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\ ESSYTNRACT
)

“arious Jorme ;af asbostos flbars produvce a poridbraiohiolar filrosia of

a0 lungs of guinea pigs, rata, catis rad ravbits but not of mice ecnd dogo,
.

"he mode of astion of the ushestos fiter i3 prixmsrily wmochaaical rether

“hnn chsrical in neture,

Long aebastosd fibers ary 2svsntial ie tho production of poribronchial

Jibrosic; chort fibors ara incarablo of producing this ro=ctioa,

ypical axperinenigl asvastotic fibrosiz was prcduc-ed Ly the inhalsition

/ . . . .
of :n stoccheric sucbension eontainirg =an avarsge of 138 rillion perticlas

oy cu’:a;{ ;bot of air ~f vhick omly 0.5 ger cont consiated of fibers

songer i0 miorczs *

The durfcion of exponurs required to cavelop thc pulmonary reaction to
.ahnled asbesteos dust is arnversely propoortionsl %o the conceatration of
Zong fidars in the ctwosphere, viz. ac the concentration iz iccreased,

19 reaction dowelons iz ghorter +ixe,

Ususblishse =ucerirmontal acbestosiscoases to zreeress con disconiinuiasg

-

supegurs S the dust,
-ae forasation of astestosis cdios repreconts a coating of the fidbars by

hEh P : & o oy 4 - 2 a 2.
“i03d anid tizguz eloments which rosulis in loss of ebility or *he fider

-

5 rrodusd (MiHrecia,

cdvmiaunm Aydroxids fallazd $o ncutrnlizo the fZbrosing acticn «f the long

"ilnr ashostol {Seetion 25), i

[
~waletion’of ashascos dust did mot alior siznificantly tho fincdl cutceome

“zperimental tuberculosis in 4mo scrics of guinea pigs exposed

conl a




-

i }Fx} :
2. Introduott_‘ph .

."obooto_#a ie a form of pavuroooniosis rosulting {rom prolonged inhala-

tim of aabiufoa dust, The name agbsgtos, litorally "unburnable,” is not

that of & pnr_" joular minoral but is a term applicd to a number of difforent
2inorals 'nhos.a“ﬁuaractariatic feature i¢ o structuro composed of long, par-
allzl, flexigi;ﬂ{ﬁbers. This structure i3 wnique bocnuse the fibors aro
caocblo of rﬁpé}»d longitudinal subdivision to unita of molecular proportions,
ia lungth t?{ ri\bars vary {ram o fow microns to six or mora inchos. Some
varictios a;j‘é eti’.rrar thea othors but many aroe sufficiently {loxible to be

Szun int> yarn and woven on modified textile mechinory.

3. ..cheatos ’inerals

“2c asbeaton mimerals are silicates of varisble composition and belong to
tho esrnmentine and the emphibole groups. Listed bolow are the more common
verietios,

Amohibolo Group

Anthophylllte . (¥g, Fa) uilicate {
Anosite (g, Fe. 51) silicate

Anshilbolo © (Ca, g, Fe, Al, Ha, X) cilicate )
Tremclite (%a, ug) zilicate :
sctinolits (Ca, g, Fo) silicate:

Grecidelite (%a, Po) silicate + Fo silicete :

Sornentine ‘roup

Chrysotile Eg silicato (hydrous) '
'111
- f. N -w)-
¢



The bulk of the asbostes of commerco is chrysotils, IMg0.25103.2030,
whica ia mined in the Thetford regicu of the Province of ‘usboc. <Crocido-
1ite and smosite are also uasd oomacrolally tut in much emaller amcunts.
Chrysotile occurs as veins in serpentine, a mineral similar In chemical ocm-
s03i%ion to ohrysotile but which oxists in masaive form and is made up of
=icroasopic fidorc without tha parallel oriontation characteristic of chryso-
tilo, Ths masgive blue black serpentine, which is mo_th and soapy to the
tauch, i3 traverzed by voins of fibroua chrysotile varyirg in width from 2
baroly jerceptible lins to aix or more inchss. The fibers rum acroes tha
veoin and not lengthwise with the Tormation,

ttention ig directed to the mineral brucite, ig0,Bp0, which is often
found in the same foruuticas with serpeatine and chrysotile snd may be fibrous
In scrvcture. Tt has no ocormorcisl veluce at present becsusze ita fidere are not
surflciently flexible to bs used in toxtilos but they sre cecpable of raneated
-onzitudinel suddivisitn. Unliko other asbostiform wminarals, brucito is not =

stiizute end i this reason it hes been a valuablo tool in an oxpsrimental

3

vziuation of e acticn of [ibrous minerals upon lung tissue,

v
SYERIMONTAL ASBESTOSTS

-
&~

r.\ .
<or apy rears studies have_boen carriad on by tho Saranuc Laboratory in an

ca "':}‘ -";' >~ P . -

7¢resgaticn of the cruge, aatwrs and developizat of ashestosiz, Tha present
bl ade¥o B ol 1 3 A=ad - s . - -

20Tt i3 dovotod to !xperiiontal Jiobosiesis, In it are descrided the animal

L.x::: H X . < .
FUTineats with varicus kinds of ashestos dust, .mother report, to ba praupared

susd later, will Lo concorned with Human Ashetlosis and will covar the

}!::‘.X- o ’
*h aspeectz o workera who hate bocn cxposed to asbes: . dust in an industrial

"MVLrCrnent,




Jlticush estestosis in wan 13 a chrondc dizeass wwhich rejuires years s
reicp, Lo i poscitle to reprocucs in one o nove ssa2cies.of animal character-

: s wissue charges vhich are similz :‘ to the lesions of human asoestosis. Ulece

o iife-sran of the experimental anizal is relatively short, it is not possible

s 3v2lep, !ﬁ'x* characteristic lesione in animels under the ususl indusirial con-

C-

ZhLos- (‘cnseouentl';, to obtain a complate cvaluation of the tlssua response

.5 iqvaled particulate and [ibrous material, il is necessary to accelerate the

saacsion by erploying higner concentrations of dust than world ovdinarily be en=

-
LTy

emrpsorod 14 industry. Thile conditisrs of exposure are thus different, the
.

etimsticn yielded by avperiments with animdls is invaluable in furnishing a

Tetngr uniorstarding of the reacticn of 4he human orjzanisa to innaled asbestos

rverinanval Wethods

Ler investlizating the biolegical reacticn of the experimental animal to the

voriang aanetos minarals, two Lyves of technique have been employed. rnamaly, the

Caltetion mouhad Lnd Uhe injzetiosn mathed.  In inhalation gxperincnts, groups

ol cainals - v o WD or worz gmuinca pigzs and cometimes smaller nuwbsrs of

~zaniis, cuts, oo, ~ebz or micz - are zpt Jor eignt hours a day in = cubical

oo, 2irht feoh in dinwemsicn, In which 2 cloud of sabestos dust i3 rainteine

I

2oolnterrels Suviag the expsrinent, s fow animals are sac~ifized and the tissue

writingd {1 drhormizz the nature znd wiend of the dust rﬂ.actio;; Sote a.nhr;&

S onmesstelor nerials up U warze years.  Tee injection cperizsnts, in sshich

w1z LT, 2uliar Ay oor cusperdcod in flwid, is intzoduvcod into the aniral in tha

Leravencus, lmuraparilonesl o intrztracho:zl procedure, ars used to dotesrinag
.

R Sl o) o e S pRimg AR Iav ¢n3L nes a ;chnt'ial C-’;"_Jacj-t? 40 p:ciuca tissus

Thasiion. -

d.



-

Lozg-torm tnhalation oxpsriments furnish informotion upon which zraat reli-
anes i3 pleced when ostimating the degres to which a duat night be bhuzerdona to
tacusirial workers, Thothor ar noil aimosphorie duat, cven though potontialiy
dangiroua, oan &9 inhaled, pass the uatural dofzuse barriers erd reach the pul-
=onary issue in quantities sufficient to cauco damoge cas be detormined cnly by
imhalatica precodures. Injsctica oxporiments ars ueeful because in them contsct
tatuasn the dust particlos and tiagues is assured eand the potential capacity of
tho dunt %o produce roaction can be estimatod acourately, When dealing with fi-

trous minerals lilkc esbestos, tho intratrachenl method i3 valusble aince it per-

mit3 oonerving tHu offcot of the fibors on pulmonzry tiasuo,

5. CZsecies Susoentidility

Talile frev cilica, asbostos doey no%t oxert its spseiflic offsct in all organs
ol a1l zpocios of animal (Table 1). Injection of fine guarte into wurious organs
cf tho munen pip, rabdit, rat, mouse, cat, dog, chicken and ovea tadpole will -
Jradico silicotic necalec, However, similor injecticas of long or short fider as-
h23t03 have roerliad ln a r'ibrous reaction in the lumg and, to 2 lcaser extent, in
53 ceritoneum ot ot in other organa of the guinea oi, rabbit, cat and white ret.
10 L5 and while wouce failed to rospend, This variatios in Spocics is yet to be

czeonnced fer.,

-

) “.culing Charectoristien of Asbestos

~2porimmco has domoncirated thet most of the particulate matter inhaled into

-:¢ lirgs of ian wed aniral is 10 micrens or 103s in neximm dicmotor, Larger par-

tcles anparaontly ars oxcluded by tho protective meohonizm of the upper roapiratory

-et. In the ceszo of fibrous raterinls, howover, this rectriction doss not apply
md ere - . s
) <33:r3 130 and aven 200 microas in lengith hiavo boon {ommd in the terminal

.-il" on M 254 .y ~ 3 ' 3
faces of hwen lungs. In small latorator, esnimals exposcd to =sbestns dust

Lo p2o] .
Aimm leneth of fiber faund in the lung rarely exceeds G0 micrens.

:Ot . w 1. a : 2 :
Jvory Zind of [ibrouc materiel iu inhalod with cqual reedinegs; for examsle,

-
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siea mysiaiie fiders of class weol appmscertly ace Yoo inilemible to pass easily

meany e
Pgiapet o

2z 1CSE, Tharyzs, trachza and wrenshi and seldcm raach “he terminal

smaachizles ard slvesll.

Ishalzd rariicowicte malter comes €3 rest ihrovgnent the terminal 21ir cruces

‘alvroiac dueth s3rin, 2ivaoli) in all perts of the lunTs; inkaled asbestor ribers

Lo tLegh e ..S’..‘.... in tiz mcopiratorr bronchanies. Thase vary suall tubes are
tezecizsely @42:21 So broachicles linad by silizted epitheliwm. Their own aessen-

$ii1 liniay fe & 1o cuboidal typo of epithaelium but, as their name implies, they
- - - b - 2 - Y M

) N
aunily Jenetien in respiraticn throaga latesal alreoli giveir olf as pouches

siomee diadie walls.  Uither thesze wouches, o tie abruvt change in the character

- oba. oo ——

10 toe lining eritheidizn, or the cdecrzase in ciamcter »f tha tube, or perhnps the

TrmmaLnisa of all thrze facterz is5 rosvorzible for loczl retention of the inhaled

. o

j4

iizes.  Ialy aTtar asbestesis is woll osteblisned are appreciible numbers of fi-

ers zarried into the more peripheral air spaces.

S 112 2 Tiecua Rongition to Agbestas Mibera
Sz ovzle o7 tdssue reaction te 2zb2s3tos i3 much ore rapid then Lo an aciive

wust Lt quartz. Tridaneess of tissue vesponca appeer as soon a8 fivars have

-3cn.ized in rufficisat conceniralion in spacific areas. Ia rots rceeiviciy asbes-
s lbars by intrcteachesl injecrisn thia svidencs is tAcidla 2o early 7 btwo

et alter irfzeiicn; for quarez dust the latsad meriad nizht ve tuo morias or

-

e owmned dust after tne seymination o

<72 e iz of the tissre =castio

3]

(B ool o :o::-a i

5 nen e iame in silicosis as in asbesbosis. Un silicesis, the young
fTRlzs Mocome larnenss in sbestouis, rount 32us bissie.tihnd may have formad,con-

-
-~

T=€.3 nd Teiomes-mdre dense Lut ©ho srew of iovoivesant dezieases in cisze. If

Zhizens Just is terrdinatad wtar a Lriel period) tha rocenils-ichaled




fNtors ip the lung pay ocause the fibrous tissue response to continue for a
short tize, until the fidors heve been coated, This progression is of only &

3lizat dogree and of little significance.

9. Asbesiosis Bodios

™a poculinr structuro knoma as the rz.sbaa‘i:oais body or curiocus body ios o
1zecific coronmltent of asbestosis. Tho typical body is a golden-vellow, beadsd
or rousirated rod which may ba cither otraight or curved, Of<ten cne or both cnds
are Tuibous like a dumd-bell, Ths bodises vary considerably in lerngth, and
dimencions up to 250 microma have baen recorded,

Tt i3 beiizved that asbestosis bodies are due to & deposit of protsin and
trea pijzent won the surface of inheled fibers, In guinea pige they form after
~bou% 50 deys of coptact with the tissus., They arc abundant in men ond the guinee
?ig (cen Tabla 1) but are much larger in tho former, probably tscause the larger- .
cizec eir tubea adwit fibers o greater dimensicz, Ia cats, rabbits and mice there
{0 w3 udypical :oatikg of a fow of the fibers after much longer residence in the
n rata ané Aecs no bedics could e discovered, ilthough the svidcnce is
Litinriots, it zpoears <hat the f‘ormtion of the acbestosig hody prevents damage

“ =t Yiszsus by tho fiber,

-
4

ITHDALATION EX?P2RIVEDENTS

.Glr cc:._-:.rshenniva inhaluticn experinents have h2cn conducted at the Saranae

-
e ®

eretery with vorious foms of asbestes cuot. In each of those investigaticas

JATe ke eta IS . : s e
¢ 'kin 182 snizals were uacd and the oxgerizenta wero carriod on for periods

ennfrez

roR 7 %5 mors than 5 years. Tho four kinds of asbestos dust onployed

L7 lieorei oy seer e Sempsd . 5 >
== =%C 23 oningts floats, chertbefidor, 100 »sr cont vall-milled, wnd




XI ‘
ITAALATTCY FXPEIDTUEYT TITY "XING'S FLOATS" ASPESTCS [UST

"~ Pirsi izhalation oxperiment cemducted at ths Sarenac Laboratory with
acbootos Gust was begun in 1323, irimnls inhaled tha dust for pericds up to

moarly three ysars and some guinea pi-: lived for about four yoara after their

W sl B . s o o

s1rat exposure to duat, 4 prelizinery report giving cbeervatioas after 29

P

[ erposure appcared in the Februery, 1931, issue of THAL JOURHAL OF ISDJ-

=gntha ¢

JTRTAL TTEISNE.e At that timo obcorvaticno covored s period cf coly 2-1/4 years

o sded

-2d tho ceuaclusicns as to the ultinateo affocts of inhaled asbestos dust were

rovizicnal, QJesults of the comploted study show that mogt of tha ccnolusians

‘s

r2wn ia ¢52 preliminary report were subsitsntiateod, A complate review of +this

g axosriony follovws: :

fo

2,  tho Hucting wmateriel was a commorci:zl variety of asbestos dust lmerm
23 Xing’s floats and wes somposed of shert fibers and perticzlos of
varizdis size, It wag ohbtaimed f1om the Thetford, Tusbec plent of the Asbestos .
Sercareticn o of Jmerien.
=¢. “he gunt comoositicn (Table 2) reveals that the amount of {lbrous chry-
sotile *as czly 14 por ceat, a rather low value, fevwover, thare was
a1l A g . . : . 3
vuttizimat Mbrens matorizl 40 produco a charastoriatic fidrosis.
e add anne svestration at first was guits low end for impinger samples

=t scar afher the cxporiment was startzd, tho aveorago light field :
ICURT U7 Yhe standoed b : ; i ;
7 Yae Standard tochniqus wac only 6,0 nillion particles por cubie foct of

ALS, Cm annrasd Y -
: Sprociiiec mumber of largo particlos (or fibers) also wers -resent, ns

&

et I L L LT Y

el —-T.

N8P cley ey, - e pes gy e ~erre : 3

Lo TLETITIRAL TRMTTOCCHINTIS, VIL Inhalaticn of Labestos Dust.  Gardner

DRI ne ‘ [ -~ . . - R N - * k]
' RS, Ll J, Iad, Hyg., 133 85-G1, 27-114, 1921,

3
ey )=




snovm yr an avaraze cowtt of 0.3 millien for particles greater than 10 nicrons.

irean 2 ianalasion ewsoriment Wrd been uadar wey for ebout two ycars, the speed

Af 4ra rauchiny vaddie in the dusting machine was inerezsed and for the remain-
irv [ or "0 moaths o tha evperiment ~msiderably more dust was dispersed into
“.a simo3DRerc. Averago dust counis o impinger samples collsched alter this

somep ware 52,7 1illion for the uwsual light-iield metliod, and 1.8 nillion for

wrticlas. larzx than 10 microns. -
) - !’

13, Toarticn i Animals to Inhaled ¥Xine's Floats®™ Ashastos Dust. Results

0l e investieation, brieily summarized in Table 1}, shiew that irhala-

L

-i:x ¢ {inpis floats asbestos dust produced & typical peribronchiolar fibrosis
in =inea 'wi.;s but n:t in raccits or :atvs.
L3 Guira Piwr, OSoven groups of guinea pigs were used. In three grourc,
" the effect of a continuous and of an interrupted dust
: Treswte Tag soudied: in o other groups the relationship between inlecticn and
F13toimazics 7as irsestizatzd. The remaining tvo groups were iriaction ccntrols.
. -

1, Raip and Tvno of Pancticn. Guinea pigs inhaling this dust lor periods

up to 32 months developed a characteristic

-+ T33.3 dcewrting ir sonical patches avout the resoiratory bronchiolss. Puring

LG mIosurne

“he aviphearal alveold were not inwolred. The particulate olamen.‘r,s
SR duny s tecrsporhad tj:, the 2ymvhatic systen where tho_:r causad no gignie
AL oroeetic sy tha iibrous 2lzrents remained rixed at the site of original
-22280avion a1d ware seldem catected in the lympuoid tissue. Fleurisy and i~

)
P le

S 13 Mg uemsa verc obserrad only when infection complicated the process.

et @S e .o B e il S e, W ns oI &

~-tor omosure of cpprexioaiely a year, a small cmount of cellular reaction

-

- en redusad sbeut many respiratory Sreonchisles. Az more dust was irhkalzd,

< L oLocwnvlits in the same loeaticn and later 3tages of the diseas

'+
21
o-?-
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c— - e e

-

sonnissed of extangions of the original lesions. New areas were not involved.
Lamarentiy, the inhaled fibers werz caught in the pocket-like alveoli that

ars ~iran of? from the latersl wallis of the respiratory brenchioles. There they

~ere riaagocytized and many of thew wera carried into the wall by migratory cells.

vomsmuslear levcocytes attracted to the zrea caused an appreciable thickening of
ta Tponcaial wall. ter 15 nonths a dzlizate fibrosis made itz appearance.

T2 -rozess evolvad 50 graduclly that mibtotic division of fibreblasts could
=103 e discovared; nevertheless, the number of fine interce]._'!.’.xlar collagenous
“I_a=g (Fitrosis) steadily increased. As this fibrosis contracted, it partially
sltaew whe alveoli, and with this atalestasis the lining epitheliuwm assumed its
cmnrydc cuboidsl form.  The resull was the adenoma-like appearance that !f!illﬁ
Ze3criszd in suinea wigs inhaling silicon carbide. The longer esrposures resulbed
K DO -or~; thickening of the walls of the air spaces, largely dve to an in-
rr2ase in the amount of fibrosis. Tie [ibrous tissue always remained cellular

~ °

we> noved the avalinization characteristic of cilicoasis,

JTrrezmon.  Tho reection predueed in exposed guinea pigs did not pro-

gress cignificantly dwrirg a3 subsequent pariod of 37
=inthe vmen the animals lived in a aormal atmosphers. DBetween 8 2nd 11 months

s~ - Sy o -
~ioT oxgosur ceasel, Lhe ecailulir w22ction had oeen comnletely replaced by

LR T Y, S e e .2 . - . -
= sLTEnds o vibrovs tigsue.  Ubserved stiil donger, the scar tissue :lecrea.sed
- \— P

Twmhooul dn bez leut aadiezl sacrificed, 37 months after dis>antinuing cust

™ oanre, lenp ulhocsis was still visible. .

+  Znizerion soincident with just Tnhalation. Of the group of 49 guinea

. .
plas infseted with aitten-
& SN ) maveat . e iy fa . o s . -
FIe. canilil (i) stroiny 31 died or were sacrific:d telore two years
- Ses g w

2 Tere reprrted ia the papar Ly Cardner ind Curmings mentioned




ts-e. Saventeen of thesz dicd f-om int:rcurrent preumonia. Briefly, the ré-
.~re as follows: 10 revealed sorz evidence of spread of the tubercuious
=roress; in 5 of these it was confined .to the lunzs and in the other L the

‘pde~inzl viscere also were invelved. Usually a slight local extenaion of the
timawouious infection had occurred but subséquent healing had resulted in fi-

e

=0z13 cf both the pulrorary Jesion3 ancd the secondary lesions in other organs.

?

Jne nealed puiponary lesions shomed more fibrosis than is characteristic of

o suberculesis or z2sbestesis alone.

cr

[

Tmz 5 aninels vhich were still alive after two years of dust exposure were
acsi.iced at intervals during the following vear. In L of them the primary foci

-S iafoetion tad healed #ith fibrosis and even calcification and there was no

+vilenee of progression. In the other £ the tuborculous foci showed evidonca of

———

., Tariny previously spread locally: in b of them it had healed, by the time of

& autsnsy, with excessive [ibrosis; in the othzr animal thera was a generalized

- .

imFanic tunsrculcus pneumonia in ore lote and isolated primary tubercles, waich

wer2 5till asti-a but tad not spread in the other lcbes.

. ———

-vidence o1 extension of the infection was first saen after 7 months of dust
wrralation; during the next 2C months more than half of the animals showed an
wetively gprecding tuberculosis and in 3 of them small cavities had developad.
== th2 last 3 ronths no animals exhibited any evidence of activa infection
AW sk in 22d0 of bhem the healed fitrous scars of orevious exhaxgé.ions were ob-

TR0, Sisebes

“<%y per conb of the guinea pigs with sprezading pulmonary tuberculosis

=howed ludercuissis of the spleen and liver.

) - o . .
=we 2kection Superiimosed Jron an Bstablished fsbestesis. Twelve guinea

pigs, after in-
~ Ishesues dust Yer noarly 26 months, were infected witn tubercle bacilli and

'-‘.On "a~ ’ . 3 : PxY . -
#e7nd 43 normal air. Tho subpleural Subercles 4n the dusted animals were

11—




-ore numerous than in acn—iusted centrolz, put & considerable number were

«ud in the depths of the lung about focci >f ashestosis. The raaction Lo infec-

2cd only slight local extension about the original sites in the lungs

an Sho

=ach20trenchial lyrph nodes. The abdominzl viscera were involved in only

Caseation wus fornd ir tubercl:s 1-1/2 months old but by 5-1/2
The latter still

e anizal,.
se . 5 Lb had cempietely diserpeared, loaviag oniy scar tissue.

arsizted in the lsst animal, which was %illed 1 wonths atter iafection.

11, .sbestesis 2odies. loderate nombezrs of :sbestosis bodias occurred in

lA«

the lungs of the guicea pigs, becoming more nmumerous

=g -ore distincily seguented in later montas.

22, Zzbhits. Rabbits exposed to the .asbestos dust for periods up to 19
rentha developed a lov~zrade foreign-body tyse of reaction but
-5 ‘iireszis,. Although their lunzs contained parviculcte elements of the du:it.,
“Lrers vare not Trosent, indiczting that tha uuper respirstory mschonism of the
kit L3 zdecuaic to exclude florous foreimn bodizs. Two rabbits, arter inhaling
~27 75T S and 18 ionths, 1ived in normal air [or more than two years. At autopsy
e et iaimal showed any evidence of cellular reacticn ar fibrosis in the term—~

.73, tranchiolss nor wera shere any asbaatoiis bedies.

~3. Jats. 211 4re white ro ztg. had zcqiirad an infection, resulting in the
formation of pulnenary its:eszes, befare they coiré.: %o aub L00SY.

CTrieeatly, oo oxuch heavy rucus obstructa:d sheir bronchi that very few fivers
32 371 entered their Lungs. In a fey ol bze rats, an occa..,ior-a." ashestosis

"XV r1s lzecoveres but thore was no fibrosig.
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Sternranion ol Irielation Swpzrinend smth Xinele Hloats Dust.

Mo Jimdinge im She wmorizent wnth Zing's flsats duai can ve ‘.-mm:aré

>

n normal onizals. The ling'a flioats

b
[# ]
¢
)

AL X ..

duct caused a charac-
cw e ovamdteorchiolzr £i0rssis in cwdnc. pirs but ool in rabbitc or rats. The

-~ - o
T

§ae

d not soagrass aftor ihc dust exeostre Tas diccontinued and tha guinoa

bane

CLer cparclorced S0 nornal ir

L. CErams AU %R inrelaed dust on tubzwenlosis in cuires rigs. In guinea

nigs in-
Samt mtn aglamimased Tabareir paciili - snd tien placad in the dust room, the
SeZioL. c e e variable chen is uwsual no2n axperimeat of thia syps. A law
<LmLL. Tomd w0 izn of presressicn; in most of tihen therce was svidence of tea-
TIrwt o vTrreziicn with subsequent healing; in one animal there was coatinuceus
TESSITR LA dzaesh,  amooontrast, wcthen tuinea pige, after being infsctod, are
oL ia i onnTred of zezasloa dusi, vhe 4 Accu..:n.s pracess conhinues to
ci. Trtlly swses Che death of bLhe andnals. Cn o the other hond, ex-
TortotoLalatrl wriinlr o oz naamlase Just like caleits or eypsum does mot
v grmnaniee o8 che lnfeeticn, Gainea pigs infceted with attenunted

. L P T Ctee e meemid . LIS S N .y o - H
LD ulTiiy e Sarmiasiica of abonl Lo yeare! asiosur: to azbeston

e Tiiomlnswrsrrossive disease.  Tho only modification of tha Infection

B ST liniden, n lan taniill koing reiainzd in the fibrovts Yamainal
THULIlis Al D osedrg tubarel sy thece in 23dihion Uo the usval foci bensath She
Wil

R R R T T Wiy, whe wtmvsial eaburs of the rasponse and tho high
T 0 L e Labslcureend wezuasnte 3% 137 £olt tharn detinits conelu~
TR SLuincn o cobestos o Y12 wurursa off tuberculous infeation era
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TISALATION SXPSRINEWT WITH SIORT-FISER ASBESTOS DUST

¥

\

Sirer nncardous dusts like quartz ero moat offective in producing fibrosia

-~
-

n

shen tha particlos are 3 microna and lsss ip 3ize, an inhalation experiment was

~arriod on to dstermine whother this condition is %rus also for asbontos dust,

it =ag Shought that by using a short-Iibar asbsstoc dust coasisting almost -

~isely of fidors and particlec smeller than 3 microms sn accelorated tissue

racnonso night be initiated éud an advanced reactioa obtained in a chort time,

=3 oraviouvs inhelotion expsriment with Kizgic floats agbestos, vhich contained :
Citers from 1 nm, to 1 micron or loss in leagina s woll as e grcat dsal of par-

ticulato mattor and vhich produced a typioal peribrenchiolar fibrosis in exposed

uwinea wligs, zerved oo a basis of comperison,

%5, Tho ductinz materisl for this oxpsrimont was forwarded from the

7zn7illo nlent of' tha Johns-ijunville Corporuticn. It was the rcméins
T libers coilectad in dust bins after o carding oporation end screened to pass
12 Tesh. Utwen the materiol 23 reccived escniained many long fivers, it s
revnd In 2 zteel hall mill b0 x';:d".:ce practioally sll the particles to 3 miocrons
°r '#as in zize, Then used aleze in a standard dusting machine, this finely-
Tl A3testnz teaded e pack in the ivpper ond it dbocrme nocoessery to ain one
T3 27 e uwmgromnd anterizl with thice volumass of the grounc to gonerato a ‘
iisfRetory dust oload, The addificn of the mall quantity of ungrourd asbostoa -
T3R w'ertmats heoauso it coniusod the interprotciion cf results. Probably the
Sner wmsne of reaction that doveloped mus dug to the loag {iders in tho mixturo

bitteuzh tha daka of Lidg experiment do not prove the noint.




27. The comcosition of the short-{iber asbestos as received is disclosed by
the chemical and petrographic analyses given in Table L. Samples taken
-eicre ond aftor Zrinding yiclded about the same values on analysis, indicating

Lta’ Lazre was ro contaminzticn from the m=il or loss of water content.

2. The dust concentraiion varied somemhat during the experiment and light
4 1 fi21d counts for atrmocthersic samples collected inside the anim2l cages
-r.{‘ }: inpinger apparatus rarged from 83 million to 182 million. The average of
*:!:m‘: c28 130 mbllion for the first year of the experiment, 134 million for the
. ;olcf:::j w2ar ard ;Lho nillion {or the third y2ar.

-

17. lise~lrszuency measurements of air-(loated dust from inside the cages

at a magnification o¢f 13004 revealed a2 great preponderance of fine par—- *

tleles (Jable 5). Wearly 90 rer cent of thz particles seen were smaller than 3

dcrnra,

-

Y
-

. 2eacit:n in Animals %o Inhaled Shart-Fibasr ssbestos Dust. Four apedes

of #ninals - guinea pigs, white rats, cats &nd rabbits - were used in

WNiS avr i

—=2rt. The results of thz dust exposwre, which are sumearizad in

=i : . . N N -
-adln 5, w1l e considered wre in Cetail below.

.4 _ bus 21 of them were later clinipated from tue exporimont

ek VY, e ) -
e L llxd Segaise of enlarged 1;1mh nodas. Of the other 59 animals, L6 remained
4 '
'..ﬁ ..n.c ..

-e
Y amd -

-or el they weve sacrificed or died from natural ceuses ana 13,

.

¢r 20 wonths, rere traznsierred -2 a normal atmosphere.

" el -y . - :
seey -_..f.‘(‘ Yl 9 LS
-—

2 & d Tmo of Perctisn. Tha type of tissuv2 reaction to the inhaled




np-w-Titer asbestos wes essentially the szxe as that already observed in the

-as

an

.—ari=ent ~ith King's tloats asbestos. The rata of reaction also was approxi-
—ately tho saze but the extent of involvement with the short-fiber dust was

~nry Tuch less and after 16 to 24 months of exposure oaly a very few small foci

+# =caction, which genarally requirad microscopic exanination for detection, were

==nuced in the guinca pigs. .

ntil exposures had continued for approximately ons year, thero was little
-amensy for cust-containing phagocytes to collect into clumps. By 16 months
--.-.".:".‘.. e3 had begwn to collect about the walls of a few of the respiratory bron-
d147¢3 vith o little proliferation or infiltration of moromclear cells in these
-a’i3. There were also some multinucleated cells out they were always of the
forainn-oody tyre. At 20 to 2L months the cellular clumps were sometimes
ruiie zarked end acmetimes changes in the epithelium resuited in the adenoma-l1i-
1= "sleromatoid™ appeararce previously described in Saction 17. In most of the
ﬁ cazoesuint mmmbers of the series, the reaction romained cellular in t;pe. Ina

Suw, Lorever. Jiorovs elemont: deminated the picture. In the latter case, the

‘elligen was alz in color and tenuous uith no heavy swollen hyalinization. As

nhindth-ot

-3 it rils desceribea balcs, the ziveolar walls might te made up of a tand of

~—-'er Supporting & layer of epithelium, but sith no contained cepillaries. In

)

-racrederencndnl lymph nodes the rezcticn was sore pronounced in this experi-

1 » AT T hen

in tho previcus one with Xing's flcats asbastos, probably because of

.

] “¢ Trrseortiiicn ol an exceus of fine particles to the nodes in animals inhaling

Ry

--32r asbestos, Tho roacticn was essantially an increase in reticulum, rather

omaqame
e e

S %
.

ey . ;'?h- . -y N -~ o » . ]
-<Tos.3, vith proservation of the criginal cells between the thickened

"o .2dirs. Diffuge chronic pleurisy without avidence of pulmonary infection

crenent i faroanimals
R s 4 [ ]




33. Progression. In the 13-3/4 months following he ceusation of 20 months'

exesurs to Sust, progression of disease was not definitely

astrated but neither could it be absolutely disproved, owing to the varia-
7 of the responsz in diffarent animals. &t the end of the dust exposure of
- -anths two pigs were read £s + and one as I+, Among the 13 removed from dust

r{zdings vere varicble: in 2 the reaction was ¥; in I it was +; in 3 it was

. in ? it was Le; and in one animal it was 5+, It i3 quite possible that those
=3 Lac most mariced changes rad alroady developed more reaction than the remain-

» 97 tha tire exposure ceased. Since the more severe reactions occurred spora-

}::ny znd tore no relationsiip to the length of tixga alter ceszation of expo-

» the 4 oronces ware attribuied to variation in individual susceptibility.
%z vizw received support frenm ‘r.ﬁe chemlcal analyses (Table 7), which often re-
‘aalod comparsble amounts of csh and silica in lurgs with widely different amounts
»f “issve change, For example, the ash and silica values were quits similar for
‘hree arirals in st 20 months and then in normal air 13-3/4 months, yet the tis-

sue rraciion Jor iz animal vus h+; for oncther, +; and for the thi=d, only *.

. isbestosis Pogiss. The formation of asbestosis badies was at first ex-

tremely limited. After S months' exposure only a
T orare shord tody could ba found, usually insida of cslls. Around the finest
2%racellwlar particlas there wera yollew dapesits haring the sams color a3 the
W3 ls taly. Ixposure of cne year hzd vermitted sn cccummlaticn of many longer
fiterr ihout thish the astestesis~vody ceoating developad. Lost of thase were
3Ll st—.c»:-'- ctnouza to bo rartially or entirely witin yhngocyt.ic cells, By the

s -
- -

«* "enih ani thereaiteor, thoy were cozpuratively purerous although still rare

A

SSHIisen wila ae firdituss in the iirg's floa%s axperirent,

-

-}_7.-




V AIT2 Wil

23, Mhite Mois. Seventy-ihireoe whilas cats were wposzd Lo alriospheric short--

fiber usbestos dvst for paricds up to 32 menths. Sacri-

ded bl -

1nwn:3 during the fizst 10 monihs were macde bimonthly ard lor the remainder of

2 cyperiment at less fregquant intervals.

Pats and T-pe of Raacticn. The cust cells watil O months were widely

scattored ami exdsted in loci only sporadi-
.l Recacticz Tas limited Lo occasional slight thickenings of the septa abecut

=111 sectmuistions of dust ca2lls. In a fow rata ot 10 wonths, there vwes i sug-

i
vion of zarly fibrosia hut, the chance w&3 so 3light that it would proovably be

teellovzd m’.'chc'vz thie clump ! dust colls to atiract cttention o the arza.
a0 0 snimals wore exposad Jrom 12 b0 32 menths. In each of ihen the ilungs:
st srnute pabches of vell-detined fibrosis disirituted like that o! asbastosis

L wmdiout 2:boashosis todies. The lesican, visible enly at a magnitfication of
aictars or wmorn, corsisitzd ol patchae along alveolar ducts in which the wralls
T 3Te23 wars very whick, dua Ue swollen rollazan framoworic. Commective
Larta wnd P hedgalscnowskl ailver premarations revealed camplete loss of capil-
<o oaed loczlly.  Ouiside tna coll.:;;s.;n wau a tixn layer of epithelial onlls

+423 111 ol reserdle the Madezneratoid” chunge charactoristic of guinea pig a

i3

~renili. Un plaurisy mas measent. ﬂ::.-r “he lesions the adr spacss wera Lilled
TTe miteses comtaining gray bo rellew particulate dust and a rare long naked -
33 rlner. taertl senrchfalled Yo reveal evern o sugsestion of zn 2sbestom
ALt Tue sreersolroncnial rodes suewd cowpuct focal collzubions of mono-
o Cils sy 12 wonths and, ab 20 months, some difinsa thickzning of bhe
Teticalm. Taoo .*.:.a.';.' ravs therz vas defini%e fibresis aleng the margins of theo

s T T R i - T . . s i - .
L2 inding iato iha rediastinal arsolas tigsue. Cormared with tia resvonae

Llle dusis

(4]
-t
~1
pAl
o

“ika qraruz end chard tie reaction ta chors-riber ashesto:

cTetlizie. .




<asults of chemical asmiyses made on thoe =hite ruts wre given in Table 8 and

+arame values have boza tabulzbed in Table 9 for comparison sdin sizilar

S.e= vap rats imaling coher dusts. Tha concentration of atmospheric particles

-

-+ -.3ich the snimala Tere 2=pesed was anprexirataly the ssme for ssbestos and

wmmevs Jor tha grpsua-quertz wiitSure, it was sbout tTice 2s high and for chert

! .. . .
2-an 03 high, I will be noted that the peveentazes for asbesics are lover

‘nece Sorghuacts or chert but are siailar to thesz for the gypaum-guariz

- 2. in wnfeh atrosvheric agzlutinatior. tended to reduce the anowmt of dust

aignt B2 dnferrad that the total quaniity of asbestos dust innaled

PN -"
-rone du B

C% .. T T oo that it had bzen eliminsted Trom or dicsolved within the lungs, In

- . ceenent stata of our lmeowiedge evaluatlion of thes:s hypotlisscs is not possible.

N

3 *. Sets. Twendy cols vere used in fhis imhalation experiment with the

b . . . :
short~{itor asbestos., Eiphteen ware kzpl in the dust roor until

T Wn2 pepemara pariod rengirr from one momth to nearly L-l/2 yeass, and twm,

X 4

',ﬁs\."“
.

ARy

s &oduse e ours of 1-1/2 wonths, were removsd Lo normal :ir., Cne of Lhese

reme

\b S tiricnd oomsatias, ind SYhe other % yoniths s later.
'

.o+ Tate zrd Twde ol Raaction. The raastlen was essentialily that 1o an inert

dust, erven afber more than L yeers of expo-

TS Yaz Lizzue rosponse in this gpecies was confinxi to aicroccopic foci of

TITMLS L the walle of sroups of subplsusal alveoli, ratier than in th: perie-

-

LT I .-, N syl KN . . % P 3 )
Toeeledir ez, Anoone amimal the chands was wttensive enowvsht 1o te visualized

A 233 Instection of th2 section.
o LTAAY Uhgnmas,  Caly in 4he amdmal with e Jongest cxposuve did tho
Torzy veveal definttely abnormal shadews., AlSer 29-3/4

LI S -, h .. - . . s e o oy ith . . I .
7o TReLTT T negotive; after 45 ionblis A fainb ottling could be detectad

T ot Trteees [ - i Sims Voo an . - . .
v oevna s, A antbonsy, Y olonths laisr, “heru -ms only micscoeevic




wecsis in the supplevral =ons plus hesvy Ummhocrtic infilirstien about small

. cachioles.

#0. Asbestesis Sodiss. On rrolongsd searcn a faw yellcr atypical asbestosis

bodies, awcclh and withcut haustrations, were found

-+ zainalis erposaa Ior more than & yecr.

S L. Rapbits. Sight ratbits vere exposed to dust for pericds axtending f{rom
onz to mores than five ynars. The last animal wR3 reomoved

vxt roon and 1ol in normal a2ir 6 wonths bafore baing sacrificed.

"2 %ang and Tvesa of Resction. Tuwre was never znough fidbrosis to be de-

Yectei gressly and thare was no chronic

Soeine wluurisy. Nicreacopic ezridence of alveolar wall {thickening was Zirst
Tetiel aster atout 3 rears of exposure and vas seen in 21l fiv: mimals examinoo”
srliare Tnoome mdo2l theb dicd of szradysis alter nezxly fonr yrars of ex-

wie e tninn wms enbensivs enouch Lo be wislinle on gross imspaction of

""" aavie . The possibility of pulmenacry infsctisn in $his animal ezwld not
nitvizde Herever, in ancther animal dying two yzars later the Sfocal fibrosis

- nil trarly oo chwicus or as wdvaaced.  freas of involvement, vhich rerc
~TTL0 rinealidacd Teeausa of thonceytic reaction within the aipe spiaces, ULandzd
ETsuennieally to beeome more Tidvrous with Lhe naszare of time Subt thers 'mas

L ~ . " .
(- N R T

roscument uron the amen of eir spaces nnd the arciitzcturc of the

Trzamrrad,

2. westonis Sedies. iabzstos todlss ware not datacted in rabbitz that
s 2izk zz2rdy in the experizsnt dut woro seen in all
o LI Y . -
Setals fean L

“=en &y "osed to the dust for mwre than thi:a yoars.

1

b
-2C=



44, Surmary and Iaternretaticn

Tao origirel purpuse of the oxperikent was to evaluate tho chemical
swory of the pathogenosis of eadbestosis, It’ was folt that il the tissue reac-
-::a *o nsbactos were cherical in origin an accelerated or accontuatod response
~puld rosult from exposure to finely-d:l~:ided asbegtos, as is the case with quartz.
.is axsoriroat, in which the reactiun -mas nlo wor and lass extensive than with
iu:e s Zloats, 2icotan that tho rouction is not prinarily chonmical iz nature,

0f the four epecios exposed in thi;s exporiment only the suinea pig
g, . oat roactad with charact..riat;c paribmndhiolnr fibrosis, The cat roascted
‘7l awpiccl sub-pleural fibrosn.s and in the ravbit the fibresis vhich occurrnd
‘2vli noT Ba poaitlvely attridbutcd to tha duet becauce of a streag possibility

N :"..u-“-ﬂ-’-‘-}’.‘/ i,nfcctim-

XLV
TIMALADI0M RXPIRAVIRY WITH 1O IR CENT BALL-BILLEC ASPESTOS LUST

+ 722 T-aalatien experinent with chori~fiber astentos dust a amall gquantity

ce T tebizstos wes mistad with sround mnl.erl in order {o preduce a suitable

il '10'-2'-3.._ “hen zvidence of a dust reactien appearcd in the guinea pigs during

R W™ I Ty P g A

seel X TOP AL

ent, it was not clear '"hethf'r thig was o tissuc response to tho smell

TEar 0 1pn . A

; = =77 Jiters in the maground asbestos or vag o delaysd effect of the rore

az Plgind 3 ARV L2 00 ypemde
G Vina gust, on.cquc..tq, oanother inhalaticn e:':nor*mnt was started in -

et vnzrand aatorigl was used, :
‘- [
L) ’ J N

. \
wastine getoricl vas tho ground ghort-liber asbestss uesed in tho

+S ianalation cxperiment but ro unground material was mixed with
LI R cztv-i; azount of atmosphoric dust, tho dosizn of the dusting
A, a4z - T .

Pl | R R v » Saypin " b i
-wred Sa sn oopen tygo of hopser and {reni: duat vas added daily,

-

SOtre. D svitin 220.3,.00. A RS- BN L ISRttt s bna s S S
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.« .mm 23 =hn tendeacy of the material to fexm small szhorulea which prevented

PN

D A

o+ :f 'na Jibrous vortion frem fleating cut of tiho hopper, the disperzal of

» zust e not epntively satisia ctor',' and after 7 months of orerction, the dust-

R

.+ -speiza Tas recomveriod 30 1ts ordginal deeigm. To prevent "pilling" or tha

\...d..-.—

v ciem 9% raheriles of asberetos, abeed wire bruches were atbached to the in-

-vriwes of tha pomper and to the rotating paddle. Thiz arrargement gave

-

- sezooory resulis and was used for the remaining 22 months ol ths experinment.,

=2 eonpozition of the raw matericl (short-{ider ashestcs) and of atnes-

riaric dust Liberated frow the 92lil-pillad droduct in tho dusting ma-
wee GnoTivza wn Tohla 1C.  These valucs era bhased usen potrczrapnic studr and

-0t ttlrmesticn analysis. The atmeschoric sampls tms collected vith an clec-

s .U weeginiiater after wire brusties Fad besn instellsd in the duating

"7irm, fruTious vo ihig, bLhe chrysotile content of tite air-suspended waterial

2 nraeadlr 2o vhan the 15 por cent valve given in Table 10. In an intere

; ctoied that the air-borme dust contained zbout 5 per cent of

.

.
A
“,

T-o T T2 tre wire brushea twere usszi and wp e 3 per cent afteryards, but

AT TILlE3 wers prevcbly lov. f}.xa.nti'tative cstinetes on ball-wdllled asheatos

<AV e roacniat irzcenrabe becanze i ds €iificuit to determine hew wmch
ot mamela L5 fitrousz clresotile cnd ey mach iz non-fibrous serpanvine.,
ot rutt coneenteats o Ior tha Jirst 7 monbiis of the o reriment s
I MDD mildien purbicles por cubie foot of alr. JAfter the wiro ’ .
T e Tl sen Lpuunllad, the dust esvntn vova a Listie nighar and Lhe overzll
TR it e Momd veap was 305 million. The averass of counis for the second |
e - - -

=l t2llen wnd {ar whe hird




2 Mo size={Sezvsccr of bha rorponents of atmospheric dust collected

f~zica The animal ccges with tha electrostatic apparatus is rcported
YT ™o sampies were itsken, ore tefare the wire brushes were installed
sma artzr, It will be noted that aftar ths wire brushos were in use a
s .oxp reoporilon of very fine particles and 2125 of longer fibers was released

- -
Pl R LA Yol ot

%, 3eaction in Anirals to Inhisled 1C2 Por Cent Ball-Milled Asbaestos Dust.

’

cainen pizs, rets and mice were used in the inhalation szperimsnb with

L0 e eent ballewillad asoestos dust. Tho results are swmarized in

. 2winea Pims. Theo expericment was started with 10Q gwinza pigs. As the
dust exposura proceedad, there were 39 2ccidental deaths,
+ sormain ot oan epidemic. 4fter 23 wonths of dusting the 16 surviving

ctere ~jAncfarced bo normal Jir.

Tme of Nesction. Tor the firat yoar of exposurs practically

the only reactiovn to the dust waa the pra=

+oseavuerce phugorynas and an occasionel adnute aabestosis body. at 16

L N AR SN S AT
HEAR 2

Siry o3 of inflaumatory cells could be saan. At 24 msnths thers wss

re zaoulh Lo D Teen with a hand lens zlthough .aicrescepic

T

TeheTm T wenlad cellulay accwrmlotions abeul termainal bronchiolos and many

© RTINS novips, chielly within ceils.
el enalyses of tha tunpz {(Tsbla 13) roveal that in apits of the

“a3sus »eaction consicerable dust had bean retainea n the lung.

-
-

Smtns no eroan rasaonse wac vislble on the tissve section but microscopieally




[

g3, rrecpreesion. The lungs of onimzls exposed for the full dusiing period

2% ponths) and trem living in nermal air for 2 months

.~jcz13d the changes descriocd above and &lso very slight peribrenchiolar fibro-

-2, M4ar 3 months in normal 2ir tho findingz were similar but at 12 months 3

24 animals shdwed grossly-visivle characteristic rerisronchiolar fitrosis with

. croqde S Y
- 2SUACOLA Cnanse.

e Lgm[%;‘.e’.-.nvolve_ . Thz trachezooroncnial nodas were essenti2lly
g negative wntil expssure had bsen continued

- s than 2 vear znd a half. Aninels sacrificed =t 12 monthc and 16 months

eeelad a few mimute colleciions of phagocyies containing particles but prac-

.1l o JMoerz large enough to bs recognized as such., Afiar 20 months of

com
-

23 nany monocytes filled with yellow grenules were piresent. A% 30 months

“tirz oad teen a slight increase in reticulum bui no fibrosis. Wo furthar changes

weTed in the noias. [Lsbestosls bodlea weire not seen in the nodes of any of

o Ll .o :
oTennta pigs.

LR .
So28Y

. dcgbasu.sin Padins. llncte asbesicsis bedies werz otserved as ewrly o3

J months alter exposure tegan, bubt thay dld nct be-

o2 rrmiraus wnbil 15 wontas bad slapsed. The bodias worn chert and rraciicaliy

-- «Jorc Zatracellvlar, although st 20 nenths some werz long anoush to projecht

~and k2 ¢33l borders.

L is Lawortant to avte thab in the later sonths of aposure there was a dis-

8% Inireese in the numbar of long fitzrs 1ip to 7C microus in lonpt sy in the lungs

e thin after axposurz ceased chzrccterisiic longz cobegtosis bodiea wero sea

-

«*e “hite £a%3 end ifice. Ia this cspeviment 4O Dabts ware exposed for pericds

urp %o 2C maniha and 2L pica Tor paricds wp te 12




~sriiS, saither species developed even a i urrestion of asgbectosis and react:.on
a3 Limited Yo mhagocytosis of irhaled particles by widely-scattered dust cells
miny razained free in air gpsces or were transported to the tracheobronchial
-,=c= wodose Mo asbestosis bodies were found ia the rats but in the mica there
wer2 3 7er'j'fe1.7 small non-haustrated forms within phagocytes. .

r+ 71 mousce lungs secctionzad thers wers 3 instances of pulmonary adepoma (14%).

+7.  Symey and Interprctation.

I lissue reactions observed in this axperiment -were much less extensive

= .lv#er in development than in tha provious investigation with short-fiber
)

£7:2.93. Since presumably there were fower fibeors longer than 3 microns in the
sit-.21 used in this expoeriment, the results tend to confirm the imterpretation
e .2 Section Ll of the short-Cibor experiment that the reaction is not
"rirarily chemical in nature.

e Lincding of long asbestosis bedics in animals inhaling the ball-millad
whirizl is an exanpls of the difficulty of completely eliminating long fibsrs from

-3 123%es preparation.

-
..

K :'ega.rd to vrogression of reaction after removal from dust, which was cb-

"?TTed In this expesriment but not in thz others, the following interprztation is

Lo, .
-
-« LT2a:

Then the reaction is weli-developed at the termination of exposure,the
“Rtraction of the fibrous tiszue would obucure any possitle progression. In this

wer T' amym s

~=2ni, however, since only-the sarliest stage of reaction wac presant at the
e e :'emm{al {rom dust, ils subsequent progress was apparent. It should be
"Te3d that the degree of progression mas so slight that it can have little, 12

<7, wactical simificance.
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VIIT
TIHALATTON BXPZRIVENT ©ITH LOMG-FIBER ASBESTOS DUST

A
—~ve
. bwa

saizals inhaling snort-flboer asbestos dust for more than a yecar hed

.> develey simmifizent reaction, the nysothesis that asboestosis is pro-

.:u sy o mechanicnl irritation of long lbers w=8 siven addod support.
., %2 Ring's floats asbastos used in the firct inhalation axperient had

- .~ low ecatent of fibrous chrysoiilec ind contaoined consideravlo serpontine

- .wr lpurities, it was fecided ¢3 conduct a new inhalation experiment with

RITIT )

vorm of chrysotile which would be richer ir long fibers,

.

*.  Tae dusting meterisl employed in thiy investigation wrs obtaincd from

the fanville plant of theo Jdohns-lanville Corporation. Samplics of se-

*orny virioties of asbestoa dust were i3t swimittod to tho Sarance Laboratory

:eios e 08 303t sultobla,

S
- >

.
-

A'.'TT,‘-:{\.

-
’.

-vminaticn and one kind, identiflod as Lot D, which was low in megnetite

. 72mitd and hed a fibrous contunt ostimated to b2 about 75 per cent, was .

~EoerTsy

Stesl wire trushes ware {nstened Lo the inszide gure~

€

70 hercor end te the rotating paddle in order 4o open up the bundles

anc

“idberntd more {ivsrs into the atmocphare,

-3, The coroocition of the long-river asbostos uced in this experinont is

indleated by the chsmienl and vetregraphic snalyses given in Table 14,

Taigy

[

Fr20vs Lt Hiis rmatorisl was a muck purer form of astestcs thsn the chort-

Tt u93d in other experimsatz, Thiz is hornz out Ty compariag the approx-

\

cug-iter and short-fitar dust in Table 15.

-~

=tmlyzes of the

.
B )

™z dast concentration 18 revealcd 2y impingor usemples tazken inside the

2aizal zages wra much lower than ths ceaceniraticn for the experiments

PReTterihor or vall-millod éust, For the first yaer of the exporiment with

“3r ~rnexsics the averago of the light field counts ae 32 million; for

.




e~ saumad year, A8 willicn; for the third ;r2ar, 39 million; and for the fourth

T million. Examination of the impinzer samples with dark fizld illumin-

w1 iisclosed that many fine parbiclés 2es3s than ona wicron in size acccmpanied

-
oo

-5 3 .

R dacd

-l

>

.=» narticles and dark fi=2ld counts -wsra, on tha average, zbcut 5 or 6

~or “ran the light {ield counts.

‘e ziza~{roquaney of stmospheric sanples of the long~fiter asbestos

Just end of the brall-milled dust is shewm in Table 16. Eoth sa.'noles

cesn waslzetec ~ith ti @éfzctrastatic pracipitaior. It will be noted that there

- - e ;

. ..

\-’0‘

.3l ie'iter astestos. Resullbs of the erper:-ncnt, sumrarized in Table 17, are

'
b i Fiag
- v

e

iadelb e SR N

‘.8
-
-y

- oecasura te dust, consisting of selliuiar iniiltration about thi terminal

b et ST

are iib-ovs msterial in the long~filber cust.

Zeaction in Animals to Tniimled Innm-Piber Asbestos Dnat. Guinea pigs,

cabn, rats end mica were e'nnlov.,: in the inhalation expszriwent with

in greater detail below.

irs. The experim2nt wmsy sterted with 100 guinza pigs. after

exposure had bzen czrried on for ¢ year, a severs epidenmic

ronda arose in the dust reon ar.d &boat one=third of the a2nimals died or

-

»ilied. To replzce them, 30} rore guinse nigs wers a2dded te the surviving

thie cust oon.

_2ate and Tyro of Rarciior. fiisteclonical e m;.n..t.io'x r':*realec Troasly -

visible lesions in tha lu:vs after 8 months

Sharlzs.  eb 12 ;oniis, there were adenceatoelid changes in the air spaces and

L& h@ )JGbA menih a daf’i iibrogis was procent in ..‘1..., areaad in haifl the

<ioaly,

ol -

o LaSh

*ha fibroug lesion covula D3 2671 wWALTOSCOPLs a.l;v 2120 xontns. From

on ithe Teaction increased in extent ~nd in the wront 27 collavea and




Cohomoath, it had lunnsd out into the parenchoma. Thz lesions <wrere

. -rzeilrs Jocalized ond the exttensicoe from different bronchioles showed

.a-sw uo fuse, eve: in animals exposed for the wawimum period (3 vears).

wha istpa-pdrsnery csaction comotimes reacned the pleura, there was no

- emeonp of thab moabrane. Mo emwphysera was viiible at any point. Soms

,i. 1.7 37 tre lxgor bronchi with 3 chronic inrlarratory infSltraticn was re~
: 3 )
' % ..out it prob’e:ly was no mora Lhan would te procuced by a similar exposwure
s v '

wist. for tle first € monthu the phingocytes consisted of morocytza or

¢

L gieat enilss later, gizat c21l foronticn was more prominent. | LfLsr
R zizn, calls vere large, Mllad with yeilowish-tremm pigment and-
. w3 mecuslav.d. An occisional eninmal showed an wdmixture of polymorpho-
.ot tndilocy .S ank, In mdnea pigs exposed for a conclderable period,

v o iles. The reaction mas ab first enitirely cellidar but by 135 months £i-

Jrsun Sormetion was defindte. dowever. 1t never atlalined a atage of
ceeezilon sunzer wme of silicosis.

-

e

.. rorade individual variation occurrnd among the exposad avlnmals, Loti in

« vr,. of develeping lesions end in the atage of developront attained at the
Ll mesura.

winurses of the lunga (Padle 35) disclosed that cithovgh the tiscwe raaponse
Y=< Tich meagtar ind

these guinca pijgs than ‘n these exprsed to either shoru-ficer

Tea.~iilled osbestes, the anomt off wmincral metior inthe lunt asa s luas.

9. Trcegenssion.  In guinsa pizs exponad to the cdust for 2¢ months and thsn

samoved o normal alr, there was z maried tendency Cor
LT AR

o ® . - . -~ - . o
s~dLr Inflauoators reactlon 4o cloar. This effect, accorranicd by contragtion

LS . s . . . P : - gz . LY
T che Llorewa tissue, rosulted in & dizdnichiog size ol the Useal lesisns. None




=2y unimala,idllcd at vorions pericds up to 14 months after oxposuro,
Lsslons as larze &8 thoss in the group sacrificed at the end of the
axeorure loriodjor those in eniwmals which remaired in the dust room

mars thin 20 momths, Fourtesn months efter duct cxposurs ceesed, the foci

]

fevr 90 4hs aix remsining fuinea pips wero sc swall that liey were visible
v~ i a hand lons,
-suction ::n the group exposed for 27 months and then transterred to a2 normel
weorhere wag quite sinmilar to th: response in the 20-month exposure snimals
satiennd nbon. -Howevor, small fozi were alweys visible en gross inspection of

seariena of 2ll gulnesa pips of the 27-~month serica buti in rno inetance was there

awtcricn of extension of the reaction,

£7. Lyoh ¥ode Involvsmant. Reaction im the troacheabronehial lymph nodes

vae MNrss visibls at tha third month of ex-

Jaurg, At the 8th moath patchse of celluler commective tissuo bogan to appear

i rmdulla crd by the 14in menth most of the node had deen replaced by

Tuioviar connuct.vz tissve, 1lhis picture, which ruessmbled that in sarly silicosis,
pirsistad to ths end of The oxperircat. Soms wlmals, 2s & variant, chowed heavy
“19els of diffuse monocytos nud largs active siant eclla but there waz nevor |y
#erosis or hyaiina formation. The apircle-shanaed nar ¢olls were ycllowish in
:lzr rrom fine gigmens granules that stained for iron, XNo fiters or asbostosts

*23i2v were sawm,

S8, Aobestosig Zadizs.  Althouzh vehestosis bodies wera sewm in the lung as

enrly a3 vne month si'ter axposuie bagan, they were
“are and hard 5 {ind, 4t 0 moutns more were visitle, chiefly coilad inaido glamt
: “ad at 3 ronths many bodico were fres in conmective tinsue, They toooms

?f. h Ky . - ' LR . >
tirly abundeut ng_exzosure «datinuvd eltheusn in somc lawor mimals 4he asbestosis

Y :
*93ies veors only moderately aumercus,

.

e
o
A2
-
N
..
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+3. Rata end Tvpe of Reactica. #£i1 four mimals eacrificed at 25 months

showed a well-marked peribronchiolar fibrosis,
= 33 1C-month animal, rcaction was jusi bogimning, Asbestosis bodios were
sscticully abgent at both 19 and 25 menths although two small smooth bodieo were

s¢und in the 19-month onimal after a leng search, Thus, these anirals exhibited

fiv=agis without asbestosis bodica,

st, Mice, Cut of 20 white mice used in thie expoeriment, 11 lived a year or

more in dust znd died or wore killed without ancwing an appre=-

y
siccly degroe of pd_l[manary infsctien,

5. Rate and Tvpo of Rerction. Leaction was limited to phagocytosis by

mononuclsar cells, Ususlly thase were wide-
Iv isattored through the air apacos; & limited mumber wore grouped about the ter-
=iral bronchioles producing some thickening of their wells, There was ro sug-
z33tien of fidrosis,
sumerous esbestosis bodircs 7ore obcerved in eanimals killed latn in the experi-

Tpnc.  thnus, these minels exhibiicd natestozis bodisz without fibrosis,

8, Suvmmarvy and Interpratation,

The purpoce of this sxperimant wos to evaluste the importance of long
"iS¢re in the tissus responszo to inhalod asbestos, Tho rosults indieate strongly
2% lony fibera are chiefly respomsible fer the resctiam, Thua, in guines pige
fitcticn daveloped oerlier ond tecame mora extonsive than in provious cxperimeonts
‘2 spito of & smaller concentration of “tmospheric dust and o lower mineral con-
“ent in the lungs. Furtherrore, a typical peribronchiolar fibdrosic was produced
‘-!'.. ¢ais slthough in a previous experimant with ghort~riber dust it did not dovelop
1n this specioes, : .

Thu causs ol the cellular fidrocis in tha lyrph nodes or the tuince pigs is

M0t clear, It did not occur in other inhalaticn exparimonts with astestos,

«lle
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LXXVII
IYJECTION EXPERIMENTS

In order to dotermine to what oxtent the various [{ibrous minerals possess

::3 capeoity to groduce tissue damage, nurerous injoction experirmunts were per--

In thesa experiments guinea pigs and rabbits wers used and the mineral

forvaad,
iegs cvas injected by the intratrnchéal, intraperitoneai and intraveaous tech-

For the purpose of simplification the findingzs in each serios of tests

e,

-=:r2 :3en condensed and reportad in tablea, to which reference will bs made

TN, Huserinents Usine Intratrachoel Technigue,

Zince tho asbestos minorals do not cause a Yypical advancad fibrosie in

~xira-pvlisonary tiasus, the intratracheal technique is the preferred way of in-

*re.ueing fibrous dust into tho exporimental animal, Iz this msthcd tho dust
vitoersion je injocted by means of a gpecicl nsedle or catheter docp into the

‘Tazhea, Iro:owhich it flows into the lungo,

79. Cecrmarison of Fibrous end ¥onePitrous Dusts., To demonstrate that the

ability of asbcstos to
s73ice Plbrosis resides in its fitrous cheractor, tho series of irjocticn experi-
7R3 redortad in Table 19 wers performed., The tests ware mads sith unheatod
SSoeritap chrysotilo and with chrysotile that had -bown ignitad to destrey its
+83ixle siructurs or ballemilled to reducy the longth of lidber to 3 wmicrona and
“3%3, It the come time comtrol tcats were made with serpentine, vhich has the
%°3 shemicul camposition s chrysotile tut is non-fibrous, & review of the
o

"*iags roveals that only the ushecated long-filiut chrysotile produced fibrosis,

hory gunas i 3 : . =
Ausjected o lgniticn or shortonsd Hy »ali-millinZ had last their capacity

)

o~

':;“ s 3 2 ) .
%9 3orisus “issuo demege, JTgnitisn vroducsd izvortant changes in tho



Jirvsotils flors, anong thenm heing loss of water, an alteraticn lrom a [lexible

: brittle ctructure end possihly other changes,

Py
AR, C - mey s

£0, Ccmrarison of Various lLoar-Fiter Duzts., Some very interestingz findings

-

ar? disclosed by the resulis of

sorimenta included in Tablz 20 Firsh, 211 the long-fiber ssbestos mirersls
with the sxcapticn cf ant.l-\o.::hyllite, zroduccd a typical fibrosis, It is
..* entirely clear why anthophyllits bchaved éiffecently from the other asbestos
e la, Unz" ~tunately, 5 of 8 animels died of gneumonia within the first two
HERR JEC1Y t1e exgeriment and the remeining m‘ir:.als were 3acrifliced at 1, € and 12
~zn.hu; thus cbservations were not made at ths optimum periods of 2 and 4 months,
“scond, with the mineral brucite, vhich is not a ailicate tut is a fidbrous
:om of namnenium hydroxide, a charactoristic fibrasis like that of the asbestos
ruternls was obtained, Sisce tho brueite usod contained only 0.90 per cont .»lica
surity), it 43 obvious that a silZceocus comgonent is not zn essentizi
the development of asbestosis,
f.ic. o £ibrosis resulted from the in*;c n of glasy woel PMibers, even
Ve gless soel tosombles asz sbostos in sons ways, Theore ure fundamental differ-
"2e3, “owsver, A glaazs weol filer 3 microas in dizmeter i3 a uolid red end, in

. oh

TL lmmgtns, is frirly rigld, while an acboutos filor of ths came dirmetor is a

oztremely fine 7ilsments whicn inpsit to the fiber a hizh degroe of ' flex-

E’ .

tweuld zesm that thic strusiurs end tho iscozialad Tlexitility ara

1B . o
. e
: 2oL in

H

2 -

.
.

4
-
.
®
."

2ctors goveraing the capacity o o minoral to produes paridroncriolar




b0~ 331 Siwri-Tiber Lucti, %ith quarts <ust it heue

bean demucstrated that

r the particles, the nore intznse is the tissue 1axction, and that there

little roaction o serticles largar than 3 microms in diamcter, In tho case

:2 osboator, hewever, the rcverso i trus and sppurenly only long Tibsve Luve

n which a series

s iz cenif'irmed by tho dais o Table 21,

= {o8%s with [idrous minsielc is veported, “hen the injacted dust consiszted of
tara 20 40 0 mizrons laug, =1l tha winarcls tosted {exeeot anthodhyllits, as

“atad in Seetian 30) prodused a fidbrosis; witen the metorial was prepared by Cirst

srizmging tho Iikicus duct Uil 4nhe lspgth of fiters vma reduced ts 20 xizrons

+.4 less {or, in somo caaes, 3 mioreans znd leoss), nen: of the inj2cted ninoral

cede

Jnoeg ceuvsad Pibresis.

Tz, j_':t erimovits Usinp Inorevenons Toshzmiguae,

he eswosirenty, dascribed in Tabic 22, in which wha intravencus rethod of

jcctiom ~ra3 wwployed, stow that the azbostos wdinorels sro far difforent from

.

Miarin in tholr actlien on tissue, It hes buen repoataedly demecnctraztod that

b

qravencus fagjecticn ¢f quartz varticles O wiorons snd 1as3 in Sismovuor vwild

1uea 2 tycical tiseun resstica AAth tho dewveloprant of hyalinized fibrotic logicna

SUouRtraspalnmery cltes, suen 2 the Llver wnd suicen,  fshestos minorels, havewcer,

- wb e,

oigtravescut injection jemorally urodues aniy an inert type of viacti ion, a8 is

Tirealed ky dae results given in Lhe abls,  The rezagom for it carly reaths in

-

s zrperimeni with camrantils pureicles iu nod clzar: it oy have Yeor enuuzd

77 siiledc weid litoratsd Uy the

ve g
-y at
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1is2an. td produsc ashestosis owiluy la puines pies by donlaatlor of
Sk tazs ceninining floreous chryvsctile wtma uastoeessiuoll oo bag, glantyd

) cmrsusly in iho ahdominel wall Ziszppeurad; she other tro bags, placed la
citonsal enwidty, groduced L 1i4%i)o fereir; wedy reaction but no an neis
L3 X e year,
cibersracazal indeetioa inte pvinmen ol of agberiesic hadine roeotared fr
Lo oanag tizsue fella:d to oroduse Il %;T,-::ﬁ.c;; Tizsve resetion’ n wsbectoy
Looome, Tue iajesteti ackariel was otiadned by algzstingovith ousiiun hypecidorite
©Loddna lung eiszue removed ob awloasy fran o ashanuan werker, Tho auboutosis
. .
".2 cauld T2 seen in the mudinon oipw dur ab east oy yoer aviar ianjeeicr,
“ ‘o oruporimerd shows that the astostonis bedy bag a pathar resisltant coating
s’y i3 net Cestrered ke nederate nyposhilorida Lrcaummit snd may b2 nauntusning?
..'2va for a year o longur,
oY
T2ZTORRY 6F TOLRITERT 202304
o hypol ::cas heve hoona mopestd to ouplain the Hoous werifatica ant resse
e CaUSWU Uy caberion ¢ W chamienl cvd the eolesical. S The ::hﬁnical
ey, walea 15 bea2d uph enpdriense &LTh osuytz, 16 I8 acsemcd FROT e ase
“3toe mintrals dissclee da Uhe hody Mloles and Shot i ie sroves: Thiis beses
2 liachRe ey o leave sillce inm moarr wopabilu ol irrivaiiag Shumavi,  Acecrde
Lag w2 thie hi2oiheste, fupandosin would B0 oaorely an ndlarses aliloezis,  Sawverel
Loty make tac cnembisal izery unwonnhlo: (1) Intratreashoal ingesticn: of Drne
LT fhbnre, vhind bee o siaina ceadontt ol waldy 2,00 par sent, sauzsd o Heuical
iheosls iike thot serducsn Ly ther aglesios mraweralz; (2] frasesilicn nortielss
screrae L nE onl e tAn e siuo Ttadiadn AIs3, DUl nSteshad Mtors
cherier Thrnovbent LI o &0 riarian 2w el ey fnasovwwe; L3 A
-

..
ey, .
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effact 0o guartz hut not of achestas;

ng

.-ex.Ce neutralizes the irritaci
composition as long~Tidber chrysotils hut

santine has the seme chemical
Lizsue reacticn; {5) thers is a wide range

. LI
. “el s

355 0ot droduce ths came kind of
- chericel compousition of the minerals which o cause ashestesis (see

stie 2i)e In view of this evicence it scemc more likely that agvestosis is
)

! Ty 2n vnusual mecchanienl irritation t'rom lorg asbestos fihors; this
fiver and

. e
PRSI

-»in:zion being related to the paculiar filaznented siructure of tha
rwzuciatex flexivility, vhich are possessad by no osther foreign btedy, For

zo-.L2, ignition of ehrysotile firers changed their structurs and made then

v vhile the seme fibers, Tet'ors being hoatad, groduced fibrosis (seo Tabls
tation is that asvestosis

. Jurtrar support for the theory of mechanieal ir
c2uts in en crgan of high mobility - the lunpy - zad that a fibrous recction cen

~oducad by injecticn ol asbestos fibzars into the poritoneun, whure there is

Iy

~éu 2 degree of mobility, but not in other extra-pulmenary orgeons,

aperepripaar o
HES S FYNN

COVELICLTIONn

(4]

concsraned prirarily

~
P

rminerals wa
an %o

oo

ration with asbeatos

L=

avtention vas giv

The experimental invoszti

"ith tho effect of thz dust on nermzl “tisgun but seme
ef maliznancy.

rehce

Tihor phases, such &3 susceptitility %c infl:chion end cceur

aghactos dust on a puls

2, Iafeotior,
The only experinent in vwhich the effeet of inhaled
iret inhalation czporiment, carried on with

Aonary infsotien wias studicd wen *ho
It is, perhaps, un/ortunate thet infrezicn studiss vere

"Xing's flcats" duut,
a0t made in tro othor irnhaluticn exparimonts wleo,

~ e
-




60, Suacentibility to Iwbareulers infiyeiion. Ihs develeprant of a tubsr-
culous proce3s initiated at

a2 ceginning of expcuure to estestos dusy, and also of an infection supsrimposed
-3 3n establizhed cubestosis, mas descrited in Sections 17 ang 20 of thisc ro-

-2~5. It will be noted thal scbestos, when classificd accerding to the effect

: - 2 dust oa tuberculsus infeciion, -.x'ou_ld %2 placed below an active cdust lile
«nymn tub abeve inert qusts, such a3 calcite and gypsum. In aninals infected
~zh attenuated 'hubarclz;};aaci'.‘.li » auartz will cause the infectious process to
~-ege2a2s until tna‘a' iza]l 3dies of tuberciiosin. Insrt dusts will have no effect

-+ L irfection and the lesions will usually heal and the dissase disarpsar.

sonston dust 1s in 3 difforent category. ihien tha flvrovs dust w/es veing ine {
<23 during the evolucion of the infection, thaire was a spreading »f the ‘tuber-t

“ir1s preocess for a time bub usunlly the stimulus fcr continued praliferation of

.3 tvbarecle Lacilli 'mas not susitainzd, the jrogression was arrested and healing

“Yicwad, In guinea pigs inlected with attenuatad tubercie bacilli followirg the
“rualation of rottiy tnres years of expesura T2 e@sbawtos cust, progrossive disease
4 nwb develep. The only modification of ths infection was ona of localization,

- -:1 bacilli Yaing retairnzd in the f£ibrows torminel Lronchioles and forning
‘wzarcles thers in eddition to tho uvsual “oci Tenaath the pleura. Such hubarelas
22i2d in a few montias and thare was nothing Yo svgeest amy inflaonce on the

‘mena of the dizeesa.

Ji. Suseeptidility to Yen~Tiborenlons Tufestion. There w2z no pointed ax-

. verizant concerning tho

«Cdunt of dnhaled asbestos cust on mon-tiberculous iniocction. Iatercorsand pncu-

Iris amony andrmls wrossed o asbesctos dnst s rother cemmon. Lhe freqrsncy in
rdinea pigs exponel in the fovr inhalation wiparimonts rongine Seom 165 to 29 wep




c.at. Thig inzldental ovidence suggests the ps33ibility of an ei'fect of
.tastos dust on non~tuberculous infection, YNeverthelese, since such epidenmics
sr: not unceoemon in inhclation experiments with othsr dusta and oven in the
:oiony of normal enimalz, it is felt that the inhslation of asbecatod dust does-
wtt axar: a significant 2ffect on the suscoptitility to noa«tuberculous

.:lronary infection,
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scavenient to stato as procisely as »ossible

s+cm the investigations and, when neces:>ry,

Lwing to the vast awount of daia inoiuded in this report i1t seems mosat

the various points which emerged

follow each with a briel resuns

4y evidonce,

“erious forms of csbestcs rivers preduces a periersnchiolar fibrosis of the
ivngs of guinea pigs, rata, cats and rabbits but not of alce and dogzs,

Zoth inhalaticn znd injecticn exparimsnis provide ampls support
fer this statement, Figurcs § and S show tie resction to two dif-
Poront kinds of asbestos mirerel in the guinea piz lung, Siwilar
but less extonsive {ibrosis occurred slco in rats, cats ond ravbits
(Tedble 1), Iice and dogs failad to respond, This variation in re-
dponee o difforent spociss to identical duei exposures is still to .

he accounted for, .

The mode > zction of the asbostos fiter is primarily mcchenicel rathor than
cherdeca. .a naturo, -

The 27icence for this is5 given in Yectlen LXXIVII, Figurez 1,
2, 3, 4 and 7 illustrate the irporzant peints, The fibrous filae
nented atructurc of asbsston plays na essential part in the irri-
tating scticn, sincs ths solid fibers of zlass wool do mol produce
Mbrosis (soe Fizure 8),

Lonyj eshcutes [itera ere gssentisl ia “ho prodiction of paribranchial fibrosia;
snort Iibors ars iawep sbls of produeing thils resction.

Experimontal :ividence diacleses that {{brasis devalops iollow-
inz the injactisn of asbestos fidsra hatveen 20 and S0 microrairn
leagth, Lut not following indacticn o particies less than 20

micrens, (Tables 21 and 23), This shows {het the cacieity %o oro-

o

duce fibrosis devslops soxevhera hotween 20 anc 50 aicrour,

A0




.

« Ui :zve not Seen sarrize ct o Jdstermine the upger

~2 avtagtive fider ilpngth, TU anpanra, howevar, that <hat

il o desermined by the imbhrieallity of the {idor,

4 e:oesiiental mshestotic fibroui: was produced by the inhalation of
YA 31'1" sugsension containiag un avarage of )16 million sarticlea
-~:‘.:: ~act of air of vhich snly 0.3 ger cant consinted of fibers icnger
L) micronég,

"o % inhalatica experiment with 130 ar cenv ballemillad
sstes céuat comtuining 0.8 par ceuw >f fiScrs lenger then 10
=23 (Sectien 46 %o 57 irclusive) a typicel fibresis was obe
ind {cee Tudiw 12), "hs mvidsnca pressuted shows at lecast that
t.csosrheric concentraticn ol asteuids dust containing 0.7 il
2y 0 Eh 2 A22,000,000) fikers yreave: than 10 wicremsper sutic
¢ ar eir iy ccpavle of preducing =xperimental zsbestosis, The
:dund lewer Limit of concentration of loag fibers necessary %o
*rduce asbentosis cannow be eatablishod on ihs sevideace available,
T Ciration ol exvocurs icguired to devolop the pulwonary rescticn to ine-
-:3 agoeatoa dust is ipversely oreportional to the concentratica of long
w79 i the ttmesphara, vic, «s tb—: concemtration is increased, the
metion caveleps in chorisr hima,
“videroe for tiis sratemont i3 srussmtad in tha ir.haiati.m
sXzerimart viich senpg~fiber ssbestor ust (Scctions K3 to 76
faclualve), Stuwly of the size-Iregumcy of the lang-fiter dust
“izclozes that il eentainod .7 per ceat of fiters greater then
'3 miereszin length (Table i5), Tho imzs of animals exposad %o
this duas :‘c'.':zt!l::vd That the pulmonaes reuatisn developod in aporoxs
imately cne-uall the exposuro timz eacuirad lor ius davoloprent in

snirsls rubjeotec to the bali-milled dust, hich centcined cnly 0,6

z, zor cent of long fihers,
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.. .aned erperimental ssbestasis censos 0 progress on discentinuing

e LD the duat,

. -

s¢once chows in fact thot on discon<inuing exposure thore was
:sracitble claaring of the mature pulmonary lesions dus to '
.maction ef ths fibrotio.*euction. in centrast, an immature

. *ru2 response consistingsprimarily of cells with little or no

‘ -

-,3ks centinuod to pregrass, It i3 assumed that following at-

- .z2mt of fibretic maturity, the same prescess of contraction

+ -.:1 onsu? (Ssction 57),

T e

r.. .emation”;‘l‘_ acbesiosis bodies ranrcsents a coating of the fibers by
.. ond tissue slementz which rzsullis in loss of ebility of the fibor .

~sduce fibrosis,

‘ﬁtratrach;al injaction o asbesiosis hodies Mailed to produce
i: twnical asbestotic tissue iesctiuy in sxpurimantal azimals
“.ctien 86). The cesoeticn of progrescive reacticn to inhaled

szestos dust soon efter exzosuros turminates may be due to the

Jueimam hydroxide failad to neutralize the fibrosing action of the long
.hir asbostos (Section 65),

S a)

Jrhzlatien of asbestos dust did not

alter significantly tho final outcons
3 experirental tuberculosiz in two pJ

sricy of guinen pizs exposed, »

14]

This interpretation is in aistinct contrast to the stimulating
fiect of inhalad quartz upen a tuterculous proceas in the lung, I
ust remain tantative, however, sincz it s based upon evidzucs
lizited (o tho series of puinea pigs expoced %o cnly one xind of
sstestos, namely "King®s flcats” (Sestion 15-20, 90). Reference to
%able I chows thut when inlection was coincident with caset of dust

txposure, thoro was temporory proprassicn of the ipfectiocus procass

with subseguunt healling; wien iniectic~ - 2 initiatzd after 26-3/4 -
vortha of dust oxposure the course ol *l.: tubareculosis wes not

(Coatinved on Pags 42a)

- "

-y,




.= :ually nltored, This latter tinding is in marked cont-ast with

.l experience invelving quarts custs or mixed dusta containing

= mrorein the adverso influence of quartz upon a tuber:sulous

;
K s.ion 13 most strikingl:s manifestod wiere infection is initiatad

' . e s e

l{ -+~ 3 yeriod of dust cx:posure, viz. suporimposed upon & background of

ticked zilicosis, As indicated above, cpplication of thia more
-:.cive test to ascbestos dust failed to domonstrate that suoh dust
oo adverio influence upon & tubarculous irfectian, Thus, thors

.renz evidence in support of the iatorpretaticn, lowevar, {4 is

amanced that further investigaticn bo undortaken fo eztablish

~oint,
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Table 1O
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100 IR €8T BALL-MILLED ASBESTOS DUST

Shert-fibar asbestos Atnospheris Dust
v Userd 3n Dusting Xachines Colloctod with Preciplitator
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Lmoondio 7 a5
st ptanoe se §0
“Lutvite 19 10
«orin 2 . 2 .
imsite S 3
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