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] 
’ EB33TnNACT 

‘arious Jorme of asbostos fltses produev a poribraichioler fibrosis of 

ho lungs of suinoa pigs, ats, cais rmd rabbits but not of mice cnd dogo, 
' 

‘he mode of action of ths usbestos fitoer is priwsrily rmch_:.\nical rather 

“hnn chemical in nature, 

iong aebastoa fibers aro oassential ir tho production of porikronchial 

Jihreaic; chort fibers ara incaradblo of nireducicg this rozction, 

Tynical axveorinenig)l asoastotic {idbrosiz was prcoduced Ly the inhalation 

of =; stevcchoric sucpension containirg on average cf 138 rillion perticlas 

noye cub‘.{‘ Toot of alr of whick culy 0.5 por cent consiated of fibers 
lenger 10 miorens ) ) 

o 

[] 

‘-, Bt durn:r::.on of exgenurs raquired to coveiop tac pulmonary reacticn ta 

-ahsled asbestes duct is inversely provartionsl tc the concentration of 

ioug fidbars in tho atmospiere, viz. ac ihe concentration ic increased, 

an reaction dovolons iz ahorter <inn, 

Usuablishew =ucerimontal acbestosicesnuss to oregress on discoutiinuisg 

*
 Mopeeurs o Yo dust, 

Tae foermation of asboestosis hedisa reprezonts a coating of the fiders by 

“lozd and tizsus elamenss which rosulis in losa of ebility of the Tiber 

3 rrodusa Mihrecin, . 
ivmiaun Aydroxids fallad 4o neutralizs the fibroziag accicn ~f the long 

ilor asieszok [Scetion 255, - 

“wizlatica’of ashositos dust did not alior siznificantly the finel cutceome 

guinca gigs expoaed, c
 ¢ ~wper:mental tuberculasis in 4o scrics of 
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' i 

2. 1ntroductton. 
. '; 

.‘sabooto?b is a form of pavurcooniosis rosultirg {rom prolonged inhela- 
l:. 1 A ' 

tim of aabelfoa dugt. The zame aghbagtos, litsrally “unburmable,” i3 not 
that of & partjpular mineral but is a term applicd to a nucher of difforent 

L] 

Qinorsls whoss ‘{haraoteriatic feature is a structuro composed of long, par- 

alizl, i'lexii:fii :»fi.bers. This structure i3 unique boocuse tha fibors ars 
capcblo of repegted longitudipal subdivision to units of molecular proportions. 

Y 
in longtih thf fibors vary fram a few microns to six or mora inchos. Some 

: ¢ 
varicties are stiffor theaa othors but many are gufficiently {loxible to be 

A 

spun intd yarn and woven on modificd textils mechinory, 

S, .Jsheatos inerals 

“h¢ Asbeatos mizerals are silicates of vorisble composition and belong to 

tho ssrmentine and the amphidole groups, Listed bolow are the moro common 

verietioa, 

tmohibonlo Grono 

Anthophylll te : (¥g, Fo) uilicate 

Anosite {1z, Fe, 41) silicats 

Azphilola (Ca, itg, Fe, Al, Ha, X) cilicats 

Tremclits (Ca, Ig) =ilizate 

letinolita (Ca, g, Fo) silicate 

Grecidelite {Za, Fe) silicate + Eo silicets : 
Sornentine %roun 

Chrysotile Iz silicato (hydrous) . 

! 

b, X 
¥, 

_ { D 
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b 
- 

The bulk of the asbestes of commerco ia chrysotilo, 220,2S103,2020, 

which is mined in the Thetford regicu of the Provinca of ‘usbac, Crocido- 

lite and amosits ure algso used comuercially tut in much smaller umeunts, 

Chrysotile occura as veins in serpentine, a mineral similar in chemical ccm- 

po;i?icn @o ohryéoti;cflgux which oxists in massive form and is made up of 
:&croa;opi;-fibars vrithout tha narallel oriontnfiicn characteristic of chryso- 
tile, Ih; masoive blue black serpentine, which is smooth and soapy to the 
touch, i3 traverczed by voins of fibroua chrysotile varying in width from a 

baroly jerceptible lins to six or more inchss. The fibers rum acrosas the 

vein and not lengthwige with the lormatica, 

Attention isz directsd to tha mi.nar;xl brucite, z:go.nao,v which is olten 
found in the same forusticas with serpentine end chrysotile and may be fibrous 

In structure, Tt has no oormorcial veluc at present becsuse ita fideres are not 

sulflciently flexible to be used in toxtiles but they sre ccpable of raveated 

-onzitudinsl subdivisicn. Unlilio other asbostiform nminerals, brucits is not a 

siiicaze snd Ior this reason it hos been a valuablc tool in an oxpezrimental 

-
 [ 

- - sziuation of lhe actica of [ibrous minzerals upon lung tissue, 

v 
SEXYERIMONTAL AS3ESTOSTS 

Lnd s . - 
<P magy years studics have boen carriad on by tho Saranuc Lzbsratory in an 

* «e el e A : i w7eriiszaticon of tha cihuse, aatuire and developiazat of asbestoriz, Ths present 

Te3dTt i3 dovotod To ixperinontal Jabesinsia, In it are deseridad the animal 

vXserimeats with varicus kinds of ashestos duat, Janother resert, to bs przpared 

w7t tzsued later, will bo concorned with Huran Ashostosis and will covar the 

tealt , i Ith aspcetz of workera ho hare been cxposed to asbes® . dust in en induntrinl 

Mircrmant, 
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~ltiicuzh astestosis in waa 13 a chronde dizeass “wich rezuises years ic 

. rreic), it ie poscitlic Lo raproducs in one or :ove gz2cies - of animal character— 

23 tissue charges vhich ave similzar to bthe lesaions of human asoestosis., OSioce 

“ho tife-sran or the experivental anizal ig relatively chort, it is not possible 

5 velep Bho charccteristiic lesionz in anix=l3 uzder the ususl industrial con- 
'y 

Ahims. Concequently, to obtain a complate ovaluztion of the tissua resvonse 

3 ithaled particulate and [ibrous material, il is necessary to accelerate the 

»2acion by erploying hizner concentrations of dust than would ordinarily be en- 

y & 

~eniirsd in indusiry. Yhile cenditiors of exposurz are thus different, iha 
\ 

nnlisavion yieclided by experizmonts vill anirals is invaluable in furnishinz a 

o
 

e
 

] 

w
? i undorstanding ol the reacticn of %he human orjzanisa to inhaled asbestos 

Y. Ilrverimanval Uethiods - 

or iavesvizating tha biolegiccl reacticn of the experizontal animal $o the 

virisng nsvestos minarals, two tyves of technique have heen employed, ramaly, the 

-
 

-t Letion okt wad uhe injzeiion azithed. In inhalastion sxperitznts, FTovps 

0L Lriralds - 1) 3o D or wore puinca pigs wnd cometimes smaller musbors of 

sllg, caubs, dozc, mobsm oor mics - are kopl Jer eiznt hours a day in = cubical 

s '3 03 it ven, 2410% fedh In ditwensicn, Ia walch a2 cloud of azcestos cusbt i3 cainSaizad. 

-
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* ed - -1 [ 3-aaad Legwed Sy 3- # r. o~ ot . PR . . veoLnSrvels Juaning thie exuoriiaenit, & fow snimals are sacrifizad and iha tissue 

Setamge oy 2 o wie Yo bty ey = rae 2 3 . 5 4 5 o~y CeTI.en Ut drharmmns Uhe aahure and onxend of the dust ezction. Sone andrals 

. - -y .oy o) 20 . a o 9§ g A S Ty oy = - - < -, > s o~ 4 - - “ w3 IEesT LT veriats Up LGS Alwrze L zars. The injectlon weperizents, in sshich 

+i2 WST, 2Wbiar Oooor * - N 
b cugverdcd in {fuid, is introdve:d indos the aniral - tho - > 

eetirencus, lnurarparilinesl oo intriirachood procedure, are used %o doterming 

TRALer op 0L 4 TATILOulAY L3y s A potennial csnacilit 4o prefuca tissuz 
. ; 

WaLion, ~ 
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» 

. 

. (Long-‘ber: inhalation oxparinments furnish in{ormation upon which zraat reli- 

3008 i3 pleceod whon ostimating the degree to which a duat might be hazerdona to 

igdugirial Jorizers, “hethor ar nol atwwsnherie dust, cven though potontialiy 

danzaorous, oan 9 inhaled, sass the uatusral defzuse barriers and reach the pul- 

=oaary issuc in quantitiss sufflcient to cauco darmge cam be detormined only by 

inhalatioca grecodures,” Injsetica osporimemts ars ueaful because in them contsct 

toltiioen the duct particles and tinsues is essured end theo potential capacity of 

tho duat to produce rsaction can be estixatod acouratsly. WVhen dealing with fi- 

trous miaaeral3 like asbestos, tho intratracaenl method i3 valusble since it per- 

=i t3 obserwing tHe offcot of the fibors oz pulmonery tiasuo, 

5. Ssecies Sugscentibility 

Tl viviilz free cllica, asbostos does not oxert its spseific eoffzct in all organs 

ol all zpocios of antmal (Table 1), Iajection of fine quarte into waricus organs 

cf tho mwnea pig, rabbit, rat, mouse, cat, dog, chicken and even tadpole will 

Jradico silicotic mecules, Hewover; cimilar injccvicas of long or short fider as- 

Yo '3
 

to3 have roe:liad ia a r'ibrous reaction in the lung and, tc a lesser extent, in 

<18 ceriioneun at ot in other organs of the guinea o), rabhit, cat and white rot, 

+48 Lug and while nouse failed to ressend, This varintioa in Specics 16 yet to be 

cscenmted for, 

T T.eulisr Charestoriaticn of Asbestos 

~=poricnco has domonnirated thet most of the gariiculatc mattesr inhaled into 

=i lucsa of ian ced wairal is 10 micre=o or 2035 in nadmm dizmovor, Larger per- 

-~ - 
t- 125 zopzrontly ars excluded by tha protecciive nechanica of the upoer rospiratery 

:'
 

4 5
 

n
 

[
 

‘2 the cesa of fibrous materinlc, howover, this rcetriction doss not apply 

und 0 +23:r3 120 oand avon 200 microas in lengih hiavo boon Covmd inm the terminal 

“oaccs of hwmwn luags. In small latoratory snirals cxgoscd to msbeytns dust 

TN » : Py - j Amimn length of fiber foand in the lung rarely exceceds 60 micrens. 

Sot 2 o3 . . . . . vory hind of librouc raterial iu inhalod with vwqual readiness; for examole, 

- 

- 
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e

 
X

 

-~ 

“he omaiic fidbers of ciass weol apmisontly Aok Yoo inflemible to pess easily 

EX L YRR ] o 20 CSE, Tharysz, tractze and wrenshi ond seidem reach the terminal 

sanchiizles ard alveosli. 

o
 

Ishalzd pariionicte malter comes 3 rest tiworgnvut the terminal a2ir cpaces 

Taiv: alace d\.c*‘ shrin, 2ivaoli) in all pervs of the luntg; inhaled asbestos ribers 

£ legh et }.:::..’. in &= respiratoryr brorchisies. Tanse vary snall tubes are 
lzzmeciztely €2zl o oronchicles lincd by cilizled epithelima. Their own essen- M 

| R ininy Z¢ g Lor cepoldal Uypoe of epithelivm tut, as their name impliss, they 

:nsuillly Juzetien in respiraticn throaga lateral alvreoli givenr off as pouches 

sl skoir wralis. itner these uou...-e.a. or ta2 abruot change in the character 

14
 

L
) 

o
 

~2 liaing epithaeiii, or the decrease in dizmoter oF tha tube, or perhops the 

fozulaLnisn of all thoze factersz is rosyorsibls for loczl retention of “he inhaled 

“Zer. Taly aTter asbesiesis is woll esteblished are appreci:blc numbers of fi- 

sers carried into the acre peripherai air szaces. 

. 1% 3¢ Tiezun Ranevion to Ashesztss Mibzig 

- e ea e el o ease - e d- ey S co . . e <12 YIUE DV Ligaue reaction Lo 22basios i ruch 22iE a-?.»..! then Lo an ageive 

“usSt 1k qrartz. Z7idances of thabue rasponc: awg2ar 28 aoon a3 fiiars have 

-enlizad in cuffcisat concentratiosn in tpacific sreas. In rats receiviny ssbes-— 

'S "Lbers br intrzbeazheel injzesion thais wwvidesnce i: +Asitls s early o3 bwo <) 

Jzenie; o quares dust the Tanzab norisd mizht ve tso mertis or 

2 seavior of She cissre measticn 4o anod ¢ust after the sorminalion o: 

S Rt he ame i silicesis ag ia astesiosis. Unosilicosis, the young 

feome lxeerr; i asbostosis, rowns star hissue.biad mey nave foimad,con- 

il -~ - . . . e e . e . . : TLC.3 Ind Tacozea-adre dente bhus o orae o lavniveszal cecreasas in ziza. If 
. 

] .-.o-_ :': ~.h Yo ‘; o i s dush i3 testrinatad allzr o Lrief pariod; tha rocentl/-ichaled 

P
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fitors in the lung pay causs the fibrous tissue response to continue for a 

short tiza, until the fidbors heve been coated, This progression is of only a 

3lignt dngree and of' little significance, 

9, Asbestosis Sodios 

Tha poculiar structure knom as tho r:.'sbea‘l:oais body or curious body i3 a 
3pecific conoomltont of asbastosis., The typical body is a golden-yellow, beaded . 

or rausirated rod which may ba oither airaight or curved, Often cne or both cnda 

are Tuibous like a dumd-bell, Thse bodies vary considerably in lergth, and 

direncions dp to 280 microna have baen recorded, 

-t 13 beiizved that agbentosis bodiecs are due to & deposit of protsin and 

sran pi;zent won the swrface of inheled fibvers, In guinsa pige they form after 

~bnut 50 deys of cortact with the tissus., They are nbundant in mea wnd *t.he. guinea 

?ig (cen Tabla 1) but arc much: larger iz tho former, probably tecauece the larger- . 

cizec =ir iubea adwit fibers of proater dimensicz., i cabs, rakbits and mice thers 

18 w3 wgspical coating o0 a fow of the Tibers after much loager residence in the 

., 
- 41

 

=", n ra:s-nnd dons no Ledice could e discovered, Although the evidence is 

aTintlots, it mpoears thot the formation of the acbestosia body prevents demage 

B zht iissus by tho Mter, 

r
”
 

»
 

K
 

TUNALZA2IQ0N BEX?3RINEBNTS L1 

+CUr Cczprshensiva inhnluticn exporiments have bzen conducted at the Saraneo 

=RSerriiry vith vorious forms of asbecstcs cdust, Tn each of those investigaticas 

=3Te *'hin 182 anicals wore uasd and the axperizents wero carriod on for periods 

. mon~ [ad » -~ - 3 I3 Arz froxm 44 Mmor~ then 5 rears, Tro four Linds o ashastec duat omployed 

b=ertilioa =3 dincis Ploass, cherb-Cfider, 100 or ceot ball-milled, wnd 

Linzaer il *=-31.3T ashostes dust. 
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- XX 
INHALATICH FXPINTUEST WITH "XING'S FLCATS" ASBESTCS DUST 

TM3 Pirst ithalatlon oxperimant cemducted at th2 Sarenac Laboratory with 

agbogtoa dust was begun in 1323, irimols iuhaled tha duast for pericds up to 

noarly three yenrs and some guinea pi-: lived for about four yoara after their 

T
t
 

B
 

o
 
s
 
e

 
o

 

rr
a 
e

 
. 

" 

cirat exposure to duat, 1A prsliminery report giving obeervations after 29 

catha cf ezposurc uppcared in tha Februery, 1931, issue of T JOURHAL OF INDU- 

STRIM, ITGITIE.e At that timo obcorvaticns covored a porisd cf coly 2-1/1 years 

~2d the cuaclusicns as to the ultimate affeots of inhaled asbestos dust wero 

! srovisicaal, Jaesults of the comnloted study chor that most of ths ccnclusions 
i 

srswn ia Lo predixminary roport ware substentiatod, A complats review of this 

~xo3rinone Mollows: C:: 

o austins wmaterisl wme a commorsial variety of asbestos dust lzemm 

flonts mnd vwes oomsosed of sliert fibers and psrvislos of 

variadis sice. It was obtalned {rom tha fhetferd, Tusboc pleat of the Asbestos 

6. The cuni comsoaificn (Table 2) revoals Tant the smount of fibrous chryr= — - 

fouile =ug eaaly 14 por ceat, ) rather lo value, THewover, thore was 
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Poee TRTLETITTUL TIAUTOGONINCIS, VI. Imhwlaticn of Labestos Dust. Gardner, 
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cnovn )7 an average coutt of 0.8 millien ror particlze greater than 10 microns. 

Liter oh2 inmhalasiion ewsariment Wzl boen undar wey for zbout two ysars, the spsed 

of ¢h2 ratahing vacdie in the dusting mochine was increaszd and for the remain- 

int 7 or 0 woaths o tha emerinent -~-3siderazbly rore cdust wasg dispersed into 

L &LMO3NRSrE. Average dusi. counis o~ impinpzer scmples collected after this 
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snirve ware 92.7 xillion for thz usual lighi-iicld aetlicd, and 1.0 nmillion for 

" 5 riiclas. lnrz e than 10 microns. - 
! ' 

) ) 

13, Toactica i Adm2ls to Inkaled Fine 's Fleats® Ashastos Dust. Resulis 
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ol e inveatigaticon, brizily summarized in Pable 3, shiew that irhala- 
. 

si:z el Uiogic floats asbestos dust produced &« typical peribronchiolar fibrosis 

I
 

in ~inea pi;s but nut in raccits or xavs. 

* 3 13 Guinz:a ?imr. Soven groups of guinea pigs were used. In three groupa. 

the effect of a centinuous and of an interrupted dust 

Toawte Tas soudiad: o Lo other groups the relationship between infecticn and 

23t amisies tas irveatizatzd. The remaining w0 groups were irfaction centrols. 
- 

2% ~ 

e dahe and Tvmo of Daacticn. Guinza pigs inhaling thia dust for periods 

up to 32 months developed a characteristic 

ver TS oceursing i zonical gatches avout the resoiratory bronchiolass. Puring 
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TS vese tearsporhad t5 the Jymrhatic svstem vwhere they causad no eigni- 

sevanioracelic; tha fibrous 2l2ments remained rixed ot the gite of original 
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oaprexisaiely a year, a sm2ll cmeint of cellular reaction e 

- 

“Uen Treg X! abcut many respiratory “ronchisles. A3 more dust was inha <d, 

<ocwielete in tne same loeaticn and later atages of the disease 
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';o:is:'.s':.ed of extansions of the original lazsions. Mew areuds were not involvad. 

socorentiy, the inhaled fibers werz cauvght in the pockst-li%e alveoli that 

arz ~iran off from the lateral walls of the reszpiratory bronchioles. There they 

~pre ziagocytized and many of them were carried into the well by migratery cells. 

“smenualear leucocytes attracted to the zrea caused an zppreciable thicliening of 

wa egncaial wall. After 16 nontha a dalicate fitrosis made it3 appearance. 

Tre -rocess evolvad 30 gradually vhat mitotic division of {ibroblasts could 

sarolr Ye discovered; nevertheless, the number of fine intercellular collagenous 

vils=g (Iitrosis) 3bteadily increased. As this fibrosis contracted, it partially 

Tataens tha :4.l=‘eoii, and with this atalestasis the lining epitheliwm assumed its 
cmaroindc cuboidsl form. The resull nés the adenoma-like appearance that Yillis 
iessriszd in ruinea »igs inhaling silicon carbide. The longer axposures resulted 

PR *or:' thickeatinug of the walls of tha alr spaces, largely dve to an in- 

sraase in the amount of fibrosis. The [ibrous tissue always remained cellular 

uJ‘ aee sy 3 $ e 2T Taoned the avalinimation characteristic of cilicoasis, 

soe cmywesamign. Tho rezcbion preduced in exposed guinea pigs did not proe- 
——— ————————— 

- 

ipgnificantly during a subsaquent pericd eof 37 gres 1
5

 

2
! 

=:nWhC rmen the animals lived in a aormal atmosphers. DBetween 8 2nd 11 ronths 

Llar zaosusv ceasel, Yhe coijulir r2zciion had been comnlately replaced by 

R otrands oF Cibsovs tigsue. Joserrved still longer, the scar tissue decraased 

5 in v lest andinzl sacrificed, 37 months after discontinuing dust \ elew by 

e 0@ Llroscis wzs still visible. 

« ZZUmSion goincident with Yust Tonalation. Of the group of 472 guinea 

pilgs infzcted with acten~ { 
“PIeLL c2ellni iy stroin) 31 died or were sacrific.d tefore two years d v 

. . SV A 23 =erec reperted ia tihe ponar by Cardner ind Curaings mentioned 

~iC- 
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=tove. Saventesn of thesa died from int:reurrent preumonia. Briafly, the ré- 
sultc wre as follows: 10 reveadled somsz evidence of spread of the tuberculious 

=roeess; in S of these it was confined to the lungs and in the other L the 

:pdeninzl viscera also were involved. Usunlly a slight local extension of the 

‘i=2rcuious infection had occurred but subsaquent tealing had resulted in fi- 

s0z:3 cl both the pulrenary Jlesions and the secondary lesions in othar organs. 

Jhe nealed t:u.'.ponarv lesions shomad more fibrosis than is characteristic of 

“ithers S r*u.!.csi.; or zsbestesis slone. 

“hs § anizmals vhich were still alive after two years of dust exposure were 

acrt.iced ab intervals during the follewing vear. In L of them the primary foci 

Y » “ 
- infoction rad hoealed with Jibrosis and oven calcification and there was no - 

~vilence of progression. In the other ¢ tha tuberculous foci showed evidoncs of 

samny yravisusly spread locally: im k4 of them it had healed, by the time of 
» autirsy, with excessive {ibrosis; in the othzr animal thera was a generalized 

inranic tunarculons pneumonia in ore lote and isolated primary tubercles, waich 

wer2 2till astivs but tud not spread in the other lcbes. 
- —— 

“ridence o1 extension of Lne infection was first seen after 7 months of dust 

rralition; during the next 2C months wore ihan half of the animals showed an 

wetivaly gprecding tuberculosis and in 3 of them sral) cavities kad developad. 
- W s tha laet 3 nonths no animals exhibited any evidence of activae infection 

ALm0 .k in 2zl of hiem the healed fibrous scars of srevious extonsi wiere ob- 

) -z, - I o ) . . P . . F=273. Ly per cent of the guinea pigs with spreading pulmonary tuberculosis 

snewea tudercuissis of the spleen and liver. 

-y 

«s. Infection Swperiimmsed Yron an Jstablisked fsbestesis. Twelve Suinea 

' pig3, afier in- 
==Y S59esten Aust Yor nearly 26 montha, verz infected wit: tubercls bacilli and 

‘hon -a~ . . . .- R retevad Y3 ommal zir. Yho Subplewnr tubercles 1a the dusted animals wera 
» 
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( 

- 

( sre numerous than in nen—custed centroiz, put 2 considerable number were 
aud in the depths of the lung about foci >f asbestosis. The raaction Lo infec- 

or. sncwsd only slignt local extension about the original sites in ths lungs 

4 Srach2otrenchial lyrph nodes. The abdoxinzl viscera were involved in only 

e anical. Caseation #us found in tubercl:zs 1-1/2 months oid but by 5-1/2 

so. s ib had ccomietely diserpeared, lc-.w:i.ag oniy scar tissus. The latter still 
ar:izted in the last andmal, which was killad 1 uontihs atter infection. 

1. Asbestesis 2odies. loderata nwmbars of ssbestosis bodias occurred in 

the lungs of the guirsa pigs, becoming rore mmerous 

3 o ~ore distincily segmented in later montas. 

) 

- 

22, lcbhits. Rabbits exposed to bthe isbestozs dust for perioda up to 19 

tenths developed s lor~yrade fereign~body tyse of reastion butb 

» Jltrezis. Although their lunza contained pariiculite elements of the du:it, 

“irers vare not voosene, indicating that tha wuper respiratory mechenism of the 

2% L3 zdecuaic to exclude fldrous foveim bodizs. o rabbits, arter inhaling 

#2327 Jor % oand 18 onths » tived in normal air o more than two rears. At autopsy 

82 "er inimal shoved any avidence of cellular reacticn ar £ibrosis in the term-— 

-2a. ronchislas nor wera Ghere any asbzatoiiz bedies. 

zate. L1l tre whitt rzus had icq.drad aan infecticon, resulting in the 

formetion of pulnenary itscasces, “efare they came. o autopgsy. 

i, oo ;':.ch ileavy ructs obstructa:d sheir broncal that very Jewr fibers 
-3222 a7y entered their lungs. In a fer ol the rats., an occacional ashestosis 

-XT ra3 Lscoveres but thore was no fibrosig. 
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=l = Gf‘-‘“" vauinn of Ithialation ¢ a X n‘:!“."\“'l“‘, with Xirple Tloals Dust. 

Tan Jindings in Yo wmorirent st Zing!s flzats dud?t can te gummar- 

The Jilug'a floats 

en 

. -y A e, | SR R 2. . Se S0Paen af thie Arhicled Ausi sn normal onpicols, 
a 

& e o \,y 3 K3 £y N S 
v e perdtrorchiolar fL0roris in cwdnol pins but oo 

. . . P o~ R 03 
Comnraa 833 not proagress aftor Yho dust exeoshve was A 

duct caused 2 charac- 

in o=thi%z or rava. Tha 

iccontineed aad tha guinsa 

SO M0 LI ol Tregressicn; in most 

L carcfarced o nornal cir 

e CIInon ot a2 inkcled dust on tubsreulosis in suires wips. guinea 

ni3s in- } 

Lot R adleimased TAabarels vacilili - sné theon plzaezd in the dust roon, ihe 

TeFilL. cere e varaable Jhen As uwsual lnoan erizmaal of this typ2. A [aw 

af tien Lhere was svidence of bLea- 

STwrt CUTvTeziicn With subseguent hicaling; in on2 animzl there way continueus - 

TS TIrTR g 40 dzach, ooomtrogt, them guinea pigs, alfter being infzctcod. arae . 
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TUmnTom2 L Tty camses Che acsth of Bhe aainmzla. Ca the other hond, ex- 
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TIZALATION EXPERIVENT WITH SIORT-FIBER ASBESTOS DUST 

R 2 

$ipe: hasardous duats like quartz cio moat offective in producing fibrosis 

ahen ths perticlos are 3 microns and lssa ip 3ize, an inhalation experiment was 

~arrzod on to dstermine whether thig condition is %trus also for asbestos duat, 

L mas -::houghfi that by using a short-Libor 2sbestos dust consisting almost ca- 
*irely of fidbors and particlec smellor than 3 microne en accelorated tisaue 

rocooase might bo initlated and en advanced reaction obtained in a short time, 

“ha orevious inhelation experiment with Kizg'c floats asbestos, vwhich contained C 

=3 rro:m 1 mm, to 1 micron or less in leazth as woll as e grecat dsal of par- 

ticuilato matter and vhich sroduced a typical peribrenchiolar fibrosis in exposed 

uinea wigs, scrved oo a basis of comperison, 

20, Tha ductinr materiosl for this oxperiment was forwardad from the 

wn7illo nlant of tha Johnse-ijunville Corperctisn., It was the remeias 

¥ iiiers coilectsd in duet Lins efter o carding oporation end soreened to pass 

- -fez the materiol 23 received centaincd many long fibers, it was 
. - 

crevad Inz ctael ball mill 4o roduce practically sll tho particlas to 3 miorons 

=7 zize, Then used aleze ia a standard dusting nmachine, this finely- 

[TTR | - - - > . Py -« a3co3tnz teaded Lo pack in the lopser ongd it bocane necossary to min one 

cem o mad g, . . . : <R3 2P e umgrovnd naterial with thieo volumco of the grounc to gonerata a 

Weiilnemary 6y T I 3 - 4 ReTaTy dust cleud, The odditicen of the =aall guantity of unground ashostoa 
TIR ey’ 3 . : : Leronjats heoauss it confuzed the intorvrotaiicz of results. robably the 

TLRST asa - s : : f A=t of reaction that dovelopcd wms due to the loag {iders in tho rdxturo 

siceusy 4% ; ush tha data of ibig experimont co not prove the point. 
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(7. The cemrosition of the short-titer assbestocs as received is disclosed by - 

the chemical and petrographic a.nalys~3 given in Table L. Samples taken 

ceicre ond aftar grinding ydiclded about the same values on analysis, indicating 

L-3% Lazre Tas ro contaminaticn from the mail or loss of water content. 

23, The dust concentration varied somewhat dwring the experiment and light 

; ‘, fi=2ld counts for atrosphneric samples collscted ingide the animel cages 
-v*.}, 'é" iopinger apparatus rarged from 83 millicn to 182 million. The average of 
‘:{ m%c v28 130 m:bllz.on for the first year of the experiment, 134 million for the 

. Jo.cefi:i w2ar ard Jlbo million for the third yaar. 

-~ -7+ Zize=lrosuency measuremanis of air-Cloated dust from 2nside the cages 

at & rmagnification of 13004 revealed a great preponderancs of fine par- * ‘ 

ticies (lable 5). Wearly 90 per cent of the rarticles seen wers smaller than 3 

~dcrorg, 

- -cacti:n in dnizmals %o Inhaled Shoru-Fibar Asbestos Dust. Four species 

of zninmals - guines pigs, white rats, cats znd rabbits - were used in 

t. The resuits of the dusc expesure, which are summarizad in 

y ¥111 te considered rere in detail below. 

e ZZnon Jlzs. Eighty guinea pizs were originally placed in the cdust roon 

.4 . bus 2L of them were labter clininated from ths e:xpeorimont 
A 04 Yogevns of anlarmes - ; . . “fePe of enlarzged lamh nodac. Of the other 59 anirals, L6 remained 

. 4 

wSE FNn il bhey weve vacrificad or died from natural ccuses ana 13, 
. Ny . 
TM -:.\.:-‘- semmm o s “ N . . . 

v SRECRAL L8 ust fcr 20 wonths, terz tronsrerred -5 a normal atmeospnera. 

3. ar . TM~ s 5 . » : = oA T2 o Peretion. The trpe ol tisnee reaction to the inhaled 
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shorw-liter asbestos was essentially the szame as that already observed in the - 4w 

:—orizent with King's tloats asbestos. Thae rate of reaction also wag approxi- 
- a 

-ately the same but the extent of involvament iwrith the short-fiber dust was 

--ar mucn less =nd after 16 to 24 months of exposure only a very few small foci 

:£ scaction, which genarally required microscopic examination for detection, were 

P
 

reauced in the guinca pigs. 
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"a%il exposures had continued for approximately ona yesr, thero was littles 

-ameney for dust-containing rhagocytes to collect into clumps. By 16 months 

--:-.'-::‘.. rtes had begun to collect about the walls of a few of the respiratory bron- 
Aeales vith o 2itsle proliferation or infiltration of moromiclear cells in these 

-lis. Thern wers 2lso soxe mltinucieatsd cells out thery were always of the 
sore Srroinmn-oody type. At 20 to 2k months the cellular clumps were sometirmes 

fuiie marved end scmetimes changes in the epithelium resuitad in the adenoma~li-:: 

:» "wlercmatoid” sppoarance previously describad in Saction 17. In moast of the 

<-Loesuint S=tbers of the series, the reaction remained cellular in t7pe. Ina 

Suw, Lorever. Iisrous elemonts dominated the picture. In the latter case, the 

rollogen was.;al2 in color and tenuous with ro heavy swollen hyalinization. As (b
} 

-7 Wh? rils describza balca, ithe zliveslar walls might te made up of a tand of 

=— o7 surporuing & layer of epithelium, bub "ath no containsd capillaries. In 

v 

“oLricheotrencndal limph nodes the rezciicn was uors pronounced in this experi- 
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AT TN ' Zn vhe previcus one with XKing's flcats asbastos, protably because of 
‘@ trme - 

rmacornaiicn ol za exceus of fine particles to the nedes in animals inhaling 

- e ooy ~ . 4 . - . . -7 asoestos. The roacticn was essentially an increase in reticulum, rather 

o+ =ST0Su3. 7ith proservation of the crisinal cells tetween the thickened 

Te-- ST Lldors. Diffuse chronic pleurisy withoui avidence of pulronary infection 
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C 3, Prosression. In the 13-3/4 months following the cessation of 20 months! 

exnesurs to lust, progression of disease was not definitely 

astrated tut neither could il be absolutely disproved, owing to the varia- 
L7 of the responsz in dilfarent animnals. At the end of the dust exposure of 

- zonths two pigs were read es + and one as 2+. Among the 12 removed from dust 

rindings vere varz‘.ble. in 2 the reaction was *: in h it was +; in 3 it was 

i in 2 it was Les and in one animal it was 5+, It is quite pocsible that those 

.23 bthe most marked changes )'..d :\l.'-eadf developed more reaction t.han the remaine 
r b7 the tire axposure ccased. Since the more severe reactions occurred sSpora- 

F2ll7 =rd tore po relationsiip to the leasth of tiz:fxe after cesszation of expo- 
=n the Aiifcronces ware attributed to variation in individual susceptibility. 

%.3 visw received sugport frenm the chewmical analyses (Table 7), which often re- 

‘nalicd comparsble :;:r.aunts of zsh and silica in lungs with widely differenu zmounts 
“isste change. For exanple, the ash and silica values were quits similar for 

*hree arizals in 23t 20 months and then in normal air 13-3/k months, yet the tis- 
TM 

aoce . Traction for e animal vas h+y for oncther, +: and for the third, only *. 

4. Agbestosis Pcdiss. The C:rmation of asoestosis bodies was at first ex- 

tremely liriled. After S months! expusure ouly a 

Tere rare short body could bs feund, usually insida of cells. Around the finest 

'1‘- ]1.' - b - '3 -Atracellvlar parbiclaes there wera yollcw dapesits having the sazs color a3 the 

. ‘&posure of cnz year Lzd perzitted :sn accumlaticn of wany lorger 

"TTofoeut thich the agbastosis-tody coating davelopzd. Most of these were 

L XS PN “z - i . . P . 3Ll 3..(»,‘. cnoesn Lo bo rartially or entirzly witiiin phagocyeic cells., By the 

T wila ne firdings in the Wing's flo2ts 2xperirent, 

17 
L ] 
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P 
3. White Nats. Seventv-uhirce whila rcats -ere eposed Lo atnospheric short.- 

fiber usbestez dvst Sor paricas up to 32 menths. Sacri- 

122033 durdng the Jirst 10 wonihs woare mace bimouthly and Sor the remainder of 

~o eyporizent at less freguent intarvals. 

12.% 2ata and Tope of Reactiza. The cust cells mtil § months were widely 
* 

scatiared and odsted in foci only sporadi- 

‘mny leacticn was limited Lo occasional slight bthickenings of the septa about 

=il sectmuintions of dust c2l2=z. In a fow rata ot 10 ironths, there was i sug-— bt o 

o b . : s ) . . 
ivion ol zarly fibrosia but btie change was So alight that it <vould propably be 

Terirowed wivhout the ciump of dust cells to atiract attention %o the area, 

* l“ e o andmala vere exposad Jrom 12 o 22 meadhs. Ia eact of Lhen iha lungs 

¢ o 
rasunn vnute pabches of well-detined fibrosis dlszrituted lilke than of asbastosis 

Lo Aloet asboshasis todies. The lesican, visitle caly at a megnitfization of - 

nictars or worn, consigizd ol patehor along slveoler <ucts ia vmich the walls - - .9 

. .. - - » vt N + - "% - e B TM. - . I3 PRI 
W STIeRE TTava very u-?).CiI: suz Lo .amwilen COLLEEEN IJANCWOril, LomuacLive 

todt g Do owen + v - - . et %~ e ....“ “ . 3 e <o oed Locely. Guisidée tn2 eollison was a biuin loyer of epitholizl onlls. 

i M TEIR Y . . e L . . Py . . . . <23 204 R0l resendle tha Yadznoratoid” changs ensraclieristic of pguinea piz ase- 

LAY bt b [P Fameryp = b K $ -~ N 3 IL3. 00 paaurigy was rrosent. donr he lasicns the adr spacss wers Lilled 

-~ - LomiteTies :un';;':.inin;: sy Lo reltew particulsats dust ond & rare long naked 
flher, el seoarch failed Yo ceveal even @ suggestlon of cn asbestow 

3 Lae. e scoensoironenial rodes sacwoed coupuct focal collcoetions of nono- 

e wills nn 12 wouths and, av 20 months, some difltiza thickzping or bhe 

163 chere vas definite fibeesiec aleng tho marvrszins of tho 
e v . 

. Seliciime Ta o o vaw .
 r
e

 

SWNMGINY late bhe rediagtipal croolis tigssue. Comporcd twith i resvense 

A ~te Sevee o Al - > . . - o eeR QNZL3 Clka aprasuz cnd cnzrd khe c'mzction o chers-riber asbestos ins 

et St 
T e —:'-C'. 

s, 

Saranac Laboratory, Asbestos Pneumoconiosis: Experimental Studies, Report to Johns-Manville (1949)
ACL Doc 11839 · Page 24 of 76

Published by AsbestosClaims.Law

asbestosclaims.law/library/11839/24

https://asbestosclaims.law/library/11839/24


( T2zulls of chemical asziyses made on tia whife ruts are given in Table 8 and 
‘2 wwerage values have bese habulibed in Table 2 for comparison siin similar 

iucz Uor rats inhaling cilier dusts. The concentiration of atmospheric particles 

s t.ii¢h the snimals Tere z=pesed wag anprexinately tha same for esbestos and 

w=nt1y Jor tha grpsua-quertsz xisciure, it was sbout twica as high and for chert 
{ L. ] - . 

izaa p3 high. It will e noted ihrat ith2 pavezacazes for asbestcs a2 lover . m— 

‘e - Y ] . . . | o 

i Tese Sorppuarts or chers bub are sinilar wo thiccz2 for the gyrsum-quariz 

.vre. inoh atrmospheric agglutinatior. tendged to reduce the amownt of dust - 

ndo I aignt Ba daferrsd trhat the total quantity of asbestos dust innaled 

{4
 

A~ 
W |

 . . . e peay #1“-o 
ELEER Milanis . »

 4 bzen eliminaved frsu or dicsolved within the lungs. In 

" '.qun«t ~i~-&- o SR e Tosca el ] apm Yoy = gy MR L e ol TS, N e v-(\ngv’b T TR0l SNAWA AL OUT TITTLOLEE eVI.LWDeGll Ca WARERZ TTLLL LIS A2 N0T RoTidol 

*. Cets. Twenvy cnts svere wsed in ihds inhalation experiment wiih the 

snort~{iter asbestos., Eiphtcen ware kept in the <uat room until 

‘_, CeeR. 2 mepemars parioa rengirn from one momth to nearly Lol /2 yeass, znd two, 

HO IR U3 et oura of 1-1/2 Donths, were removsd Lo normal adr, Cne of these 

ve eewi gt v . . .ty s a}, a LY purinicnd o omsatis, ind She other 24 ronths, loter. ,
.
 

7
 

-
,
 

-y . .. Nam, PP - S I . o E— % n “ 3 e LALe 2rd Gene ol Rarzebion, The moacilen was essentially thai to an inert 

dust, ersn after more than L yeers of expo- 

) : - T¥Ee taz tizzve rosponss i this gpecive was conflawxi to microccopic focd of 

TTITMIs in ihe walle of Irours of subplousal alvaoll, razther then in Lhe perie 

TEUALNAS rces, Inoone amimal the chanle Tas sbensiva onovzit Lo ve vigsualized 

'3 r3is Incteetiom of th2 section. 

< nowew Shgness., Qaly in 202 aniral uith tae Jongast wrpogure oid the — . ve s . - 

ferzy veveud delinwitely 2brnormad shadews., Aftor 29-3/4 

e - ., - [ ) . . 3 
e s, .t - T Ly sy, pe e e, b e, 2 - 3 . - - s T3 sz~ Top nezctive; alter 45 ronbhs o fiint Aobbling cowdd ko detecied 

" .. - 
bl JE TR 3 SO 2 . - i e Yo S an 2 - . Treev 2TUN lutse WA znthonsy, U onoatns ALlor, “heru -as oaly wercueonic .. 
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"w*csis in the supplsural oonz 

-
 

.
 

| 
]
 

2104 et 4 w5 hoo ]
 rmhocrtic infiliraticn about small 

. ‘;‘.Chioles . 

0. Asbestesis Zodiss. Cn rrolongsd searcn a faw yellow abtypical asbestosis 

hedieg, gmecth and without haustrations, were found 

t . y o . - - 

ZAANALS 2XDOsS3A0 LT Wl Lian & yeor, 

. L. Rabbits. Eight r2bbits vere exposed to dust for pericds axtending {rom 

n2 to more whan five ymars. The last animal was ramoved 

.2 Cuzt roowm and ledd in normal oir 6 wonths baisre baing sacrificzed. 

.. Xate end Tv=a of Resction. Thzvre was nevor.znough-fidrosis to-be de- 

Hected greossiy and thore w25 0o chronic 

L.<ing wlewsisy. licrcatopic eridence of alveolar wall {thickeminz wes firs ke 

Jetier adtar coout 3 rears of exposwre nnd was seen in 21l fiv: miimals exaninea® 

. « "% - . O 4 3 AV a 32 - ~ymey ] . <n - cesliar, Tnoome mndral Shet dicd of noxrdysis aliar nzaely faur yrars of exX- 

.. . " . [ . : 20 o anizn evos eztensits cuonch Lc oo visit 1a 
RS 

- 

sanvis o, e sossibility of pulmesnwy inizetizn in Shis =znimal cowdd not 

ooniiuizle Hewrzrer, In ancther sniral dying tto yzices loter thae foeal fibs 

ravly &3 chwious or oo zdvanced. reas of iuvolvemsnt, tnich e 

- o-\s-.---- P sLeorisealiacd ‘.:9\,-...13'» o mroneeyiic razction vwdthin the air spsces, banded 

w0 Bmesie More TLurous witl tha ~azaare of time Sub thera 'mas 

RR TSN pacroacument uron the umen of zir spaces nad the areiitzcture of the . 

-1 T@ mroaeevad. 

-3 Asiestosiz Pecdien. iasbzstos rodizs rare no® datacted in vrabbitz Lhat . 

23izd z2rdy in the erperimsat Dut wera seen in all 

coen oposed to the dust for more than thi:a yeara, 

,' * ° 
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44, Surmary and Intsroretatien 

Tho originnl purposo of the oxperjicent was to evaluato tho chenical 

swcory of the pathogenesis of cabestosis, It was folt that if the tissue reac- 

=::3 o nsbestos were cherical in origin an accelerated or accontuatod response 

~ould rosult from exposure to finely-divided asbesios, aa is the case with quarts, 

LLn uzporinant, in wiaich the reaction —is slower apd lass extensive thaa with 

luis floata, indicatas that tho rouction is pot prinarily chomical iz aature, 

0f the four epecios exposed in this expcyiment only the guinea pig 
1 

<t a% reacted with characteristic paribroadhiolar fibrosis, The cat roacted 

T vivrpical subepleurnl fibrosis and in the rabbit thoe fibresis <hich occurrad 

svla nos ba noazuvebr attributzd to tha dust becauco of a strong possibility 

Lannny wufcctxm 

o 
- XLV . 

TIMALATITAY RXPTRATRT YL 7 1C0 TM7 CIUT BALL-LILLLED ASBESTOS LUST 

4 cag mazlaticn exgerincnt with chort-~Tiber astestos dust a amall guantity 

- cv R TTma sabzatos wes mised with sround :rat.arm‘ in order 9o preduce a guitable 

2 ‘10'4!1.. “hen avidence of a du3t reacticn apzearcd in the guinca pign during 

e trToritens, it was not clear whethor this was u tissuc resgonse to tho cmall 

iters in thse smground asbestos or wag o delaysd effoect of the rere 

. Cearsguently, cnother inhalatica exporimont was started in 

FRrround antorig ‘. 253 used, - 

@ 

- IO AN . . ' 
- <t duntine rn tc icl vas the ground ehort-liber asbestos uzed in tho 

FFeweus ianalation cxuerinemt but ro unground meturinl was mixed with 
Y 

RICLAR I RS S W cx(t"" wiount of atmosphoric dust, the dosizn of the dusting 

27 ..emTed 10 5 onen Uypo of hopuer and foeni dusé vas adéed daily, 
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-ore nd tus Lendeacy of (he material to ferm sm2ll sthorules thiich prevented 

2o 0 Va3 Jibrous vortion Irem {leabing cut of tha novper, the dizparcel of 

» zust —ne not entively satisiactory and 2fter T months of orerction, the dust- 

T sa0adiT2 Tas TesCnverid its arigincd deesizn. To prevent "pilling! or the 

wmwiien of rpherules of asbostos, ateed wirze bruches were attached to the in- 

:owrdzes of tha nopper and to the rotating padils. This arrangement zave 

-~ 

w0 orinsuery rasulis and was used for the remeining £2 wounths of tha coariment. 

AW 2 conporition of the rany motaricd (short-Ciber asbestes) and of atmes— 

ciaric dust liberated frow tha 02il-piilosd '_:x;aduc‘:. in tho dusting ma- 
eeee iz oTivan L Tobla 16, Thege valucs zra based usen potregrapnic stud and 

=0 hlirestica analysis. The atmeasharis samls tas collected with an elec- 

Tro..0tosratdivilater alter virz brushes rad been instellid in the dusting 

<"Tirn, Jegvious vo ihig, the chryastile content ol tiz air-suspended materisl T 

T3 aramedlr .eus bhan the 15 por cent valvs given in %ablo 10. Tn an inbeve 

T omeutL il w3 ciried that the -:«.;ir»bome aust contiined zbout 5 per cens of 
TrooiTo: =0 Tire tre wire brushea were uszdoand wp to 3 per cent afterwards, bud 

- 

Trems viluas wars peebztly 1o Cuanbitative estinctas on ball-willed asbestos 

t
 
.
 

-
 

-
 Vot ronemnat inzecnrate becanze it ig @ifficuil o determire hew wmich 

L3 o mpumand s 453 % T 4 1 Tt e AL L3 SItrous chwrtsolile wd heT wach Li noan-Jibicus cerpanvine. 

Bl 
e ma s ey ‘. EW J % w3e T et TLEE gomeonicAvson Jow iha first 7 moubhs of the ciperiment tias = 

kel R B Rl I T RSP Or S S . Se Fm P P : ST D TR pariiales P cubic foon of alr. After the shro 

- - - * . . 
.. < e S0y i weeses 1Y 3 1 3. -~ rem g - . I w? - Y - P SROR RLULNLIEdE, e st ocornit Tara a 13tiie nichor and the cversil 

aTerL - Lot st vmmgp ewan M0 3972 - - -e o S e . T oLrCi vear vas 10O milliasn. The averzcs of csunis for tha second 

e - D cEllen mmd fop .1, Wiy i P, LR - . wie thed pecr 145 silllon. 
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a2 size-iyecuscer of the corponents of atmwavheric dust collected 

fasids the animal ceges with tha electrostzbtic apparatus is rerported 

1. TMo sampies were izken, or.e tefore ithe wire brushes were installed 

sitazn, It will be noted that aftar the wire brushos were in use a 

Joaction ia Animals to Iniialed 1C2 Por Cent Uall-Milled Asbustos Dust. 

Cainos pigs, rots and mice were ussed in the inhalation axperimsnb with 

e cent ball-millad asvestos dust. Thoe results are swmmrized in 

swnea Fiog, The expericent was storted wath 1CQ guinza pigs. As the 

cust expcsurs proceedad, there were 39 2ccidenizl deaths, 

~maaiz ain an epidemic. after 28 ronths off dusting the 15 surviving 
- 1 » 

wooere sgncfarced bo normal aic. 

~& ce of Teaction. Tor the first yoar of eipcsiwres ractically 
the only reactica o ihe dust waa the pro- 

- .y . . - . - - 3 . *nd e Py 3 - . o itaviared phasocynas and an occasisnal sainuts asbestosgis Lody., at 16 

. ngy - <1ins o eross rasponse vas visible on She tizsus secvion buat microscopically 

aleire oti of inflawmatory cells could be s2an. At 44 onbhs thers was 

» 
) nhary Cnoege eooush Lo Da feen with A hand lens alihougn icrescepic 

-ad Twenalad cellulaxr sccwmlotionz aboul terminal bronchiolos and many 

1203 wotiaes, chilelly within cedls, 

- ~ R A & N . - N 3 . -tericia anzlyses of the lunes (Tebla 23) roveal thal in apite of the 

ve3sun reaction consicertole cust had bLaaa renainea wn the lung. 
~ 
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-~ 

( S3. Crorreesion. The lungs of onimzls exposed for tha full dusiing period 

2% months) and tren liTing in normal air for 2 months 

~oreal>d the changes descriond above cnd slso very slisht peribrenchiolar fibro- 

;2. Afbar 8 months in normal oir the findingz were similar but at 12 nonihs 3 
) o 5 2nimals shdwed grossly-visible characteristic reribronchiolar fibrosis with 

- -nzatoid change. 

e Lyemh yie Involvement. The trachzobroncnizl nedas wera assentizlly 

: nagative until exprswre had been continued 

vear nd a anlf. Aninals sacrificaed 2t 12 monthz and 16 menths 

~rinad & few minute collections of phagocyics containing particiss but prac- 

ceie 19 Jloerz large snougih to s recognized as such. Aftsr 20 months of 

riswee nany monocytes filled with yellow granules wera present. A% 30 months 

"z nad teen a slight increasse in reviculum bui no Mbrosis. o furthor changes 

wveted in othe now2s. isbestozls hodlea were not seen in the nodes of any of 

B T T T AT - Jpy voTutnza pigs. 

soagnzzia Dadins. llnute agbestcsis bodios wer: otserved as ewrly a3 

3 months aller cyposurs tagan, bub Yhay dld nct be- 

“72 rumircuy wntil 25 wonbas bad slapsed. The bodias wcro chert and rractically 

- Jore fatracelluvlay, - alihough at 20 nendhs soms wers leng znowsn Lo projecht 

w7l $ha eoll borders. 

) oo v i3 fawertent L0 nuce that in the laler montls of arposurs thare was a dis- 

T
 

T
 

e
 

—
 

=% Inireazss in the numbar of leng fitzrs tp to 70 microus im longtliidia the lungs 

e Shan after oxrosura ceased cimrzcteristic lenz cgbestosis todiea were scen. 

- o 
. * 2 s - .9 - - = b X . = . 

~"e Thite fan3 and ifice. o thiz copevissnt G0 nuig wove exposcd o pericds 

up to 2C wnika and 2k whce Tor reriods up o 12 
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:-,S.r.'s.:s , n2ithar species developed even a sunroestion of asbestosis and rgaction 
va3 ilmiied to vhagocyicsis of irhaled particles by wicdely-scattered dust cells 

mizy razasned {ree in air spsces or were transported to the trachecobronchial 

s wodes. o asbestosis bodies were found in tha rats but in the mica there 

werz2 a very fefi small non-haustratzd forms within phagocytes. . 
7= 2] moucs lunzs scctionzd thsro were 3 instances of pulronary adenoma (143). 

7. i;mzr:{ and Interrrctation. : 
] Qfia x‘.issne reaction3s observed in this exveriment -were much less extensiva 

wm lveer in dsvelopnant than in tha provious investigation with short-fider 
} 

<2:2393. Since presumably there were fewer fibors longer than 3 microns in the 

witne.al usad in this expoariment, the results tend Lo confiym the interpretation 

e %a Section LL of the short-Ciber experiment that the reaction is not 

“sirzrilr chemical in noture. 

e finding of long asbestosis bedics in anirmals inhaling the ball-milled 

=*irizl is an exampls of the Qifficulty of completely eliminating long fibers fronm 

5%¢3 praparaticn. 

T c2gard to ctrogression of reaction aftar removel from cust, zhich was cb- 
orred In Yhis exparinent bub m;t. in th2 othars, the following interpretation is 
"-ItT:d: Then the reaction is weli-developed at the teraination of exposure,the 

“3raction of the fidroua tiszzus would ohgycure any possitble prograssion. In this 
wwerliant, however, since only the serliest stage of reaction +2s5 presant at the ~ 1 

- 

.t 
.. ¢ < ramoval from dust, Iis subsequent progresa was apparent. It should be 

-an 

‘e 3d that the deziree of progression mas so slight that it can have little, i2 

<7y tTactical simificance. 
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» 

VIl 
< TCHALATTON BAPZHIVINT “TITIT LONG-FIAZR ASRLSTOS DUST 

Jizr raimals Lnhaling short-{lber isbestos dust for more than a yecar hed 

il w5 develew sipnificent reaction, the hy;otheais that asbestosis i3 gro- 

cerw oy 19 mechanical Irritation of long Clbers wea jiven addod aupport, 

2 Ring's floats asbastos used in the first inhalation experitent had ] 

- .t low centont of fibrous chrysoililc ind contoined conaideratvlo serpontine 

L
a

d
i
a

d
 

o
 

a
m

b
s
 

t . t.wr lipuritiess, it was decided to conduct a new inhalation experiment with 

« cicer varm of chrysotile which would te riclier in long f{ibers, 

3 

re The dusting metarisl employed in thig investipation wrs ovtained from B P 5 

the jsnville plant of tho Jdohns-loanville Corporation. Sampics of se- 

©orny virioties of asbostoa dust wero first swbuittod to tho Sarance Luboratory 

v -wwminaticn and one kind, identifiol as Lot D, which wes low in megnetite 

E
 v
 s 

i 
e 
g

 4 

4 . 72mito and hed a fibrous contunt 2silmated to b2 about 75 par ccnt, was 

ielezien o8 zoat guitsble, Stesl wire trushes vwors [23tomed o the ianside aur~ 

1.0 e horeor emd te the rotating paddle in order %o open up the huadles 

“sowriz3 anc iderntd more {ihurs into the aitmozphore, 
- 

2
 

P
 Y A
j 

o
 

cornoeition of the long~rlhor asbostes used in this expurinont is 

indleated bty the chsmierl and vetremreephio nalyses given in Table 14, 

#rava thadl Biis matorisl was a much wurer form of 2ssestes than the chorte 

St e - - 'y » . - P o SoAT VN uazd in other axperimwatz, Thiz is bornz sut by cemparing the approze 

MY o .- ee - ", -4 - ) , TR sualyzas of the leug-i'iter und shori-liter dust in Table 15, . 

4% e o . . : . . : : =. Thz dust concontration as revealcd Ty impingor semples tazken inside the 

znisal zages a3 much lower than the ceaceniratica fer the cxperimenta * 

“ith r. : “vihor er eall-miilod dust, Por tho first yvaer of the oxgoriment with 

e 4N, -l - Y toer=itihar ninestes the aversso of the lizht field counts = ae 32 millien; for 

~r 
- -, v 
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,wea iisclosed thet nany fine particlec less than onaz micron in 

" e, 

e, 

. 

- 
o 

- 

. 

savnad year, b8 willicny for whe third r2ar, 39 xdllion; and for tho fourth 

. .3 =million. Examination of lie impinzer samplea with dark field illuxin- 

size accompanied 

izower tarticles and dark fi2)d counts -vsra, on tha average, zbcut 5 or 6 

3 Yareer than the light {ield counts. 

- 

o2, The ziso~irequancy of stooscheric savples of Lhe long~(iter asbestos 

dust end of the ball-milled dust is shesm in Table 16, Eoth samples 
" Y + : waslscbed Writh the%&ctrostatic pracisitator. It will be noted that there 

D " v 
. 

<> e iibrovs meterial in the long-~{iber cdust. 

\
.;

 

Sssction in Animales to Iniialed Innr-Piber Asbestos Dnat. Guinea pigs, 

catn, ratz and mice werc employed in the inhalation expsriment with 

1='iler astestos. Resuils of th2 experizont, summarized in Table 17, are 

(rr ma ~ oy~ 

et 
- 

.- % - 

] 

s2222 in greater detail below. 

s oy T2 ] ”~ 
datw e uine= Vigs, The axperimant tma started with 100 guinea pigs. After .

 

.
 (2
] 

- 

expostre had tzen czxried on Jor ¢ year, a severs epidemic 

.-y 

Fawiyy 
.t 

Aamrenia zrose in the dust reom azrd qboit one-bhird d of the enirmnls died o 

xilled. To replzce them, 38 more guinse nigs were aadsd te the surriving 

Wi cdust oon. 

iilsbelogical evsminztion rerealed mossly 

visible lecions in tha lungs after 0 months 

wccazura te dust, .consiating o ceilluuwy iafiliv Lliration about tha terminal 

b bl O 

. 

Tedy 
: 

cuiclsz, ot 12 monuis, Ulere were adcencastold snungas 

‘52 JGLh menin a dafinitz Jibrosis was rrecent in thes 

<.ioaly. 

- 

in the adr ovacss and 

2read in hal{ the 

Lha fibrong losion coula ho genta «alTrusceopioally 20 oaths. Irom 

%itp on {he veaction increased in oxtent ~nd ia the wramt o2 collexea and 
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C oo omoath, 10 had linned out into the tarenchirma. Thz lesions were 

iy Jocallzed and the erttensicnz Srom different bronchioles showed 

.7 o fuse, eve: in animals exposed for the wasimum period (3 rears). .- 

caeos ot ¥ 

o2 lubra-pulrsnery rsaction comotimes reacned the pleura, there was no ave Srams wone'd 

- smone of thab mesbrane. No ewphysera was vi:ible at any wmoint. Soms 

,1. 1.7 33 tke larier bronchi with 2 chronic inrlzyratory infiltraticn vas re— 

‘ut it probe:ly was no mora itban vowld te procuced by a similar exroswre 
\' - 

Leist. for ta first S months the phrgocyhes consisted of monocytez or 
f . 

il gioeat colls; later, gizat c2ll forzaticn was more prominant. £Lfter 

o she zicn. calls vere large, fillad with yeilowrishe~treon pigrent and 

o w vacuolat.d. An ocevgional aniial showed an adoixture of polyrorpno- 

‘oY lUitocy .S and, In gudnea pizs exposed for a conciderable peoriod, 

saus iles. The reaction was at first enbirely cellidar but by 15 monshs £i-~ 

=, liswn Jermetion was definita, dowever. it never atlalned a stage of 

. T - - - ~ad . 3 “owesiilon suggesive of silicosis. 
-~ 

.- roradce individuwal variatlon occuorrad zmong the expossd minzals, Loth in 

T or,. o8 dareleping lesions and in the stage of dJdeveloprent ctba.vned at the 

Cpm el e 
oo sxesura, 

wanurses of the lunga (Tadlc 35) disclozed that zitlicugnh the tisone r2sponse 

V2 meh geastar in these guince pigs than “n thcse exposed to eiilier shoriu~riber 

“ii.~:illzd osbestes, Lhe anont of mincral meilor Lo tue lung aza was Liag. 

3. Tremeassion. In guinca plzs exmonad to the cust for 26 months and thin 

rowoved e normal alr, there was = marked tendencr (o 

PP N TIPS h-~J.‘: a\: T inflaursator reaciion to cleoor. This effcct. 2ccormcanicd Hy contraction 

PR A . s - s s L3 3 Fy - - . . 
s vf2 Zibreus tissue, reosullcd in 2 dirdnizhing aizo ol the Tscal lesicns. Yene 

~ % 
-—sitee 
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( =23 animala,itlled at vorions pericds up *to 14 menths af'ter oxposure, 

.2e. 2 lislons as larze es thoss in the group szacrificed at the und of the 

*2i.<. axgorure poriodjor those in enimals which remaired in the duat room 

r mars thuan 20 momths, Fourtesn months efter duct cxposurs ceeased, the foci 

Jevr 92 4h3 six remsirning suinsa pigs wera sc onall that lhey were visible 

2% v a hand lons, 

Jraction :tn the group cxsosed for 27 months and then trunsterred to a rormel 

wsrrhere wag quite sinilar to th2 rescponse in the 20-inonth sexpoeeure snimals 

inticncd above, However, small fozi vere always vigible en gross inspection of 

stsvisna of all guinea pigs of the 27-~uonth aerics but in no inctsnce was there 

wicnice ¢f extmeion of the recction, 

57, Lwmoh Node Involvzwmani. Resmsiicn in the Lrocheobronclhial lroph nodes 

was ~irst visibls at ths third month of ex- 

N
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L
 J3re, At the 8th moath patchse of celluler comncetive tissuo bogan to appear 

P
 
-
 

s:oae pedulla ond by the 14Un menth most of ‘he node had boen replaced by 

ey ..‘ Jiettiait connuetiTe tissue, lhls picture, which rossmbled that in sarly silicosis, 

pIrsisted to the end of The oxperircat. "Sems wmbinals, 28 « variant, chowed heavy 

“19e13 of diffuse monocytos uud Largs active siznn eells but thore was nevur eny 

. 

:érosis or hyniina formation. The spircle-shanad nsir ¢olla were yeliovish in 

k 2:lzr rrom Pine pigment gronules that staiued for iron, No fibers or asvostosds i 

231 were sawm, 
| 

SB8. Asghestosis Sadies. Althcugh eshestosis bodies were sewem in the lung s 

early as une amcath ai'tar oxposure begen, they were 

“are naq hard o> {ind, 4t § woutns icore were vicitle, chiefly coilad inaside gis 

*elle, and at 2 months meny Yodice vere frea in connective tinsve, They booams 

“rly abundeut as exjosure continusd eltiensn in Seme lasor rimals 4he asbestosis 
S , - *33ies wore only moderstely nuwnereus, - 

e 
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* 

73, Rata end Type of Reactica. 1l lfour mimals cacrificed at 25 months 
- 

Snowad o woll-marked peribronchiolar fibrosis, 

7a a3 l0-month animal, reaction was jusi boginning, Asbestosis bodies were 

ractically abgent at both 19 and 25 menths although two small smooth bodies were 

s¢und ia the 19-nonth animal after a lenz search, Thus, these anirals exhibited 

Jtwen~aie without asbestosis vodios, 

fd, Uice, Cut of 20 white mice used In thie experiment, 11 lived a year or 

more in dust cnd died or wore killed without ancwing an appre- 
! 

siciely dagroe of pul:nmary infsction, 

- 3, Rats and Tvpe of Reection. Neacticn was limitad to phapocytosis by B 

menonuclear cella, Usually thase were wide=- 

*v scattorad through the air apacosy a limitod mumber wore grouped about the ter=- 

~1nal bronchioles producing some thickening of their wells, Thers was no sug- 

z33ticn of fidrosis, 

suzerous asbestosis bodics 7ore checerved in animalis killed late in the OXDEIi - 

T
 

TpRc. “hug, these_aninmels exhibitcd astestosis bodisz without fidrosis, 

S
y
 

ow
 

h
e

r
 

L '8, Summars and Interpratation, 

The purpoce of this experimont was to evaluate the importance of long 

<r2 in the tissue issponzo to innalo! asbestss, Tho rosults indicate strongly 

3% long fidera are chiefly rewpemsible fer the recetioa, Thua, in guinea pige 

fiacticn davelopad oerlier end tecame mors exisnsive than in previous cxperimonts 

‘A sgito of a smaller concentration of Gtmoopheric dust and a lower mineral cone 

“ent in the lungs, Farthermore, a typical peribronchiolur ridrosic was produced 

.-u. cats although in a previcus experimort with ghort~Iider dust it did nct dovelop 

in this spectus, - . 

The causs ol the cellular Mbrosis in tha lymph nodes of the tuinece pizs is 

10t clear, It d4id not occur in cther inhalaticn expariments with agbestos. 

Saranac Laboratory, Asbestos Pneumoconiosis: Experimental Studies, Report to Johns-Manville (1949)
ACL Doc 11839 · Page 36 of 76

Published by AsbestosClaims.Law

asbestosclaims.law/library/11839/36

https://asbestosclaims.law/library/11839/36


3
 

LXXVII 
IY¥JECTION EXPERIMENTS 

in order to dotermine to what oxtent the various fibrous winerals possess 

i3 capacity to produce tissue damage, nurerous injoc<ion experiments were per-. 

*:rnad, In thesa experiments guinea piés and rabbits wwers used and the mineral 
i1g% a8 injocted by the intratracheal, intraperitoneai and intravenous tech- . 

~imues, For the purpose of simpiificaticn the findings in each series of tests o tale 

=13 :2en condenged and reportad in tables, to which reference will bs made 

-y 
cwrw an o 

VN, Zznerinents Usinge Intratrachosl Te~hnifiua. 

-irce tho asbostoz minorals do not causze a typicel advanced fibrosie in 

“xira-pviluonary tissus, the intratrachsal technique is the preferred way of in- 
- 

‘reazelng fibrous dust into tho exporimental animal, In this msthed tho dust 

vitaersion iz injocted by means of a special naedls or catheter docp into the 

. » 7z wihdch 4t flows into the lungs, - 
TM 

9, Cormerison of Tibrous ond Yon-Fitrous LCusts, To demonstrata that the 

ability of asbestos to 

e Tibrosis rgaides in its fitrous charactar, tho series of irjocticn experi- 

T9%3 rajortad in Table 19 wers perferned, The tests waroe mads with unheaved 

T¥oeliter chrysatilo and with chryeotils that had Bozn ignicod to destroy its 

Tizls sigructurs or bali-milled to reduc: ths longvh of [iber to 3 xicrons and 

333, L% the come time comtrol ieosts were made with 3erpentine, which has the 

I3 shmiesl canpositicn us chrysotiles tut is nen-{ibrous, & ceview of the 

2332 rovzala that only the uahcated longerilior chrysotile prodiucod fidbrosis, 

7Y ausjrcted e igniticn or shortonid vy heli-millin: had 1ast thoir capacity 

~4429 aorigus issuoc demege, Tgniticn sroducsd imwortant changos in th 
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cirysotils fitors, anong them heing losa of water, as alteratien from a flexible 
P
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"2 2 brittle ctructure and possibly other charnes, 
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€0, Ccmrarison of Various lonr=Firsr dusts, Soms very interestiny findings 

er3 disclosed Ly the reaulis of 

- ¢ryoriments included in Pabiz 20 Firs%, 211 ths long-fiber agbestos mirersls 

S
T

 
A

 

-333d, with Lhe sxc2oticn of anthcchyilite, :roduccd a typical fibrosis, It is 

0
N

 
p

a
p

 
O

l 
Ao

t m
e 

.>7 entirely clear why anthophylli+s bchaved diffecently f(rom the other asbestos 

ceove.lz, Unf'ortunately, 5§ of 8 anipels dizd of gneuxonia within the first two 

P 1203 O the exgperizment and the remcining cnivals were 2acrificed at 1, 8 and 12 

-tn.nu; thus cbsorvations wers not made at ths optimum periods of 2 and 4 months, 

- 

¢ s3cond, with the mineral brucite, vhich is not a silicate htut is a fibrous 
¢ 
L 4 ven - o . st : . : § = ol vasesium hydrozide, a charactorisiic fibrosis like that of the asbesto 
1 
X 

i ririrals was obtained, Siace tiia brueite usod contained only 0.90 ger cont :srlica 

! "¢ Lngurliy), it 45 obvious that a siliccocus comsonent is not an essentiai 
i 

; i .. the development of asbestosia, 
1 2L no fibrosis resulted f.um e injcetionm of glass wocl fiders, even 

ST 5leds ‘vecl fosembles asbastos in sone srays, Thore are fondamental differ- 

T3, towaves, A glass weol filer 3 wicroas in dizmeter i3 a solid red end, in 

Tt % e v 4 .n,,’h{.o, .;S f:-irl‘_.' e
V
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igid, vhile an asscrtos fitoer of tho camo ditmeter is a 

P
O

 

oxtremely fipe “ilements whiza indeit to the Ziber a high degrse of flex- 

2t Lioswculd cesm that thic struziurc ond tho sicoziatad Maxibility ara 

cverning the sapscity ol o mineral to produce paribroncaiolar 
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&l, Cumnmaricen of Lonw.Tihg= <31 Sier:-Tiner Lurti, “ith nuarts cdust it hes 

vean demopstrated that 

Y 2 :2¢ siazller 4he particloes, the nmore intinse is the Tissue razciion, and that thers 

tle renciion ©o 3o 3 mi¢rons in diancter, In tho case %
) 
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 .3 1it 

s’ osboatoz, however, ths reverzo is truz and sopuren:ly only long Titsre Lave 

Ju
m

e sy Speedilic erfsct, This iz conditmed by tho dace oif Tatle 21, in o
t 

=2 Losts with Tibrous mineiels is veported, “non the injocted dust consisted of 

fitera 20 t0 0 misroms lang, mli tha winordly tosted {exceot anthoohyllitz, as 

woved in Seetian 20) preduned a Mihrosis; witen the matorial was prepared by first 

o, - 

sringing tho ihiecus dues il the largth of fitors waa reduced to 20 mizrons 

+.3 leas (or, iz somo cases, 3 niorons cnd loss), nene of the injzeted ninorsl 

w8 ssuged fidresis, 

Ya 3 ~ T - " 1 " . c g LXDEFIIENCT L31!’:.": Lanrevanons Toshni sy Dy 

o esvoricenty, dascribded in Tavie 27, la which wh2 intoaTencus rethod of 
P & 
R (P2 E ctiom a3 wmployew, srow that ihc azbestos wdnorels sro far differcnt from 

Tiarts in sholr actien on tissve, It bz buwen repentedly demenctrzicd that i e 

aentencus lajecticn of quartz varvisles O uisrons snd lasa in sismaver vild E2Y 

M3 A tystoal tisgun rosstica with Tho dewelopannt of hrallnd 
. 

SUsRnraspalmmaery cltes, suen s dhe lvar snd svicen, fshescrs ninorels, hovewc 

" ianratrescuy injecwliin jemdnally uroluce Iray an inevt tyoe of viaelisa, a8 i 
. 

n 

s z2rparimenl with carventilsz paraicles i no® claar: it w2y have beor emuacd 

T2 alitedc weid LN ‘n
 

ccratad iy W2 Sinslysground minerol 

e n 

LI} 

“hw rzasm for the early rfeatas in 

shich a series 
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¢ 

- 

cornilC9 neutralizes the irritacing effoct ol guartz hut not of achestss; 

: c:reontine hag the seme chemical cemposition as loag~T{iber ciarysotile but 
ce 

- -35s aot produce ths came kind of %Lizsue reactica; {5) therz is a wide range 

o .2 chomicel composition of the rinerals which do cause ashestesis (ze0 

siSie 2i), In view of this evicdence it scenmc more likely that asbestosis is 
1) 

~usd Ty 2n vausual wechanical irritation r'rom lseg astestss fibors; this 

-ri%ziion beiug related to the poculiar Jilmnentad ctizucture of tha fider end 

.:: t=suslatea flexivility, vhich are poasessad by no osther forsign btody, For 

mopie, ignition of chryaotile fiters changed their structurs and made thom 

.ntw while the sams filters, Lefors being hsaisd, groduced fibresis (seo Tabls 

‘. . {urtrsr support for the theory of mucnsnical irritaticm is that asbestosis 

weurs in en crgan of high wobility - tho lunig - ezd that a fidbrous reection cen 

¢ wreducad by injecceicn of asbestos fibzrs into the poritoneun, where there is .- 

A¢u 2 degree of mobility, but not in other extra-pualmenery orgons, 

¢ pwppe 

bt bt ¥ e 

COVELICATIONGS 
- . 

The experinental invostigation /sith asbeates minersls was cornewimed primarily 

oy v b ro§ aneapy A= «ith the effect of ths dust ox rce:mzl “isguo but seme attoniioa 'vas given %o 

sthor phases, 3uch &3 susceptitillty to inl:ction end cccurrsnce of wmalignancy. .~ wi 

2, Iafoeotior., 

'3 

The only experiment i which the effeet of ismhaled zzhactos dust oa a pul- 

Aonsry infeotica was studicd wes tho !iroi inhalation ozporimint, carrisd on with 

*Ying's fleats" dust, I% i3, peraaps, unlortunate thes infrczien studiss tere 

aot nade in tro otho» irhalatica experimontz wleo, 
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* 50, Swacentinilin- to Iubsrewlcra Inficiion. Ihe develeprant of a tubar- 

culous process indtiated at 

F.2 vegimning of expozuce to astestos dust, and also of an infection superimposed 

w31 an established csbestosis, tas deseribed in Sactions 17 anc 20 of this ro~ 

*o>%. It will be nctad that asbestos, when classiflicd according to the effect 

1 dust on tuberculsus infzciisa, would 22 placed below an active cdust like 

nrws tub abave irert custs, suzh a3 caleite and ¢ ff‘"‘dm. In aninzls infected 

~ih Gttenuated i:ubarcl:;‘}:oacilli, quurtz will cause the infectious process to 
220223 untll theyaaizal dles of tuberciiosin. Insrt dusts will have no effect 

* Lig irfection and tha lesicns will usually heal and 4the disease disarpsar. 

wnatos dust is in a diffeorent category. “hen tha flurous dust a3 being ine {' 

-23 during the evolution of tire infection, hhaie was a spreading of the "“beri 
"12215 trecess for a time bub usunlly the stimulus for continued praliferation of 

~3 tebarcle Lacilli wes nst sustcinzd, the progreasion was arrested and healing 

sllcwad. In pguinea pigs inlected with alienuatad “ubercis bacilli fordl oTirg the 

“iuniation of neo:viy trres years of oymonurs 6 asbadtos cust, progressive disease | “ 
4 swh develep. The only mocificacion of thz infection was ons of localizatiosn, 

. 227 bacillll baing retalnsd in the fidbrous tarminel Lreonchisles and forming 

‘vsaceles there im edditicn %o thr vsual Cocd Tensath <he pleura. Suen hubarcles ; 

22124 in a few monbis van:i thare wAg nothing Yo suggest anmy inflaornce oa the 

"nesa of Yha éiczaeso. 
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- c.at. This insidental evidoncs suggests tho posaibilily of an eifect of 

.ctestos dust on non~tuberculous infection, Neverthelass, since such epidemics 

:r: not uncommon in inhclation experiments vith cther dusta and over in ths 

sesony of normmal animala, it is felt that tha inhslatiocn of asbestod dust does- 

2ttt oxart a sigpificant offaect on the suscoptibiliiy to noantubserculous 

.wlronary inrfestion, 
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- fcIl 
SUMNARTY 

Cving to the vast amount of daia inciuvded in this report it seems most 

scavenient 4o stato as procisely as ossidle tha various pointa which emerged 

s:cm the investigations and, when neces:sary, follow ecach with 2 briel rssums 

5* thy evidonce, 

Terious forms of osbestss riters preduce a goritronchiolar fibrosis of the 
ivngs of guinea pigs, rata, cata and :sbbits but zot of mice and dogzs, 

Soth inhalaticn and injecticn exporiments provide amplo support 

fer this statement, Fizurcs 5 and 8 show tihe rezction to two dif- 

feront kinds of askbestos mincrel.in the guinca piz lung, Similar 

but less extansive {ibrosi= occurred zlso in rats, cats ond raobits 

(Tebla 1), uice =nd dozs failad to respend. This variation in re- 

poneze ol difforent spociwve to identical dusi exposures is still to . 

be accounted for, 

<, The mode of zcticn of thoe asbositos fiter is primarily mechenical rathor than 
chamical .n naturo, . 

The 2viccace fer taia is givem in Soetden LXXEVII, Figurcz i, 

2, 3, 4 and 7 illustrate thc irpor=zal points, The fitrous fila- 

nented atructurc ol asbtestos plays wa ess=rntizl purt in the irri- 

tating sctica, sincs tho solid fSbers of sless wool do nod producc 

MMYrosis (soe Figuro 8), 

C. Long ashcatos fiters cre a9ssential ia <ho production of paribranchial fitrosia; ° 
short Iibars ars inwpibls of produciag thila resccilon, 

Experimontal :vidence diacleses that pibreo3zig devalozs lollow- 

inz the injactica ot asbestos Nitsea botween 20 end I micrornsirn 

lemgth, vut aot ollowing injacticn o particies less than 20 

- ? . s v EL N . ., . . 
micrens, (Tables 21 and 23, Tieis shows het the cautcity %o vro- 

duce fivrosis dovslons soxevhers hitueen 20 anc 5O aicronai, 

AN, 
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o sUiles nave not Yeon carrize i to usteraine the tdger 

L LYY ( I affactive {ider lemgth, TU anuanra, howevar, that that 

21 T2 cesermined by the imbrizaility of the fibor, 

a2 derizental ssbesvotic fi n:-m;i, 128 praduced by the inhalation of 
.2SPa8ric suggsusion conhaining o 3voroge of 235 million particles 
<3t Jact of air of vhich suly 0.7 cer ceny consisted of fibers lcager 
.} microng, 

. t2% innalatica exveriment with 130 ar cenv ball-milled 

35108 cuat contuizming 0,8 por ceun >f fiScrs lunger then 10 

r=z8 (Sccticn ¢6 to 57 ioclusive) & typical fibrosis was obe 

and (zee Tudbis 12), “he svidsnce presonted shows at least that 

srheric concentratica ol 2stzuiss dust contairing 0.3 mila [ERY 
col 4o 

St o Al S3,000,000) fikers zroaces ihan 10 wicromsper utic 

-¢ 91 2ir ig cepable oI preducing =xpeorimental asbestosis, The 

ssuad lewer imit of councenirntica of loag fibers necocsary %o 

~sduce ulbentonu canrot be entablichad on the svidcnce availzble. 

wiration ol sxuocurs i-zouired 
agocatos dust is - 4nversely 

irr the ttmesphara, viz, as 
ion cavaleps 3n chorisr wima, 

to devolop the pulwonary rascticn to in- 
greportionnl to the comcencratica ¢f long 
tha concentrotion is inerecsed; the 

- 
- 

NTs 
o. 

svideroe for tils statomont 15 sruscrtad in the irholetion 

<Xzerimsrt with Lonp-liber 23bestor Just {Socticns &3 te 76 

facluaive), Stuly of the siie-frecurmcy of tho lang-fiter dust 

{izecloses thas it contained .7 per ceat of fiters greater then 

'3 miercoain length (Table i5). Tho 1,nzs of anisels sxposad 4 

¥nia duat rewvaelod That the sulmenar: reustiosn devsloupsd in approx~ 

imataly cae~nall the expnaure tinz racuirad lor iis devolopremt in 

anirals sybjectec to the bali-milled dus cenly 0.8 

;, sar cent of long filters, 
s 
a 

! 
7 
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0. ahed erxperimencel ssbestosiz censws 0 progress on discentizuing 
-e * " 

. . rue to the duat, - 

~.donce chows in fact thoet on discoantinuing eicposure there was 

waracisble ¢laaring of the mature ulnonary lesions dus to 

.~1ction of tha fibrotic% "euctio:x. In centrast, an immature 
L crug response consisting;érimarily o cells with little or no 

i 

-34S centinuod to prcgreoss., It i3 assumed that following at- 

“a2a% of fibretic maturity; the same precess of contraction 

© +.i1 onsuz (Saction 57). 

S .cma’cion__;_l" acbestosis bodies renresents 3 coating of the fibers by 
~1. ond tiscue elementes wnich resulis in loss of ebility of the fiber 

~scuce fbrosis, 
» 
. 

1tratracheal injoction o ashestosis bodies Mailed to produce 

2 twynical asbestotic tissus iesctiumy in oxpurimantal arimals 

.ctiocn 86}, The coaseticn of progrcssive reacticn to inhaled 

scostos duct zoon efter exzosuro torminates may be due to the 

:mation of asbestogsis tedios, 

Jueinum hydroxide failad to neutralicze thz fibrosing asticn of the long 
\Sir asbastos (Section 65). 

Tuizlaticn of asbestos dust did not alizr asipnificantly the [inal ocutcons 
3’ experirontal tuberculosiz irn two serizs of guinesa pigs cxjosed, 

This interpretation is in uistinst contrast to the stimulating 

tfiect of inhaload quartz uwpen a tuberculous process in ths lung, I 

~ust remain Tantative, however, iince it s btagsed upon evidoaca 

P 

iizited o two ceries ¢ puinea pizs oxpoted %o .cnly one xind of 

setestos, namely "Kings flcats" (Sestien 15-70, 90). Reference o 

iable J chows thut when infecticn was coipoident with cnset of dust 

¢xposure, thore was “temporery prograssicn of the infceticus grocass 

vith subseguent heullag; wien inf'cckics .3 initiatad after 28-3/4 - 

mortha of Gust exposure “he sourse ol .2 tubsrculosia wes not 

{Coatinwed on Prga 32a) 
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“ 

. = -1naally altored, This latter tinding is in marked contrast with 

~.unl experience invelving quarts dusts or mixed dusts containing 

~1.o27 irerein the adverse influence of gquartz upon a tuberzulous 

() 3hion 13 most strikingly ranifestsd wihere infaction is initiatad 

<+~ 3 yeriod of dust cxposure, viz. suparimposed uron a background of 

: uiched =ilicosis, .3 iudicated above, cpplication of thia more 

- cive test to acbestos dust failed to decmenstrate thet such dust 

s: -1 acverae influcnce upon & tubarculous icfection, Thus, thoers 

.ceng, evidence 1n suppert of the intorpretaticn, lHowevar, it is 

ssnced that further investigaticn bo undortaken to establish 

soirt, 
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