerally required cicrescopic 'e:mzxinatioﬁ for detection, wers
produced in the gmisea pigs.

Untll expommr=s hid coutinued for approxim@iy o 7ear, there was littls
tordancy or dust=containing phsgooyies Lo collect inte clumps. By 16 xonths
rhagocytes had bogen ¢ collsct about the wills of a few of the respirsiory bron-
chicles with & Uittls proliforstion or iafiltration of moncmiclear celle {n thass
walls. There wervizlss soma ruitinuclestad cells but they were always of tha
inert foreiga-body typs. AL 20 to 2b wonthe the calluiar clusps were scmatioss
quite daried ard gometimos chingaes in the epithalium remulted in ths zdencesa~lika
ar lzdencowtold® appearaznce jrevicusly described in Section 1. In zost of the
subsequent megbery of ths tariss, the rezctdon rossined celiniar in t}‘ps.. In a
fow, howrrer, fibrons sleccuts domirated the picture, In the latter case, the
collagen w4s —3_113 in eolor and temuous wdth no heavy meollsan hyaldndzastion. 4s
in the rats deserited Balow, the alvenlar #eils sight be made up of & bikad of
collagen sopperting & lsywe of smdtholisze, hut with e comtained capiliesies. In
the trachechronchisl lyxoh nodes tha resction wrs wore pronounced in ithiy experi-
pent Lhan in the previeus tee xth King'o flocts asbestos, juobaply becanse of
ths tracsportation al an axcesr of fine particlsa to the nedees in adrals {chaldrg
thert--fiber pabesios, The resstion w3z essentially aa increass in rsticuiuzm, rattu:f
thar 2 (ihroede, ~ith preservaticn of thy origzinal coslls Tetwsen tha thickensd
reticuler £ . Diflusa crworde plour ithoul rridencs of palecnary inlecticn

AJ

s present (n g far v~ e,




Je CTOFTESSLGN. W0 W2 ao-i/u-contis following the cessation of 20 pogths®
exposurs {5 dush, orogressinn of disefus was not dafinitsly

damonatrated but neithar cculd it he absalotely dioproved, ”ﬁl\s o the varis-
bility of the response in diflerant anims. &L the end of the dust exposure of
0 mooths two pdgy were-recd oz + and one o3 2+, Jizong the 1) recoved from dust
the findings warw variadlet in 2 the roaction wea T3 in b 4t wes 45 4n 3 it wae
3+5 tn 3 it was Leg and in ons animl it was S+, It {3 quits possibls that those
with the most maried changes had 3lready developed more reaction thes ths resa’ne
der ty the tine epaswzre ceasad. Since the mors ssvers rvaciicns ocouwrred spora—
dically 2nd bore r.o ralationship te¢ the langth of tins siter Cessation aof axpo-
sure the éiffarmces ware stiributed ¢o veriaticn la individual sesceptindlity.
This visw received suppert {rvm the chenlcal analywes (Table 7), wnich of%en Te-
vaaled comparable sooumts of ash and 2iliza in lungs vith widely differant mouxts
af tiesue ct;xnge. Por exampls, the zsn xd silics valuss ware quite similar for
thres animela in dust 20 monthe znéd thoo in normel air 13<3/k months, yet the tis-

sye reaction for ona amizal wig Uey for encther, #; aod for the third, only &.

3. Asbastaoais Eadiés. Ths forusiion of asvestosia Sodias w8a at first ex-

tresaly limited. After § moaths' srposwre caly &
very rers short Sody could be found, ustally inside of cslls. lirowxd the finest
int:e.csllnl&; prrticles thare wmers yellor depoeits having the sacswe color gz ths
ssbaniosin ’:'od;r. Bxpozore of one yser hyd permitied en yecummlation of mergy longer
fibars sbout which the 2sbestoais-body couting developsd. Mozt of thess vare
still short enomgh to be partislly ar entirely within pnagocytic cells. Dy the
20th vomth and tharsallar, tbay-m Wtinlr ousross altbough sWA rare
in comparizon with the findings in ¢he King's floata etpxriment.

~lT=
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35. Fhite Rats.- Sevemty~thres whity rata Tore axposed to atzospharic short-
fiber asbestos dust for periods up to 32 sonths, Sacri-
fleings duwd~= the first 10 onths wero =3de tdoontsly and Zor the remindar of
' iue axperirens &5 less frequent intervxls.

36, Rate ard Tymd of Raactico., The dust cells umtil 8 months wers widely

scatlered and axixted in fecl only sporzdi-
cally. Resctiom wes lizdted to occcasional elight thickanings of the septa about
ermll accuomlations of dust colls, Is & fow rate st 1C wonths, thars was a sug-
festion of ewrdy Zibrosis bub tha change wes so glight that it would probably be
crarlscked without ths clmn of dust calls to sttract attantion to the zres.
Only 10 anizals wers axposed {ros 12 to 32 monthe., In each of them the lunge
showed minuta patches of well~daf{ined fibrosis distributad Like shat of ssbestosis
but without asbestosis bodiss. The lesions, visible only at & cagnification of
150 dlaneters or zore, conslsted of patchea slong alveoclar ducts in which the walls
of the air sé&:ac wars very tidck, due to swollan collagen framewori. Cowwactive
tiasus and FooE-BieL-:ch‘msid 2ilver reperations roveeled corplate ’;osa of capil-
Lary bed locglly. Outeids ths oollagen wag & Chin layer of spithelisd cslls,
This did not resembly the fademcsmtoid” chargs characterirtic af guisas g as~
bestosis, 1o pleuwrizy wea present. Hoar the lasions the &ir spaces wers {illad
with phagocytes contsining greay to yallow particulats dust smd.& rars long naked
asbastos Jiber. Careful searc!: fallsd to raveal even 2 cuggsstion of azn asbesto-
sis body. The trachectromchie) noxdss snowed compact focal collsctions of mono-
cytic calls at 12 momthe and, at 20 monthe, some diffuse thickeaing of tna
reticdlm, In x fow rate thers sas dafinite fibkrosis glang ﬁhe pargls of the
node and cxtcrding‘i.nto the podiastingl areslar tissus, Comparsd with the responss
to active dusts lile quarts end chert the resction 3 shexrt~{iber asbestos wus
oegligibla.




Resulls of chexical analyses made onm the white rats are given in Takle 28 znd
the avergge valucs have been tabulated in Table 7 for commarisen with simlar
values for rats inhaling othar dusts. The concenwration of atmoapheric particles
to ¥alch the snizals were exposed was approximately the same for esbestos and
quarty; for the gyreuer-quartz zixture, it was sbout twice as high and for chart
five times 22 high., It will be noted that the percentizes for asbestos are lowrer
than those forr Quartx or chart but are similar to those for the gyTsum-quartis
mixture, in which atxospharie agglutination tanded %o reduce the amount of dust
inhelad. It =ight be inferred that the total.quantity of asbestos dust inhaled
was lov or that it had been #liminated from or dissolved within the lungs.. In

the present state of cur knowledgs eveliustion of these hypotheses i3 not poasidle,

31, Cats. Twonty cats wars used in.this inhnlation experiment with the
short~{i{ver zsbestss. Eightean were kept in tha dust oz =il
doath, the expesus® pariod ranging froo oms month to nsarly L.l/2 years, and two,
after a dust exposure af 31-1/2 months, wers rewmoved 0 nar=l air. .C‘ne of thess

was sacrificed § sonthz, aod the other 2L zonths, latar.

3., Rate aid Type of Reaction. The reaction ¥as essentlally thzt to 23 inart

dust, even sftar =ore than L years of expo~
sure. The tissus rweponze in this spscies wsg conflned &3 alcroscopic foci of
fitrasis {5 the walls of grouws of au‘:lzph\.ml aiveoli, rether than in the pari-
bronchiclar aress. In one amimal the chanpge was axtensive encugh b0 Se visusiired

on gress inrpection of the section.

¥. Ifay Chunges. Caly in the snizal with the lorgeat exposwrs did the

Lrzy revesl definitely abnormal shadows., Aftar 29-3/k
ooatha the plcture was regative) alter LS oonths a faint mottling could te delected

throughout heth lungs. 4t autopsy, § months lster, there was only coicroscopic




Chrosis Lo the subpleural zone plus heavy lymphecytic infiltration about szal)

tronchicles,

k0. isbestosis Bediss. On prolonged search a few yellow atypiesl ast- RP IR

dodiss, smooth and without Ysustratiomw, wers fourd

in two apinals expesed for mare Shen a year.

ll. Rabbits. Right rebbits wers expoeed to dust for pariods extexding frow
one to mora than five ysars., The lact aniwal was reroved

frax the dust room and laft iz norral 2ir 6 wonths before deing eacrificsd,

b2. Rata end Type of Raaction. Thera was never enough fihrasis s bte de-

tected goroasly and thars wns no chromic
sdheedyn claurisy, Microscopis avidencs of alveclar wall thickening was {irse
daticted after ahout 1 rears of crposirs and was seen in all five zni=als exsmines
therszftur, In ans animal that died of prralysis aller nearly four ymars of ax-
posurs ths r—eaction was extensive enough to ba vizibla on gross inspaciion of
tissus ascticna. The passidility of pulzanary infsction i NS animal could not-
ba mxcloded. Fowgver, in snother aninmsl dying tm ;uzrs later tas focal fibeosis
w3 not naerly as abtrvicus or z8 advranced, Aress of {ovolvement, #hlch wurs
largely vimualised hetmige o2 shagooytic resstdon within the alr spaces, terded
microscopleally to bedore anra fi.trrm;ﬁ *i.th the passege of time but there was

never much sncroschrant upon the lumen of oir rpkcer and the arenitecturs of the

lung was presecvad.

13, Asbestosis Bodisx. Aighesytns hodies ware not datected Ln rabbita that

‘died exrly in ths axperiment Lot were ssen o all

animals that had been ©posed to the duat for more then Lhros years,




L. Summary and -Interrretation,

The original purpose of the experizent was to evuluate the chemical
theory of the pathogenesis of asbestosis. It was felt that if tha tissus resce
_ tico (o asbistos were cheaical in origin an & * lersted cr ascentusted response
would result frem expoaurs to [inely-divided asbestos, zs is the case with quarts.
This experinent, in which the reaction was slower and less extonsive than with
King's {loate, i.ndicates. that the reaction orobably is mot primarily chemiesl {n
natuwrs,

Of the four spscies axposad in this exporiment only the guinsa pig ard
rat rescied with characteristic peribronchiolar fibrosiz. The cat reacted witn
atypical sub-plenral {ilrosis and i he robbit the fitrosis which occurred could

not be positively attiributed to the dust beczuizs of & stroag possibility
of pulmenary iafection.

45. Inhzlation Yxperiomant with 100 Per Ceat Ball-Uilled isbestos Duse.

In the intalatico experiment wiih short~{iber asbezice dust 2 smalil quantity
of ungrourd agoentos was mixed with ground mzterial in order to produce a suitable
dust cloud. Then evidence of & dust reaction appearsd in the guinea ji3s during
the expericent, it was nct clear whether thix wes & tisgsue respanse to ths small
numder of loog fibars in the unground asbestod or wis & deliyed affect of the mare
sburdant fine dust. Cansequantly, another inhalation exporicent was started in
vhich no uground matarial wax used.

US. Tre durting materisal was the pround short-{iber zabestos used in the
rrevious inhalation axperiment but no unground materisl was mixed with
1t. To obtaln & sufficist amount of atmosphoric dust, ths design of the dusting

epperatus wes changsd to an opean type of hopper and fresh dust v=s added daily.




Cring o the terdency of the =stertal to form small spharules which prevented

zuch of the {ibrene portion fyom Moeating out of the hopper, the diazerszal of

The dust =2 rot antirely satigfactory and after 7 months of operation, <he dusi-
ing srehina was ucenvorted (o its eriginal desien. To prevent "pllling" or <ha
[erwation of sThemilos of asbestos, steel wire brushes werw attached to Lhe (n-
sice gurface of tha hopper and to tha rotating paddle. This aTangomet gave

saticfactory veswite and wss used for the rewaining 1 wonths of the experirent.

L7. The comosition of the raw matarial {short-[iber asbestes) and of atzos-
piaric qust liberated from the ball-milled product in the dusting ma-

chine is given in Tabla 10. These values are Sased upon petrographic study and
fray difiracticn snelyais. The atmzstharic =am¢1a' vas collacted vith an elec=
trostatic yrecipitater after wirs bruasnes had been installed 4in the dusting
meshing, ‘kari‘cu: to this, ths chrywotlils content of ths air-suspended material
a3 uwndonbtedly leas thas the 1S per cent value glven io Tabla 16. In an 1’nter-
in report, it rae ctated that tha sir-borna dust contained about S par cent of
chrreolile tefors {w wirs brushes were used end up to 8 per cont alterwazds, btut
these values wers probably low. Cuantitebtive estinutas om ball-eidled ashestos
dust may ba somewhct inaccurste Dacsuse it is K Lficult to deter=ire how mich
of ¢ dust sanple it filmous chrysotile &d how much Ls noo~f{ibrous serpentimne.

8. The dust conocentrition for the first 7 amcnths of the oxparirent was

about 1XQ «lllion particles per cublc foot of air. Aller the wire
Yrushes hisd besn ipstalled, tha dost comtte were & 1iltlas highar and tha overall
avarage for tha Mist year wes 104 million. The grerage of counts for tha second

year was 163 million and for the third year 145 millica.



9. The riza-{requency of the co of atzospheric dust collectes

inzidg ths animal cogey will Uw electrocialic apparatus is reported
in Teble 1. Two paxmles were talian, one befors the wvire oriches mre ingtallad
ang one aftar. IL will ba woted that ifter the wirs hrvehes were in vsg 3

greatar proportisn of vary fine particles and al.':c af lotges filers was ivelerased

ints the air.,

12 ~illad Asbestos Dust.

<Q. 2oaction ia tnimals to Inhalad 100 FPar Coat a
Guinea pigs, rails #nd mics vore uged in the Snhalation experiment with
The reaults ars surcmrized in

the 1CO per cont bell~milled s5bg2tes duee,
Tabls 1Z.

cl. Cuipad Pigy, Tae erxperimont vas started with 100 guinea pizs. 43 the
wist arposure proceeded; thare wers 32 accidentsl deaths,
23 nonths of dusting the 1£ s

y
t-&-&;n:{

3¢ of prewonia in an cpidemle. after

guitiea pde3 wers tranaferred 0 nmorsal ads.
oy the firal yaiy of oxposwra jrectically

A r:.&te a:‘ﬁ 'rﬁ,a Of EfL‘.aCﬁiOTl-
whe (re-

tew

e only meaction (o the dust vwoo
sence of gcattered phagocytes and aa cceasional pirmts ssbestosis bedy. At 19

and 20 conths no gross reoponse wag vicible on the tlssmea 3ection but riercacopizallr
paribronchiolar foct of inflamratary 2s)ls couls he sesn. At 2L months thers was

25111 ro change Jarge aoough LS be seen with 3 hand lenz 22ihongh —lersscopic
axamination revesled nglluler zccumilations sboub tormical Lronchielos and wany
Bora asbestosie bodiss, chlefly within ecalis,

Chemdeal apalyses of the luags (Table 13) revesl that in spits of the
limited tizsue redctian csnzidaravlsa duat haxd besn retzined in the lung.



53. FProgreseion:. Tue lumgs of animals exposed for the full dusti{ne o
{ny peried

{28 ronths) and them Living in nemmel 2dr for 2 comthe
revealed the changes dazcribed apove and al'so vory 3iight peribronchiols: Fibrow
sis. After } conths in normel aixr tha findintg were similzr but at )2 =omske -
of § amiruls slowed Srcaely-visible chmteu*ie’ti'a perihronchdolar fibwozis with

adepczerisid change.

She Lymor Xode Involvessnt. Tha trachoobronchial nodes wore eazentially

negative until axposure had been coniinued
for rove than 2 yesr aad & baif. Animsls macrificed =zt 12 moaths snd 1S montha
revezled a {er rimuta collections of phagocytow coniaining particlss tat pree-
tleslly no fidarz larze encugh t@ be rocogaized o= such. After 20 months of
expoTwre rasy ronocytes filled with geuojr grimuiss wera Tresent. it 30 montaa
thare hagd becm a2 sidght increase &m reticoiom dud no Ztrosis. bo Juriher changes
occurTed iz the nodes. -Asbestogis todies were not seem in the nodes of argy =€

the guinea rigw.

95 Agbestoris Bodins. llimmte mshestasis bodiss tovs obsamvad &3 early aa

3 mnmths after mposure began, ok hey 4id not Dew
‘o mmarens Zatdl 15 momtbs red elapsed. Tha Sodies wers ohort ind practically
all were intrgcallular, elibough 4t 20 sonths sore were long snough Lo projech
berond the call Lorders.
IV i» importacs to note that o the later montis of exzosure therc vze 2 dis-
tioct increase in tre tmmbar of lomg ibere fp to T2 sicrons in langth)in the lunges

ard that afler crposurs osawed chersciarizilio long ssbestogds bodies were scex.

S Wnits Bats end Mice. In this exparimsnt LO rats wers axposed for pariods

up to 20 months and 2l mice for pericdz up to 12




menthy, llaither specias dovcloped ¢7a7 2 sugzosticn of agbestoels and reactian
338 limited to vhagosvtosis of ichalrd puarticles uy wllely—scattered dust calls
vhich remained free in air 3apaces of wvers Lransporicd tg the tracheshroneidal
l7weh nodes. Mo asbestosis Lodies worz found im i s rats.but in the mice there
were & vory Lew small ron-haustrated forem within pucgoeytes.

In 21 mousa lungs sactioned thern ware 3 inatancas of pul=onsry sdencma (14%),

5. Summary and Interp-station.

Tus tipgue reacticns observed in this erperimant were ach less extensiscs
ard alower in develspsant than 4in the provicus imvestigation with short-Ciber
asbeatos. Since prescrmably thera vore fevar fibers longer than 3 microny 4in the
materisl used in this experiment, the results tend %o coafirm the imterpretation
wads in Seetion Lh of tha showt~{iber orperizent that the rescticn probably i not
rrimrily chesdcal in natwce. '

The [finding of long asbestosis dedies in ardmals invaling the ball-mlled
catarial is an exampls of tha difficully of complatoly elizdinating leny fibers frex
&n asbextas nraparaticn.

In regard to progression of reaction aftar remevsl (ron cust, which was cb-
served in thie experivent bt oot in ths othars, the followming intarpretation is
offered: Then the reaction is wwll-developed at the termination of exposurs,tis
contraction of the fitrous tissus would obvcure any possible progreesion. In this
expericant, Lowever, sinoca oscly the carilest xtage of reacticn vas prasent at the
time cf removal froz dusl, ito subsecuent progress waa apparent. It should te
noted that the degres of rrogression wmas so slight that it can have lttla, L2

oy, wacticsl sigmificance,
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J. Irhalaticn Deporizant with loag-Ciber isbestos Dust.

Aftar anizels iphaling short={ilber asbestcs dust lor more than ¢ 7ear rad
failad to dovelop sign® Tlaart reastlon, tho hypothasis that asbestosis is pro-
duced bty the pmechardca. irritation of long fiterr was given sdded gupport.

Sloes tha King's {10a%3 asbestics used in ihz fivst inhelztion experizent jisd
& rather low ceabznt of Mbrous chrysctila and coentidned considarabls serperting

angd other impurdiins, it was deaided o souduck 2 naw izhalzbion erperimoot with

a purer form of chrysotile which would be richer in lecg fibers.

£2. The dustine seferial sazlored in thiz irnvvetigation w2 obtaiced Lrom

the Yanville plagt of the Johma-¥euviils Corparaticn. Saxmplez of se-
varal Taristies of asbaaioe dual ware flrsht subniited to tha Saranac Laboratessy
Cor ecamiratisn zud ons Kind, idantified ae lat D, xhich was low 4in cagpetite
acd chromita and hagd 2 {ibroue content eatimsted o he about 75 i:ar cect, was
selacted! sx moat sultehle. Steel wirs Wmushes were fastzoed Yo the innida suzT-
face of ths hc'_pper ard to the rotatdng paddla ia order %o open up tho bundles

af asbeatos: and llterats zore f{ibars imis the atwmosphera.

. The comresition of ths long~filter esbestor nsad in this exparizent o

{sdicated U7 thu chadeal srd petrographde atilysse given in Tacla L,

Tt mrpeare that thiz matacial 323 2 mich power fovm of asbostcs than Yhe sherie
{ibar dust used in ather mperizeats. “hls 45 bvens out, Ly cooparing thes approx-

imats analyees of the loag=Citsr sod snort-Tibar fdust in Tahle 13,

£1. Tre dust concantraticn a8 rwecrled kv inpinger semplae takism lnside ths

aninal tages ws mich lower Lhan the conesntration for the axparisants
with short-fiher or halledlled dnst, For the first ysor of Whe exparicant witu

long~fiber asbastns the evsrege of the Light {121d commte wez 32 =illdong for




the maramd 7ear, 18 od1ilon; for tha Shird reer, 39 2illion; 222 for ths fouriy
7ear, U3 =illiem. Examinaticn of tha iopinger sexrplas with dark Cald 1ilysina
stion dlaclosed inat may fine particlas lass Yhan coe ttoon Ln sise 2ccempaniad
the larger rartlclas &«nd dark flald coumts wers; on ths averagd, about S op &

tixs larger than ths light £iels counts.

62, The sizo-t':-eﬂmmcrr of atmoxpharic samplas of ths long~Zlber asbestoe
dugt and of the ball~milled dust isz shown in Tadbls 16. Both sarsles
wors callsated with tas slactrostatin pracipdtator, It will ©# noted that thars

wox far more (ibrous metsrial {0 the lorg-fiber dust.

€3, Reaction in inlrels to Inheled long-Fibsr isbestos Dust. Guires pigs,

czte, rats and mice wars arployed in the inhslstion exporizent with
long—-£ihar gabening. Results of the ar;nﬁmm, ranrzrized dn Tabls 17, ars3

described (o grestar detail balow,

&i, Cuines Plrs. Tha sxperiment wre startad with 100 guines pigs. Afver
epogurs had been caoried on o 2 soar, 2 sorers zpidesic

of pnsumonia atoas {n Lhe duzdh romm el aboul one-bitsd ol the animels died o

<D

To replacs them; 35 mowe gninea pigs wers added 1o s swriving

(5. Rate end Tyre of Reactim, 'Hi.stoloc;ical gram.nstion revedisd ovieely
7izibls lssiczns in the lungs after § conths
af sxpowure L2 dost, coralrting of eallvler infiltestion about ths termingl
bracchialas, 4t 17 zonths, thaprs wers sdemometold chenmges 3o the eir speces o
by tha 1&6%h month 2 defindte [ihrosds #»s pregent in theas sreas in half ths

satmmix, The fitromz lesion comld be seem macroscopicelly st 20 comths. Prow

thizr time an tha resction {rcvesssd in sxtont spd fn the szount of collagen @l
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by che Auth =omth, 1t hsd fanned oui ioto the pareacrty=:. The lesicns wers
rather sharply iocalized onc the extcasicns (o dillerent tronchioles shawed

ng tendency to luve, even in znlmals exposed for ihe svelzum periceé (3 vears).
Although the intrz-puliwnsyy reaction jomatizas reacned the plewra, there wos ro
invelvenant ol that cobrans. lo gmphysena was 'fi:'if.bi‘.e at any point. CZoze
thickaninog of tho larsar oronchi with & chrondc {nflomatory infiléirstion wae row
vaaled, but it piébably mas no tore than wonmld be procduced by 4 similar sxposure
to any dﬁét, For tha (irst 5 months the phzgocrtes consisted of ronocytes or
very small giant cells; luler, giant cell farmation was mors preminent. After
15 zonths tha giant cells wsre laorge, 11lad with yellewish-tromm pigment and
sometines vacuolaled. &a eccasional animal shoved an wixictizs of polymorpho-
nucloar lewnocyies and; in guinea pigs expoded {cr 2 comsiioratla pariod,

eosinophiles. Tho rzaction was at fi=st entirely ceilulsr “ut by 15 momhs fi-

brous tissue formation was dolinite, Eomerer, it never atis nod a staze of

Wralinization seggestive of sillcosis.

& mcera}.e nedviiuzl variation ocouwrred zmong vhe exTosed o f=als, Loth in
the rate of dé?eln;i.a;.lsaio:m ard in the stage of doveiomment attared a2t he
end ¢f exposurs,

inalyses of tha lonys (Tabie 18) discloszed tnat although the tissuc response
was ouch grsater in thass quines pigr ihen in thote expoead to eithar shoiv-fiber

or tall-milled asbastos, the xmoumt of mépersl msbtitor in the lumg ash was Lcc.

85, Progrsesion. In guinea plgs expoeed to 4ha dnst for 20 montoz and Wian

reored to normxl alr, thare =es a Sarked tendency for
cellylar {nflxwmatory reection to clear, Thig affect, accompanied by contraction

of the fibrous tisrue, rszulted in a dimdnishing size of the focal lesions. Hone




of thase sdrmls, Xillad at varisus peciods up teo 1L vortas after axposure,

revealad logisns aq l2rg®m 8% thoga i tho Sroup caciTicrd 3¢ 852 xnd of 1y

0

20-month mxposura pamod or Lheas La enisals Thich s~ensliad in Lhe dust room
fer core than 20 montho, Fouriesn minkths after fust e - -urs coased, the fued
In four of the £ix remnining suinca pind wose so small thah ther wars visidble
only with a h&ndflcﬂ:.'

Raacticy in the growm b)mosad Ine 37 Asntha and Lhen transferred Lo 2 noracd
stmssrhers wus quite similar to ths response jn the 20-month oposice asinmals
rentionod above. FPownver, mmall faci wmre always visible on Zross incpaction of
sections of all Suinsa pigs of tha 27-menth geriass ond in 1o instance was thers

aricence of axtension of the reaacticn.

67, Lywzh Node Irrolrvensnt. Razction ia ths trachsobronchisl ly=p rodes
| vas 'irs% viaiblse e.t., the third zonth of =~

romies, At the O%h mamth patcnas of callnlar canmaciiva tismie Segzn Lo appear
in the mecdalle and by tha 1Lith menth most ¢f the ands Rad besn replaced by
cellular eomvective tizsus, This pieture, ohich resezhled that in early allicceis,
porsistad 9o the end of the cxperiami. Some animals, 8 2 varient,; snowad heave
- shegtz of diLfuae zotncyies aod lirge ontive glant calle Wik thers wag nerer any
racrarzis or hyaline forFatiom, Tha spimdla—shapad "u-w enlls wers y2liovish in
2lar frop flna oigpent m#;im that steinad foo fron. Ho flhavs ar aibsestozis

hodins ware seqtl,

€5. Asbeetosiz Dediws, Lllhough asbeatoais Dndies mare sesm e 2erly 25 saa

=xth aftar sxposure began, thay ware rars and had
ta fiod, 4t G momthe rove wwre Tiaible, chiafly rniled inside glant cells; ard at
§ months many hodies were Traa 40 comactive Lissus. Thoy becems {airly ammdant
28 exnarTA Trogrssset 2lthough I8 somm lstar animala tho sabestosis budies wora

caly moderately nmmmrous,
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§9, Cats. [owr cats innzied the is:v«f*l“w'r asbastics dust for perieds of
1, 25, 33 and 12 menths, :efmactirny, and were i=madistely
axcrificed. Two other cats, aftor being exrrosed to dumt for 18 oxmths, Yired ‘=

s normal atmoswpnere for an .iditional 24 months.

70, [ate and Tyme of Heaction. Oxposurs for U souths was sufflcienms g

froduce cellular accummlations of phagocrtes
sround terminsl Urenchiolas and periphersl ariaricles togethar with coopect ool-
lections of similar cslls in the trachaobronchicl lymph nodes. AL that time there
ware no typical asbestoeis bodies, but emoeth pointed peliow fibers wers seen Ters
ravely, Fith contimued exposure, up to L2 months, reection in ths locations noted
urogressed to the formation of celiviar comfectirze tissus which mede wsil-defined
sheaths about tha rezsiraiory bmr.c‘(dolaa‘md aterioles, merked lymphelis hyper-
plasiz ard Lrvphoid dnflitratien of orovchiolar velis. The tronchiolsr epith-
slitm was low and {lattened, giving the tubes & smooth contows. Typlcal astesto-
ai.- bodies ware not {orizd although thers mes an cccasional yallow, smooth,
painted flber. Bs plowrisy wws presant, The rascticr =ees zimilar 4n lscaticn ts

that in ths cuinas pigs, but {idrowis wme much zlorar in development and had not

Tsachnd the u.m degres of zatuwrily,

(Lo A=~ay Luncer. Roamtgerwdgramn of Yaren cals rere made aflar sxposmee

periods of 2%, 13 and 42 penthe, g tisens chenges wers

nat denes ancugh 1o be ssen om & I-exy Cln.

72, Rats, Although 20 rats sarg placad in the dust rocs, nany died {rox pneu-
moriia and were not sultabls for study. Five animels, ol which o3
was extosad for 19 somthes and four for 75 sonths, were frag from pulsonary infece

tion ard affer A basis for conclusions,




73. Rate and Tynae of Ssaction., ill four anizals gacrificed at 2€ months

.
P

showed a well-marked peribronchiolar fibrosis.
In the l9-wonth animel, reection was just beyinndng. Asbestcesis bodies were
practically absent at both 15 and 25 momths although txo szall amooth bodies wern
found in the 19-gomth anisal after = long scerch. Thua, thess animals sxhibited
fidbrosis without ssbestosis bodies.

The Mlce. Out of 20 whits mice used in this experiment, 11 lived s yssr e
nare in dust and died or wers Killad without showing an &.ppre-
ciabls degree of pulmorary iafsction.

75« Rate and Tvpe of Reaction. Heaction wes limited to phagocytosis by

mononuclaar colle. Usuzlly these were wide—
ly scattered through the &ir spaces; z limited ruobsr were grouped about the ter-
minsl bronchioles preducing zome thickenming of their walls. Thers was na sug—
gestion of Iibrosis, The ziriking fsaturw of the experizant was that 9 sut of the
11 mice (82 per ceni) axpoesd to dust for z ywar or =uTs showed pulmoniry tumors,
osuxlly a,dana;tau: in typs. Thees lssienw did no% contain dust or asbestosis
bodies,

Numerous asbestoals bodiass wvors obsarved in ani=zls ¥dllad late in the experi-

ment., Thus, thess mnimale exhidited asbestosis bodiss withcut fibroais.

74, Swary and Interuretation.

The popese of this experizant was o evxluats the importance of long
fibers in the ti.as;u response to inhaled sabestos., The resulls indicate sirongly
that long fibers are chiafly responsibls for the reaction. Thus, in guinss pigs
reaction developed eerlier and bacams more axtensive than in previous experiments
in spite of & evaller comcentration of stmospheric dust and a lower mineral con-

tent in the lungs, Furthermore, s typical peritronchiclar fikrnatle wae ~—oo-d



in cals although in & meviovz axverizent with shori-fider dust it did mee
dovelop in this speciss. o
The cause of ths callrlir fibrosis ig Lhe lywpn nodes of the guinea pice

iz not clear., It did not cccur in othar indizlation uxparioents with astestos.

IXNIT. IKJECTION EXPERDENTS

In crder o determing o vhat axtert ths warious fbrous minerzls possess
the capiclity %0 producs tissue dsemxge, toercug injection experimants were por—
formed. 1o thess experissnts guinca pigs and rabbits were used and the minaral
dust was injectsd by the intratrazhadl, intrapearitonssl and intravenicus tech-
niques. Yor the purpose of simplificaticn the findings in each sariss of tests
have bean condensed and Feported in tobiss, (o #hich referenca will Ye' zale

later,

78. Experimants Usinz Iatratrachsal Tachaicus.

Sinca the esbestos wrarals do not csuae & byplosd advanced fibresia in
axtra~puloonary Lissue; tha iztrstrechexl techrigus is tha perflerved wey of in-
troducing fibrous dust into the experizesnzsl znieai. I thle zethod the dust
suspension L injected by neans of & specisl peeaile or cathetar deep into the

trachea, (rom which L% flows into tha lurzs,

73, Coemxrizon of Tibreus srd Borefthrous Tusls. To desonstrats thal ths

ability cf sstestes o
producs (ibrosis ragides {n ity fhrous charscter, ths seriss of {njection expeari-
panta reported in Table 17 wars periorsed. The tesls werw made with unheatod

long-~fiber chrysotila ard with chrysotile that had baen ignited 2 destroy 1t
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flexibls siructurae or dall-milled %o reducc <h2 Jormt of [lber Lo 3 micrens and

less. At the same time sorirol Wosha Poere - vln . wreiatine widich hts the

seme chemdcal composition eg chmywmonile vy Lo men="Uoloil L reviar af ths
[indings roveals that anly the wheated lonz=Cflier ¢nrr .o produced Cikrasis.

Fibaraz subjactad to Louizicn or aroriened ter Pall~mwildisy tud lest srair capacity
%0 cause serious tissue darzace. Igniiisa oriduced mosrtanit, chsnces iz the Shry«
sotile fibers, among them teirng los: 5L water. on zlieraniou frea a flerxible to

a brittls structure ard ooesibly sther changes.

30, Commarison of Tarious Lox\s:-i‘ibei- Dusts, Sous very imteresting firdings

‘ are discloged by 4he rasults of
the experipents included i: Tabla 2C. Fissh, zi) The logz-+'iter ashustos mnerale
tested, with the excopticn of anthopryilite, pradveed a typical fbrosis. It is
not entirsiy cleer why sntlrophyliite beavad differoantly Jrom thoe othsr asbestos
tdnerale. Unfortunmately, £ of & anirsmls died of rnowmomiz within the first two
weeis of thoe experiment e, the swradning enfials wore sacrificed at 1, 3 a=d 12
Donthsy thus vtserrations vers now nade at the orsima pesiods cf 2 znd U zontha.

Second, with the mineral brucite, which 1s oot a silicats tut in 2 fibrous
fora of macnaeivs hydrexidn, & charactarisbtic fibroais like that of the asbestoe
minaryls was cbtained. Zince ths brusite used cogfalned oniy C.90 pex coct silica
{as en szur.itr), it {s shricus thet 2 sidiceons cponatt i2 not an assential
factor in the development uf acbaatosic,

Third, no fibrosie rsaultad I{row Lhe injection ol gizcs wool Ilbaers, even
though glazs wool reseshlss zsbastos in anoe rayy. Thers ars Suxdonental d.u‘rer-.
ences, hownver. L glase wool fibar 3 microns in diaueter ls 2 oolld r«d and, in
short lengths, is fairly rigid, wnile an astestos fibar of tha saxe damstar i3 a
bundle ¢f cxtremely [ina :‘hmnm ¥aich impart to tho fider a high degrss of {lox~

1bility. It would geom that this snructure and the assoclated flaxdibilite ara




Lportant facters governing the capecity of a mineral to produce pesibronchlslar

fibrosis,

8r. Commerisen of lor~-Titer and Short—¥Fiber Dusts, With quarts dust ¢ has
. ' bean demonstratad that

the smaller the particios, tho more intense is the tissus resstion, and that therw
{s 1ittle reaction te particles lerrer than 3 :::ic.mm in dismeter. In tra case
of asbestcs, bowever, the reverse is trus and apparently only long ribex:a have
aqy specific affect. This 43 confirmod by the data of Tabls 21, $n which a series
of tests with fibrous minerals is reparted. Fhen the injected dust coniisted of
fibers 20 to S0 microns long, ell the minerals tested (ercept anthophyllite, as
noted in Section 8Q) produced & fibrozis; whan the matarizl wes prepared by first
grinding _thc-ri‘.:rm dust uatil the length of fiders was redaced to 20 xdceram ard
l1ses (cr, in zome coses, 3 miceus and less), none of the injected rinaral dusts
caused fibrosis. |

82. Ixperizents Usins Intravencus Technicue.

The experizants, described in Tabls 22, in which tha (riravencus method of
‘lojection wax acployed, ahow that the zsbestod xinarels ers far dlffarest from
quarts in thair acticn on tissus. It has been repeatadly demonstrated thet intra-
vemous {njecticn of quarts perticlas 3 merons snd lass in dlameter will ciuse &
trpdcal tm reection =ih the develstmant of fibresia in extrapulsonary sites,
such a3 the Liver end splesn. 4Acbestos minarais, bowerer, on intravencus injectiosn
genarally mroducs only an foart trpe of reaction; as ie revaalad by the results
given {n tha tabla. Ths resssc f{or the early deaths in the sxperinent with chrrsc-
tile particlas is not ¢lesar; 1% may have been caused by eilicic acid libersted by
the finely-cround minersl.
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3o PReearizente Usins Intraperitonsel Technigua,

The results of injecticn experiments w¥ith the intraperitonesl techmiqus ars
givan 1n Table 23. It will be moted that the long~{iber dusts produced = {{brous
reaction wdla dusts coépo‘ed of particles 3 sicrons and lsgs (n size crused only
an ipert trpo of responize. Thase experizents indicate slsa that the fibrcsis
initiated Ly ths {rritaticn sf ssbestos fiters 1s net restricted to the lucgs,
as wo3 formerly assumed, hut can be produced in the peritonsun as well.

WXIZ3¥. OTHER EXPERIMENTS AITH ASETSTOS WGINERLLS

4 oumber af additiosngl sxperimentz rars comductad to tinoy mors light ou

spacific phases of the zsbestoslis problam,

b Foad

U5« Protactive Action of Alnmirms Commonnds.

Intratrachaal injecticn of 2 suwxpwmsion of long-fller chrysoidile to which
collofdal alumim= dydracids had boen added revealsd that the addition of the
eluminum comprmd 444 not prevent the tissce Lrritation produced by clrysollle.
I anything, tha scute Soflammetsory vesponss Lo iha fnjected fibrous mineral
was acomiecated. Ong zooth after e last injesison of tas drat ruepencion the
brenchiolitis vas becamdng fitrom.

B, Formation of Lxdestoxis Bodies,

The iren in the ¢ceting of ihe asdestosis body smpsres %o bg darived [rox
blood or tismms elaments and not, az has bosn suggested, frum tha winevel Sber,
Tollowing rzbmtmm tefertisn of tﬁ ¥irds of chrysotdla inte the grodn of
guinas pigs ~ onw Yind comiaiaing 2 per cent and the othar 0.2 par cant Fagla-
the ssbacrtonis bodies waro ermally mumerous at both gites of injectics.




Fennd

in attamt to produca asbaftosiy bodies in g;‘.:.e/&’/pig: by Lrmlantetian of
/
three eilk bags comteining £i5r0us chrvsotils wea yisuccasatul. Coe bag planted
P Pt * -

subcutansously in ths sbdominal wall disappesred; the other twe bags, placed in
the peritoneal cavity, preducac';» Little larsign body reaction but pe asbestosis
bodlss {n a year.

Intratracheal injecticn in%c guinas pigs of asbegtosis bodies recovered fre=

lung tissus falled to procduce the typical tissus reaction to asbestos

fibsrs. Tho injected matarial wra chiainad by digesting with sodiun bypochlorite |

sclution lung tissus removed ab autopey frea an asbestos worker., The asbestosis

~
bodies could be seen in the guinsa pigs for et loast 2 yuar aftar {njection. _
This experizmert shews that the astestasis bady bes & rather resistant comting
which iz not desiroyed by coderate hypochlorite tresiment and may be mzintained

in vivo ter g Yesr ¢r longerT.

LG IZ, THEDRY OF LZRITANT ACTION OF ASBESTCS WINERALS
~

Two hypothesas hevn beern rroposed 4o epladn the tiseuma irritaticn and reas-
tico cecsed by aabesion fibors: the chesical ard 58 mechxnical, In the chemissd

e SR A

theory, wich iz based upen exparienv:e with guarts, it ix fsmwwd that ths as-

hasics miparsls digsolve in tha body fluide and ther in thds procese thair basas

sra lsached xemy t¢ loave silics in a form cspable of fridilating tissues, Accord-

ing to thie hymothaaiz, sshestosis wonld be marely sn fcdérect alllcoslii. Sevaras
- F P 3= =25

facte malm the chamiosn) thesry mbapehlss (1) intratrachesl infectiom of tru-
cite fibery, which hid 3 elldce contant of only 0.9 por csnt, causyd & typdcel
——

fibresis like that produced by the arbestor minersls; (2) frae—eilica particlas
increase in potency as the particle sizs becozss leer, byt asbestos [ibers

sharter thsn about 10 to 20 micronme 2rs relebtirsly innocnousi (3) elneinue



L

¢ hyeroxmde revtralizes tha irvitaiing cffect of quaret bul not of ashestcs;

43 serpenting has the sane Cherdczl zompasitisn es long~Iiber chrwrsotils dut

.. . . . - ‘
iv doer unt rreduce the saTe (Zoxd o0 Lircuz reasticn: o

T
-

J thare is 2 wide rampa
. bhe chomical coxpogiticn of the minsrals enden do cause asbestosis {see
Tablie 2h), In view of thiz coeidence {t seems more 1ikoly that asbestosis is
4

caussd by en wnusual machanical irritetion fram long ssbestas {lbers. Frehatly

this irritation is relatod to the paculiar

{ilamontod structure of lhe fivar and (48
L
ot

o

Lexibllity, which are poesesssd by no othas foreign bedy. Fer

PP

the sr3ncliated
"

azanple, iz ution of chuysotile {ibers changed their structure and made thes
A .

inert whils the sams fioersz, befars being hasted, would proxiuce fitrosis {see

Tabls 19). Further support for the theory of rechanical frritation is that

asbestosis occurs in an organ of high nooility - the Limg - and that 2 Abrous

reacilion can be produced by lnjection of zabmstes fibars into the peritonsuw,

-~

There thare is also 2 degres of mobility, bud not in' othar extrapulsonary organs.

LGV I, ST LICATIONS

The experinantal imreatization with zadestos sxinerals wia concermad pmmarily
with the affzct of the dust a3 o=l tlssue Wut soma atbention wes ziven to

othar phases, such ap guscentibllity to Izfection ard ccocwrrence of melignancy.

89. Infection,

The only experirent in which the s{loct of inhalad aspagios dust on a ful-
monary infectisn waz studied wes the [irst inhelaticn experimont, carried ot wildh
"Ming'e (loats® dusts I% {3, parhipe, unfortunats thal infection siwiiss were

not made in the othar ixhalation experimants also.
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90. Suscertivility to Tubarculous infeciion. the developmaci of 3 tuser-

culsus process nlticted at
the veginning ¢f axposura to asbszios dusit, srd &l3m of an infeetion superizposed
upen an estebiished asbeatosis, was demcribed in’Sc-.ctior.; 17 and 20 of thin ro-
port. It will L2 notad thot asbestos, rhsn classilied sccording to the offect
of a4 dust on tubarsulous infection, world Ye rTlaced btelow an active duzt iim
quarts but abov: inert cuats, such as caleite ind grpzum. In andzals dnfected
with atlermuated tubercls bacilli, quarts vill cauge “he infectiats p.ocoss to
progressz uwntil the anizal dles of tuberculosiz. Inert dusts will have no effect
on tha infectlon and the lssions will usually neal and the disease disappear.
dohastos dust {s in & diflesent catogory., Then tho {ibrous dust was being in-
baled during tius svolution cf the infection, there was 2 spreading of ths tuber-
culous procass for & timo et uwsually t..r: atimuliug {or comiinved prsiifcration of
the tubercls bacilli wes nst susteined, the progrossica +as arvested and tealing
followad., In gaines plas infected with attemucted tubsrcls bacilli following the
complation oI nearly threa years of ewpocurs (o asbastor dusi, progressive diseasa
did aut develop. T’mls oy nodification of the infecticn vax cme of lacalizatioen,
a few bacdlll being retained in ths {ibreous terminazl trouckicles aod for=ing
tuborcles there 1o 3dditicn 4o the wrual focl benestt ths pleura. Such tubercles
healad {in 3 few domths and thare was wothing Lo suggest axy lallngnce en the

courss of the dasaze,

91, Suscaptibility ta ¥on-Tubarculous Infeciion., Thsrs oy no pointed gx-

perizsnt conceraing (he
affert of irhaled asbestos dust on non-tuberculovs infoctiion. Iatercwrrent pnon~
roni2 among anlxls expoded to asbastoa dugt wes rather comon, the fTequency in
guinee pigs exposed in tha four L{nhalation experiments ranging from 16 to 3§ per
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cent, This incideatsl evidonse z.0707is the ©ossitiliby of an effees of astectos
¢ust on poa-tubarculeus infztien. lrvertheless, zince such evidemics are nat
uncarann in ianalaticn extarimewns wish other duste and cvern in the coleny of

pormal anisals, Lt 12 Uell it vre Zuhalatisn of achestos dust docs net exers a

signiffeant edlect o the susceptivilily o von-tuberculous pilmmnose infestion.

3

dn speclllic zxperizent vos conducted to dataries snathar the inhalation of
asbestoa fivors the Cevelorment of neoplastic disesse but cartain obsasveticns op -
this subject rmra Cecordzd in the cutline of the propesed =anw—rzph on asb;git—osi:
subitied oy the late Ul . U, Gxrdner 4n February 15L3. In 3t e c&lle& atten-
tion 0 the hisgh inclizace =L lung caucer among mice innaling 1o z~fibar asbestss,
In tis experizectal notag, hooaver, ha riferrnd 0 thess le=ionn (s adenceas,

Thare i3 an irporiant distinstion hetisesn adencum and c::::ccr thicn should b2
nada cloar. & cancer s & tweor, or neoplass, @pabls of local inazion and do-

struction of bicsue, <hich crn distribute cells through the lympbotizs or blosd
strean Lo proguce isalsied feai, from ohdeh new tuzors cergles. Thit shoncmonon
of disgerdrahicn {s izowmt i3 setastasis and oop tumor which extwibits it e a
zalignant growth, of which cancer is o3 type. An ademome, o ths o.wr hand, is
a so-callad benism or meu-cwlimamt tusr (neoplssa) which rey.or =7 not e

carebls of local fmvasica but which doas net metastasizs.

)

In ordar te slavilyr <he ol mature of these lasicny tha path logical naters
12l i3 being carefully exwmired., Sincs it is fall Jeriradle ta ha<: ithe terells
of Uector Yormeld's Judghamt, a reriew of the data on this subject (3 beirg post=
poned until aftar hic rstwm from Du-ope, HAether than dolay the enl':~e report,

furthier discugsion will Le reservod for a supolemant to La issusd 1t i,
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Both inhslaticr ead injection emeelzents provide cmple runpery

for this <onclusion. Tiswres € zr2 & :ahow tha resctlon
ta o diflarent kinds of asbest0z ninewsl. '

9. Tre rede of agtion sppears o Vo rviparily rachonicsl mavl

L. N2 hicd SaSier taan

cherdeal in nsture.

The evideice is given in scevion LUTYIT. Fégures 1, 3, 2, U and

iustrste tha Luportant coinls. The [ibrews £{lasanucd

e . ) i - 3,
- strveture of ogbesios aprpears U0 nlef 22 egsenddal part In the

rmitating action, Finee the solid Iihers o slhse ol do nev
nrucuce {{brogis (sce Fi-ure o).

-

C. Short esbastoe [ibers do rot produse fibrosis.

- W

Tae conclagion is izpllad in tha -vodenns mentiinad in perae
oreph B ooerd. Txparizeatg whiabh (urther aupnort thiz findin
are roported Ln Tadblar 21 ard 27,

Do ‘:‘mic:l 2ibrocis can be produced ©r win atoastheric cusponsion o
cuesios dust acntaining only @ extrenely mall prorertien of leng

fibars.

in the innulation experizent vith 100 p2r cend ball-oilled

asbestos iust 3 typieal, though delayed, filrosis vas
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cor3z of exverimental tuberculogic in sminsa wizs.
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iz conziuzicn is temtatire sice the evid-::.'a an vhich it

is bezed dons ant conform with cur usual experienca. 2ofurs
nte *n TePla 3 will stow that vhes infection »ic caincilere
TION omas ot ML maFuTe SAsTe TRI toorary pUayTressicn of

the dizenzn wilh subsequeat healings; when Infsciicn mas

it nd s R Y et o i £ -
aund after 25 /G st of duat enncsurs she cavrse o e

“laes

tuberculoas Clacese wid not argracizdhly alteved., In eantrest, it
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hag heen cosarrnd ia oTeriasuts wiss mizid <usis senusisise

- ———t,ab

quastz Ay LY faese 15 o alight proprasczion of tha Liuerci-

losin =hew fnfaction and ugt soposwre are aciielidant, this
sffacit i3 wore macked (Lastesd of lass, Az with zsbestos) wmen
infecticn is irdtiatzd ulter a parted of durh exfzavre.

Tals conelisiony enncerniny e aflcet of inhideu sstuv2tor

3

dust on Snderculosis seoms juatificd beesusa 0 Lht wuta FrVe-
ti7re tegd {Infection initizted alfter a nsricd of dust empeawa)
thore v2 10 eupreciavle increesy in susceptilility to thae
tuberculowt infection. livwe7er, since the findings in the

agoestog cady de ot conlord wilh previcus ecuerience; ard
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