Harch 3, 1949 0//‘ -

N
Anerican BrakeBlok Div. of A.B.S. A 7. G. k\s«"‘
Gatxe Corporstiomn _ : 1 '/’r ! -
Keasdey & Eattison Compamy b'\!_,,
Raybestos-Nanhattan, Inc, }4
The Russell Nfg. ?.
Thermoid Company (Bouthern Asdestos -

Union Asdestos & Rubder Ce.
United States Gypsum Co.

Saranse Ladoratory
s

Ve have now received from Saransc Ladoratory &
revised report (copy of which 1s enclosed) entitled
®ASBESTOS PEEUNOCONIOSIS®, I have examined this carefully
and I delieve it adopts the sudstance of sll of the sug-
gestions that vere made by representatives of the under-
writing group with respect to the report of Septeader 30,
1948. You will recall that the earlier draft was re-
vieved at a meeting in New York on November 11, 1948.
Einutes of this meeting, fneluding a list of the recommended
changes, were sent you by Hr. J. P. Woodard under date
of Sovember 30, 1948.

As the findings sre genmerslly favorable, we

have renswed ocur request that Saranac lLaboratory arrange

.for the publication of the report as promptly as possidle,

‘preforadly im the Jourmal of Industrial Eygiene, and with

14

Yery truly yours,

iy | : Attorney.

" Enel.

cc A. R. Fisher
L. C. Hart
J. P, Woodard
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; HTvwonRANDURN

LY ASRTINTORIE -
(S8arance Haport
of Septembor 10,)948)

This ranort 1+ basel upon experinents comnenced by
Dr. Laroy U, Gardner in 1937 snd notesx nnd preliminary studies
; nnde by hin with roapect theroto, Thozs experimenta ware undope
: taken parsusnt fo cont=aotual arrangoeeent botween Dr. Gardner
and n grounp of Ashe=tos Textile Manufacturerrs, rhich is aat forth
in sn axchange of lottars hetwewn Vandiver Rrowm, repressnting
tha Taxtile group, rnd Dr, Gerdnar, representing Saranac Laroratory,
doted Hovemher 20 snd November 27, 1926, rasprctively. The
lotter addreased to DOr, Uardner contsinad the following parapraphs

It 18 cur furthsr underatanding that the rasults

obtrined wil) bs considered th: property of those

who nra sdvaneing the reqoired Cunds, vho rill

i detearnine whather, nnd to wvhrt axtant and in wvhot

: nennar, they shall bo mede public, In the avent —
it S8 dsened desirahlo that the resultls be nade

pubiie, the manugeript of your study =will bte

submitted to us prior to pudlicstion.®

Dr. Garidnerts letter, & ccapting the proposnl, contains the following
paragraphs

*The Larsnac Lohorstory sgrans that thn resulis of
theea studies shall become tho property of the
contritutors and that the nmanngeripts of any
reports shrll be sutmitted for the approvanl of the
contritutors bdefore publieation.?

faversl inteorism reports wara madae by Dr. Oardner prior
—_ to his death, including an outline of e nonegraph he proposed
to prepare upon the bosis of his experinental findings.

XX X X X X R X X LN A X N Y Y T XN AN ERE AN AT F Y Iy YRR A RIXXNXY

Pange L of the Baranse Raport of Santamber 20, 1948 contains
an TARATRACT®, In the noture of # sunmary of whet is to follow, which
makes th folloring pointst

1. Th= inhelation of anhestos dust ceusen asbostnsls -~
"a prribronchiolar fibrosis vhich geams to ha the

result of pechsnical, father then chemicnl, irriteation
of the ticrun by esbestos fibres?,

<
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2, Omly the lonr Tihres praduce the fibronis,
short fibres hoaing "relativaly 4pnert”,

A 3. Inhalntion of assbestoy cuat gprarently doen not
slter aignifierntly the conurse of axpsarimontal
tubherculonis in guinea pigs.

4e Tha sshantosis body,"s specific couconitant of
ashestoslis, i balloved to provent further danege
to tha tissue by tha fibre rnd thns to limit
progression of tha rasction =hsn exposurs canses”,

Tha nualifying sdjactivaes, «hich nnke the forngoing
{ . sorewhat inconclnsive, have heen underlined.

N K On Pagan 40 to 42 aro listad cortain "COHCLUSICHE®,
1 K as followss

v 1. Asbestos fibres produes # paribronchiolrr fidrosis
/ of tha lungs of guinea pigs, onts, cots ond
- rabhlitzx but not of mice and dogs. —

b s,
-

2. The mode of notion sppesrs priwarily to ba of
nechantical rathier than chemicni in nnturae,

3. Short ashestos fidbras Ao not nroduce fihrosis.

’ 4o Pibrosis can be produced by exposure to sir con-
toining "an axtrenely serll proportion of long

Fibras®,

e 5. Asbnnton Aust dosr not "altor %;gnl h | tly thn
courng of oxpariwental fuberculosis in guinea
pinn.

— 6. 4sbentosis bhodies grem to repressmt n coating of
tha fibrern and rosult in lore of the ability to
produes Tihrosina,

: Although tho PCORCLURIOABY nnpanr to indicntn a groater

1 degros of cortainty than ths PARSTRACT™, thoy sre subject to cartain
qualifications rhara rovorahle, ~hich ¢uaslifientions are omitted
rhare unfavorakble, e.g., 4. shova, In any event it 13 halisvnd the
TCONCLUSIONST ' enr! the FARSTRACTY shonld Yo roconeiled znd,to tha
gxtent paormitted by the experimental results, counhed in more
definits tarminology.

Pnreaqraph 75 on Page 31, rnd Prragraph 92 on Prge 39,
dael with tumors nnd indicata that 9 out of 11l nies exposed for a
yenr to lonr-fibre dust showsd pulmonory tumors,. Paragraph 75
states that the leslons 414 not contaln cdust or nabostosis hodlien
end that they were™usually ' adenonctous in type®. Prragrnph 92

Vandiver Brown to the Saranac Sponsors Enclosing the Revised Report, Asbestos Pneumoconiosis (1949) Published by AsbestosClaims.Law
ACL Doc 11960 - Page 3 of 81 asbestosclaims.law/library/11960/3


https://asbestosclaims.law/library/11960/3

o P -
P
. qE
et

PPKQ 2.

explaing thnt ~n adenons {s ths bhenisn cor non-nalignant type of
naoplasm -- raneer “ning the tornm applisd tn the nallgnant type.

. Paragraph 92 nlsn indiestns that Dr. Gaminer in his notes "rnfarred
to thess lesions an adenomns™ which 18 at varlance with Parne.
graph 75 which ntatos that they were Musually riencnaltous®,

It {2 notnd that a nupplenont to thr report is intended following
a raview b: Dr, Vornmald of Nr. Gardner's drta “or the purvoss of
clarlfying the aexact natura of the lasiong rnd the pathological
naterial.

; Tha report covers twn types of experinmmts - (r) inhnla-
: tion »snd (b} injection. Theinjection experinants waer: of throee
types, nmamely, introtr-achanl, intravencus and intraperitonesnl.

hn inhnlation experinents wers tha following:

1. Txperiment in 1928 with ®Xing's Floatas azbantes
dnxt (Pupopeaphs 1L to 24, inclusiva),
A tuestion ariges ns to vhathor s Jdiscunssion
of thess azxperimonts 42 neacossary to the presnnt
report. Dr. Oardner, prior to his death,
rapudistnd them 4s-"vnsatinfoctory®.

2« Fxparinonia uwith Libros collected fro= dust dins
end serarmed %o pass 200 mesh, o which wns
added onn part in four of unground antariasl,
(Paragraphs 25 to 44, inclusive),

Y. M™xporinmt with 100€ ball-nillaed nsbostos dust
] ‘ : (that ta, which eonlainet no admizxturs of une
ground natorial). (Paregraphs 45 to %7, inclusive.)

' ' 4o Yxporiomit with lonaz fidre ashestos dust.
(Paragrapha 58 to 76, inclustvc,)

Fith reapaet tn tunors, it should be noted that those
rara not observad in rny of the aniznls subjected to the threo types

t of injaction experinontsy nbither wers they found in any of the
' types of snimals which were subisctnd to three of the inhalation
erparizents, Theay ware noted in only tyne of animal in gne

of the inhalation experinent®, It souid eppenr, therelfors, prensture
to make any reference to Yneopleosms®™ nnd that this nspect should de
mde the auhject of separats oxperimantation szpeciflically dasigned
to detarnins vhat, if spy, relntionship night exist batwesen asbestos
dust exposure snd lung tuwors,

B On Page 38, Parsagraph 91, reference is mada to the high
incidence of pnounmcnia nnonest animals evvoszed ta thn Iinhaletion
. experinents, It f{n stated thet "this sugeests the possibility of
. nn effact of asheatos dunt on non-tuherculous infaction®, and that
e *since such spidemics ere not uncremon #4127 ¢ ayen inu the colony of
= norzal? (that {s, unexposed) *animalz, 1t {s folt that asbestos dust
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doen not sxert n afgniflicant affect on the susceptidility to
non=tuberculous pulnmonary infoction®. It 13 algo stated that

the axparimamts wers not nointed towsrds determining this queation.
Por this rasson (vhich {s the smme 22 15 applicable to tha por-
tion dasling with turnors) and avon though the corclusion arrived
st ir penarally favorshle, 4t might has Aesirnble tao omit this
refarenca nending fNurlher expsrinmentation.

N N N N N T R N NNy T T Ty Ny NN AX TN AAVET AINE YT YT IR

Thowes M. Durken, As-instant Dirsctor of the Sarsnac
Labvorstory, in his lotter tranemitting copies of thn FReport of
8eptember 30, 1948, .#rites:as follows:

E¥a now plon to begin preparstion of the final
porticn of the report « that deerling with human
nahoetonis - and wo 1l have this in your hands
&8 soon as we possidbly can.” -

The erporimsots underwritten hy tha Anbestos Taxtile
Intistry {n neccoraence with tne 1736 contract raloted only to
aninal axporimentation. It 1s helleved, tharafors, that say subse-
quent 8sranac roport dealing with luman sshastostis shiould de
considerad a reparnte report, rather then = segoud cert of the
prosont report, and not subjact to ths proviso relating to
approval prlor to puhlication.

Yandiver Brown,
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ASBESTOS PNEUMOCONIOSIS

Experimental Studies
. by
The Saranac Laboratory

Report to the Johna-Manville Corporation
January 31, 1949

o 7o
"'_,~~1£’
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A

‘arious Jorme of asbostos fltsrs produew a poribraichioler filbrosis of

ho lungs of suinoa pigs, sats, catvs rmd rabbits but not of mice cnd dogo,
'

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

“hnn chsmical in nature.

L;ong aedbastca fibors aro ossential ir tho production of poribrorchial

Jihreaic; chort fibers ara incapadblo of nireducicg this rozetion,

Tynical axverineniql asoastotic {ibrociz was prcduc;ni Ly the inhalation

l . o .
of :; steoccheric sucpension containirg on aversge cf 138 rillion perdicla

Toot of air of which omly 0.5 ceor cent consiataed cof fibers
10 miorcrns ’ y

e dnrzn::.on of exgorur3d raquired to coveiop tiac pulmonary reacticn ta

-ahnled aspestes duct is anaversely propartionsl o the cornceatration of

iong fidars in the stwmosphere, viz. as ihe concentration it increased,

an reaction dovwolons iz anorter %ina,

Usucblishac <wcerimontal acbestosicesuss to oTCEreod on discoutiinuisg

-

aupeEurs T the duse,

-ae formation of asbestosis hediss reprezonis a coating of the fidors by

“lozd and tizsus eluments which roaulis in losa of ebilit ty ot the fiber

3 rroduca Mihrecin,

cdvziaun hGyocoxids fallzd $o neutrelics the i brosiag acvien ~f the long

oroasieszol {Seetisn 255, )

-dalatisn’of ashssitos dust did not alitor ad aificanstly the fined cutcome

“wpermantal tubercullsisc in o scries of guinea gpigs axpozed,
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( 2. Introducttpn.

.‘sabooto?b is a form of pacurocconiosis rosullirg {rom prolonged inhela-
l: . .‘ A
tim of aabelfoa dugt. The zame aghbagstos, litsrally "unburmable,” i3 not

that of & part Sular mineral but is a term applicd to a nurber of different

L]

Qinorsls whoss ‘{haraoteriatic feature is a structuro composed of long, par-
ali:zl, i'lexii:ﬁi :»ﬁ.bers. This structure i3 umique boocuse thae fibors ars

capcblo of repegled 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 gsufficiently {loxible to be

spun intd yarn and woven on modificd textils mechinory,

3
<

. <3beatos ’incerals

“hc asbeatos mizerals are silicates of vorisble compousition and belong to

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

( verietiosa,

tmohibonlo Grono

Anthophylll te : (¥g, Fo) uilicate

Anosite {1z, Fe, 41) silicats

Azphilola (Ca, iz, Fe, Al, Ha, X) cilicats .
Tremclits (Ca, Ig) =ilizate

letinolita (Ca, g, Fo) silicate

Grecidelite {Za, Fe) zilicate + Fo silicote :

Sornentine %roun

o oo :
Chrysotile Iz silicato (hydrous)
!
f, i
o,
/: .
- s -2e
L ) t-’ :
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The bulk of the asbestes of commerco ia chrysotilo, 220.25103,2020,
which is mined in the Thetford regicu of the Provinca of ‘usbaec, Crocido-
lite and amosits are also uaed cumuercially tut in much smaller umcunts.

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

po;if:icn to ohz‘:féo‘hilc‘t-nxt which oxists in masasive form and is made up of
.";‘Lcroao.opi:;:- £idorc without tha parallel oriontnt;icm characteristic of chryso-
tile. Ihs— maggive blue black serpentine, which is a:noo_th and soapy to the
tsuch, i3 traverced by voins of fibroua chrysotile varying in width from a
baroly jerceptible lins to six or more inchss. The fibers rum across tha

*  ve:n and not lengthwise with the Iormaticn,

Attention iz directed to the minar;l brueite, ig0.Ha0, which is often
found in the same foruuticas with serpeatine end chrysotile and may be fibrous
in secrvcture. Tt has no oormorcial veluc at present beesuse ita fidere are not

sullcicntly flexible to bs used in toxtilcs but tkey ere czpable of rzveated

(

-nzitudinsl subdivisictn. Unlilos other asbostilorm wminorals, brucits is not a

siiicaze snd Sor this reason it hes been a valuablo tool in an oxpzrimental

-b -

sew Sy,

sviiuation of o actica of [ibrous ninerals upon lung tissue.

v
SAXYERIMONTAL AS3ESTOSTS

Fer many years studies have boen carriod o by tho Saranuc Lzboratory in an

‘e g )
‘-I\ﬂ "o = a

erelgatien oo the cmuse, aatuire and developazat of asbestoniz, Tho present

Te33Tt i3 dovotod To ixperinontal sabrsinsia, In it are deseridad the animal

vxzericeats with varicus kinds of ashestos dust, Snother resert, to ba prupared

* -o
. cteeem

1Ssucd later, will bo concerned with Huran Asbestosis and will covar tho

".". - [ . . :
~22lth aspeetz of workera who have been cxposed to asbes® - dust in en induatrinl

-1.'\0([ T nsnt‘
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~ltiicuzh astestosis in waa 15 a chrondc dizeass wmich resuises years o

. rreic), it ie poscitlc Lo revroducs in one o :ove wsacies-of animal character—

Y

3is tissue charges vhich are similzr to bthe lesions of human asoestosis, OSioce

“to tife-sran or the experimental anizal ig relatively chort, it is not possible

5 < :valep Vo charccteristic lesions in anix=l3 uzder the usual industrial con-
'y

A%tms. Cencequently, to obtain a complate avaluztion of the tissua response

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

»oacsion by erploying hizner concentratiosns of dust than world ovdinarily be en-
~ensirsd in industry. Yhile cenditiors of exposure are thus different, tha
\

nnlimavion yieclided by experizmonts milh anirals is invaluable in furnishinz a

Cetier undsrstarding ol the reacticn of %he human orjzanisa to innaled asbastos

S,

i’ *. Irverisanval Uauhods -
or iaveuvizaling tha biolegiczl reacticn of the experirzontal animal to the

' wirisng asvestos minarals, tvo Svres of technigque hare heen employad. ramaly, the

, . s

M R S T T L N S S et 3 me [ s P .
<teellon nonhad Lao uhe lnjzelion asthed.  In inhalation siperimcnts, groups
or Laizalz ~ 1m0 LD or wore puinca pigs wnd sometimes smaller nuusbors of
“llC, cabs, ¢o7c, iy oF mics - are tpit Jer eignt howrs a day in = cubical

a ainensicn, In walch a cloud or s3cestos dust i3 cainseinad.

cevegen s P
TINL U0, 2AINT TedY

- 0 - Ml o tes o gD B o o

‘el

ooLhgrvals dwing the exmorizieal, o fow snimals are sacsifized and thae tiesze

st Aam g 2 - -

Tlen 1o drnormine the asture and ondand of tie dust ozction. Sote anirils

- - - . - . [ P Bl - ®
T2 onmessd eI nErials Up LS Larse ,2Ers.

v

ne tnjection ceperimeznts, in “ehich

iy Aer ps P S S S . R S P . RPN
s 2Lvear Ty o ocugpended dn fluid, is introivesd inlo the animal - the

eeTirencus, lnuraparilinesl oo introtrachosdl procedure, are used %9 datesming

e A, - st 3 e e ) ae vatps gmas - < 2 ] i
~eTET nSL 4 zarnoular dusi pes o potontial esnscilit 4o predfuca tissuz
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.

. (Long-‘ber: inhalatian oxparinents furnish informotian upon which zraat reli-
3n08 i3 pleced whon ostiputing the degree to which a duat mignt be huzerdouna to
igdugirial vorizers, Thethor 3ar nod atwsnhorie duast, cven though potontialiy
Jdanzaorous, oan 9 inhaled, pass the uatusal defzuse barricrs axd reach the pul-
=onary “issuc in gquantitize sufflicient to cauco darmge cay be dotormined only by
inhalatioca grecodures,” Injseticn osporimesmts ars ueeaful because in them contsct :
totiioen the duct particles and tinsues is assured end the potential capacity of
tho duat to procuce rsaction can be estixatod acouratsly, ¥When dealing with f£i-
trous minaral3 like asbestos, tho intrairachenl method i3 valusble since it per-

=~it3 observing tHe offcot of the fiboera oa pulmonery tiasuo,

5, CSsecies Sugscentidbility

Uiniile free cllica, ashostos does not oxert its spscific offzct im all orgens
ol all zpocios of animal (Table 1), Iajection of fine quarte into waricus organs
cf tho mdpea pig, rabbit, rat, mouse, cat, dog, chicken and even <adpole will -
dratnco 3ilicotTic nedules, Howover, cimilor injccvicas of long or short fider as-
h23t03 have roe:liad ia a r'ihrouws rcaction in the lumg and, tc a leaser exteat, in

-8 erzvomeun cat sot in othor organa of the guinea of)3, rabdit, cat and white rot.

+40 W5 and while nouse failed to resscnd, This varintioa in Specics 16 yet to be

escenmeed fer,

T T.eulier Charestoristicn of Azbastos

~=poricnco has dumcnsiraled thet most of the gariiculatc mattz: inhaled into

=8 1iC53 of imn esd wnival is 10 oicrmo or 2035 in maxdma dizzmovor, Larger per~
-~

Lcles toparontly ars excluded by tho protestive mechaniza of tha upoer rospiratory

:'
4
5
n
-

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

nd 9
LARSS S

43:r3 130 and aven 200 microas in lengih hiavo bocn €onnd in the terminal

nil" n gy .y - 3
faccs of hwenn lungs.,  In small latoratory anirals cxpccod to usbestos dust

20 e

s

Im@ length of fiber found in the lunp rarely exceceds 60 micrens.

Sot 4y -3 . . . . .
ory “ind of [ibrouc material iz inhalacd with cqual reedinecs; for examolo,

-
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N .

( St omsezeic fibers of ciass weol apmrsorbtly vk Loo inflemible to pass easily -

JamIrgn LA esE, Tharysz, hracnze and wrenshi ond seidem reach the terminal

sanchiizles ard alveosli.

o

Ishalzd rariicwicte maller comas £ rest Siworgnuat the terminal a2ir cpaces
‘alvroiace deet, siria, 21vooli) in all perrs of the lunzs; inhaled asbestos ribers
Lo legh o resiMaad in bz respiratonr brarchisies. Thsse vary snall tubes are

Pecam

.--—-L.-L_-Ia 3 W7 di -

i %o oronchicles lincd by silizled epithelimwa. Their own essen-

e X7
.ln
fe
]
s
o
!.;.
b1
1~
"
Qv — e
t-’ .
r.
o’
o
f:',
K‘;"

£ epitheliom tut, as their name impliss, they

P s

»oreunlly Jvzetien in respiraticn throagh lateral alreoli givenr off as pouches

siones shoiz srallin.  ither these wouches, or thz abrupt change in the character

’
*
*

~2 lining epdtheliiuxn, or the decrease in éizmoter »f tha tube, or perhnps the

Frelaenisa of all thirze faclers i5 rogporzibls for loczl retention of the innaled
iier. Taly aftor astesiesis is woll estsblished are apprecizble nusbers of fi-
-
( ‘ers carried into tae zcre peripheral air spaces.
do 0 3%3 of Tiecua Reacvion to Asbesztas Miborg
- 42 PIUe o7 tigssue reacuion Lo 22bH2310s 1 ruch e rapid then to an acuive
“usSt Lk qrartz.  Z7idznees of tiabue ranponc: awzesuar u8 socen a3 foiors have
-2enlizad in cuffcisat concentralisn in tpacific sreas. In rats roceiviny ssbes—
; N o fmden bon el . C e
S8 Loers b inurcbeachoel dnjzesion thiz svidengs i Asilla oo early ¢35 two
‘e 4 - S S peem e 4P - PR . . . -
e alter irfzeilcn; for quares dust che lanzad porisd mizhi be tuo norias or
“a=n .
'k . . . - - -, .2 (] . 3 g . p) N
-2 aeanvior of Lhe cissve reastisn 4o wmndod dash after the iormination of
YWenr2 is new e iame in silicesis as ip asseciosis.  ‘nosilic 05is, the young
cAare’ iy 3 » . 2 *
FUSR.LS moeome larnes; in asbastosisz, rowns srur bissie.bunt may nave foimed,con-
TEC.3 Ind Tecomes-adre dense Lun €h0 orew ol avoivesand ecreasss in zizo, If
PITO LT 23 mihessas Iped g - - : 9 s
ST et Zhizens Jest i3 tertrinatad alteir o ULrief pariod; Sha vocentl/-ichaled
G-
[
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fitors in the lung pay cause 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 Bodios

Tka poculiar structure knom as tho :;.sbeatosis body or curious body i3 a
spocific comonmltent of asbastosis. The typical body is a golden-yellow, beaded.
or rausirated rod which may boa either airaight or curved, Oftien one or both cnda
ars tulibous like a dumd-bell, Ths bodies wvary cmsiderably in lergth, and
direncions vp to 2350 microns have baen recorded,

“t i3 beiizved that asbentosis 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 in tho former, probably tecauece the larger- .
cizec =ir iubes adiwit fibers of proater dimensicz., i cabs, rakbits and mice thers

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

.
-

41

=7, n ra:s-nnd dons no Ledice could e discovered, Although the evidence is
taTinnlots, it mpoears thot the formation of the acbestosia body prevents demage

W =he tissus by tho Mter,

L.
hs

ITLNALATION BN 230

.

-

b
“
-
]
<

-CUr <

c:._a_rshenrsiva inhalaticn exporiments have hzen conducted at the Saraneo

=*SerILry wilh vorious forms of asbestcs cust., Tn vach of those investigaticas

de Pt RS 1NN fed gy & - . : 3 < ' 3 : 5
=3¢ 'hrn 182 anicals were uacd and the axperizents wero carriod on for periods

TTRRArz froxm 4

<3 mor~ than 5 rears, Tro four Zinds o asbastes dust omployed

LY {.erpi e vees % emred s . . .
b-erfiflec a3 dingis floass, cherb-fider, 100 vor cent vall-milled, wnd

VIn el

VoA - H
1.3r ashosten duos.
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- XI
INHALATICYN FXPINTUBRET WITY "IING'S FLOATS" ASBESTOS IIST

3 Pirst ichalatlon oxperizmant cemducted at +hs Sarenac Laboratory with
aghogtoa dust was begun in 13023, irimols inhaled tha duat for pericds up to

zoarly three years and some guinea pi-~: lived for about four yoara after their

Tt B o s e o
*ra e . "

firat exposure to cdust, A prslizineryy report giving observations after 29

-de

=catha cf ezposurc uppeared in tha Februery, 1931, igsue of TIE JOURNAL OF INDJ-

wse wo

STRLML IICIZNE.e 4t that timo obcorvaticans covored a periaod cf caly 2-1/1 years

B 24 tha cwaclusicns as to the ultirate affcots of inhaled asbestos dust wero
! srovisicaal, Desults of the comnloted study chor that most of tha ccnclusions
t

srswm ia the areliminary report ware substantiatod, A complate reviow of this

~xasrinomnt rollows: :

0 Gusting materiel wme a commorsizl variety of asbestoa cdust lzevm

M4

#ing’s flonts and vwes oomgsosed of shiert fibers and psrvisluas of
variadir stie, T4 was obtained f1rom tho Zhetferd, Nusbec plent of the Asbestos

CYercarecics off Juerien.

-

<. he ¢uni cemsoaiticn { Table 2) revoals Thnt the smouns of {ibrous chry=-

solile wus exly 14 vsr ceat, » rather low value, ticover, there was

Ty ftiag Bl S . 1 3 3
futiiziaat Jidrena matoricl 45 reducd a cherastoristic fibrosis,

S e A ed e MY AP WP S g WP

e e —————— L S
-
1
-
§
(2

I

Q.: -, nem . . r N () s Iy
reooed avn sembratica ab first wns guita lew ond Tor impinger sauwples

-

==7Tn scar affer the crperiment was stortud, tho aveorago light field .

CURT U the stasmdew—n ) . ; . : .
RZ S7 the standsrd tachniqus wac only 6.0 millioa portisles por cudle [foct of

air fm g AN : ’ .2
o S apreeizile munberE of lorgo particlaos (or [iders) alse weres ~rescat, as

et i T Y

TN 0N Nt cTeny et - o g e —rpe  tpe : . R
W e TRELRTITOUNL, FILUTORNIIONSIS, VIl Imhalaticn of fLabestos svst.  Gardner,

ey 3 Cignmdnmn, o1 s mos o .
’ imians, TN J, Iad, lyg., L3 £5-01, D7-dl1, 1921,

-
b4

B
ey
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snovn )7 an average coutt of 0.8 millien ror particlze greater than 10 microns.

Liter iz imhalsiion ewsariment Wzl boen undar wey for zbout two ycars, the spsed

af ¢he rovehing racdie in the dusting machine was increasezd and for the remain-
int 7 or 0 woaths of tha emerinent -~-3siderazbly rore cdust was dispersed into

v,

L &LMO3NASrE. aAverage dusi. counis o~ impinpzer scmples collected after this

MBI A T Ne N

.7 xillion for thz usual light~iielid weilicd, and 1.0 nmillion for

" wriiclas. lnrz e than 10 microns. .
2 '
i S

13, Toactica i Admzls to Inkaled FHine 's Fleats® Ashastos Dust. Resulis

e The

ol e inveatigaticon, brizily summarized in Pable 3, shiew that irhala-

. .

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

R I

o owinea pi;s but n:t in raccits or xatas.

3. Guirz:a ?ier. Soven groups of guines pigs were used. In three groups,

the effect of a centinuous and of an interrupted dust

Tewte Tas soudiad: in Lo other groups the relationship between infectica and

<23t amrcioe tas Livestisatad. The remaining two groups were irfaction centrols.

-

17. Rate and Tymo of Peacticn. Guinca pigs inhaling this dust for periods

up to 32 months developed a characteristic

"o TIS.S doeewrring Ir zenical paiches avout the resoiratory bronchiclas. TDuring

ey LB ST PO ARS Au el B S B D 7T/ (T A PR BRI P

—— ). . . .
“Fasura Ghe zovdphieral alveoll weie not involred. The rarticulate elaments

S uese tearsportzd 45 the Yymrhatic svstem where ther causad no gigni- -
evantoraneiicy; tha fibrous =lsments remaiued rixed at the site of original

i warce seldcm catected in the lymphioid iissue. Fleurisy and fi-

W e @Y em v S e enilire SO W 0e g &

SA%ig 0 b e . . . s <
RS 33 e uenia verc observad cnly when infection comglicated the process.
~ter amoanure oF ooprexisaiely a year, a sm2ll cmeint of cellular reaction

eon mre

u:xd abeut many respiratory tronchisles. &3 more dust was irkalcd,

<scwielite in tne same loeaticn and later 3tages of the disease

G
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-

consistied of extansions of the original lzsions. New areas were not involvad.

sorarentiy, the inhaled fibers wers caught in the poclkst-like alveoli that

crz ciran off from the lateral walis of the respiratory breonchicles. There they

~pre zaiagocytized and many of them wera carried into the wall by migratcry cells.

A e %t

sncnuslear leucocytes attracted to the zrea caused an appreciable thickening of
wa esgncaial wall. Afder 15 nontha a dalicate fitrosis made it appearance.

e -rocess evolvad 30 gradually that mitotic division of iibreblasts could

Y T S LR o 7

sarolv “e dizcovered; nevertheless, the numoer of fine intercellular collagenous

vils=g (Iitrosis) 3beadily increased. As this fibresis contracted, it partially

TaZoe tha dlve 0.1, and with this atalectasis bhe lining epitheliwa assumed its

meromic cuboidsl form. The resull was the adenoma-like appeerance that Willis

; se3srisczd in suinea »igs inhaling silicon carbide. Tha longer exposures resulted
. 1B $
f mut e ~:u"", thickaning of the walls of tha air spaces, largely dve to an in-
3 -
E rraase in the zmount of fibrosis. The I[ibrous tissue always rerained cellular
( W omeea> tagmed the avalinizmation characteristic of cilicosis,

Badoddh e o T ion 3

—ve . °23151.  Tho rezciioa preduced in e..,,osed guinea pigs did not pro-

— . e v

gress cignificantly during a subsaquent pericd ef 37

-‘--\-

SLhC vmen the animals lived in a aormal atmosphers. DBetween 8 2nd 11 ronths

-y caaey ., .- . -l L. -
= yoie [ W T T RE e-l the eeulir r2zciion had besn complately replaced by

P otrands of Cibeovs tigsue.  Jbservad still longer, the 3car tissue decreased
<% eTwmtoenb dn 5e leut antinzl sacrificed, 37 mouths after disiontinwing cust . :
YT oanre, omg Jlroosis was still visible.
=T Izfretion ioineident with Just Trhaiation. Of the group of 49 guinea .
) pigs infzeted with acten~ {
AT trTareln cieileg uly streiny 31 disd or were sacrific.d before two jears ‘
Tomiry ama )

nd —ere reprrted ia tlhe ponar by Cardner ind Curaings mentioned

~1C-
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=tove. Saventesn of thesa died f-om in!:rcurrent pneumonia. Briefly, the ré-

( sultc were as follows: 10 revealed somz evidence of spread of the tubercuious
=roeess; in S of these it was confined to the lungs and in the other L the
-odo~inzl viscera also were involved. Usunlly a slight local extenaion of the
ti=arcuious infection had occurred but subsaquent tealing had resulted in fi-
~0z:3 cl both the pulronary Jesion3 and the secondary lesions in other organs.
. {he nealed cu.'.pona.rv lesions shomnd more fibrosis than is characteristic of
~ithes S rﬂu.csi.; or z23bestcsis zlone.

"2z 7 aaizzls vhich were still alive after two years of dust axposure were
-acri.iced ad intervals during ths follewing rear. In L of them the primary foci

A )

S infaction rad healed with fibrosis and oven calcification and there was no

-

’ ~vilence of progression. In the other £ tha tuberculous foci showed evidonce of

,  Tanny trevisusly spread locally: in k of them it had healsd, by the time of

( sutsrsy, with excessive fibrosis; in the othzr animal thera was a generalized
Inronic tunareculcus pneusonia in ore lote and isolated primary tubercles, waich

wer2 ctill astizs but kud not spread in the other lcbes.

-
o040l
- -

ancs oi extension of Lne infection was {first seen after 7 months of dust
rralition; during the next 2C months more ihan half of the animals showed an
wevivaly sprerding tuberculosis and in 3 of them snal) cavities had developad.

oot
-

~' T tha last 3 nonths no animals exhibitod any evidence of activa infection
8% {n nzll of bthem the healed fibrous scars of - srevious exton siere Ob-
.-l o Tt &

=Ly per cent of the guinea piss with spreading pulmonary tuberculosis

shewed tudercuissis of the spleen and liver.

~7. nfection wperiimosed Uron an Rstabliasked Labestesis. Twelve cuinea

- ) pig3, after in-

R . .
w7 LShedies Aus

Yor noarly 26 montha, wer=z infectad wit: tubercle bacilli and

.!L.on haltiid o : . .
TeTc7ad L3 notral air. Tho subpleural tuwdarcles in the dusted animals wera

-

~12- '

\ad

n aikarh’ A gt REA L oo

T
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( sre numerous than in nen—custed centroiz, bput 2 considerable number were
aud in the depths of the lung about foci >f asbestosis. The raaction Lo infec-
or. sacw:sd only slignt local extension about the origiral sites in ths lungs
4 Srach2otrenchial lyrph nodes. The abdoxinzl viscera were inveolved in only
e anizal. Caseation »us found in tubercl:zs 1-1/2 months oid but by 5-1/2

Y

3o s ib had cecomietely diserpeared, leaviag aniy scar tissue. The latier still

ar:izted in the last animal, which was %illad 1 .ontlis atter infection.

). Lsbestcsis 2odies. oderata nembars of ssbestosis bodias occurred in

the lungs of the guirza pigs, becoming more mumerous

=2 -ore distincily seguented in later montas,

-~
-~ -

22, Tcbhits. Rabbits exposed to tie isbeston dust for perisds up to 19

( tenths developed & lev~3yrade fereoign-~body tyse of reacstion but

> Jltrezis. Although their lunza contained parvidculcte elements of the dust,

“irers vare not vrosene. indicating that ths wuper raspiratory mechenism oF the

=2Xh:% L3 zdecuaic to exclude fldorous foreim bodizs. Two rabbits, arter inhaling
=2t Jor % and 18 nonths, 1ived in normal air for more than two wears. At autopsy
82 "er iaimal showed any avidence of cellular reactien ar f£ibrosis in the term—-

-Ra.. Troachislas nor wera Lhere any asbeaitociis dedies.

~>. Zats. 211 %re wnitc rzus had 2eqdrad aa infecticn, resulting in the

formetion of pulnenary zts:iasces, “efare they came. o autopsy.

17, oo much iieavy rucus obstructa:d sheir bronchi that very few fivers

-2 :avy entered their lungs. In a fzy o the rats, an occacional ashestosis

-XT ra3 Lscoveres but thore was no fibrosig.

-12~
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="lL sromore and Thternrmanion of Ithialabticn Suwparinent wath Xinelec Tloats Dust.

Tao Lindings i Vhe wporirent ooin Zing's flsats dust can te swwrar-

-t

.zea T iepe hhras headings.

. -

~yp - N ] b ] PR} 2.
b CPaeh af Uhie inhizled fdnst

(8]

n normal onizols, The Jilng's floats

duct caused 2 charac-
o perdtrorchrolar £l0reris in cwdncl pips bub 2ot in oIEdits or rata. Ths

< v,

Uommrrz @33 not smagress after Sho dust exxesure w2z diccontinued aad tha guinoa

C ot cearefareed Bo normal ir

-a  PLuon ot Y2 inkzlad dast on tubsremlosis in zuires vips. Tn guinea

nigs in=-
Sette ot aolaimaoed Tabarcls vaecilli - sné then plzcezi in bhe dust roonm, the
o T Tr2 wmay osariable chan ds uwswal L o2n axperimeat of this iype. A faw

<IN PO no ciznm oL zrexressicn; in most of tien Lthere was svidence of tea-

TITwrt CUTvreziion With subsequent hicalingg in one animal there was continuous ©
TEYTITr s A2 ddzesh, Aooantragt. sthen suinea pigs, after being infsctod. ara
a2 < TSR CnnTNd ol friaslol duse, Uhe dnfcetiovs proeszs conbinucss to
TRt ona . iy sauses e aAnsth of dhe enfnzla. Ca the oiher hond, ex-
TEITT T owlelnl rinln co s nammlase Justh Liks enleils or gyTsum does Mot
oot gerenanive o0 che lnfeelicn, Guinea pigs inlceted with attonuvated ;
WLt il MLy Cae sarmiantica of shonl Lyo vasre! annosur: Lo asbeaton
%" T L L Y et L e L R > . - - e 'y T} 4 3 > <
= - Tl oz s vrrmrosaive diseirse. T anlr amadificavion or tha indectiss
)
a = - .. S s, - - e Y magm Y e S piem,y - N ~2 Co 2
g -7 v o linn s, n Jaw Laciill boing eeiaingd L the Ditrovs teraiacl -
- [
el e U ommdey vanrel Ly thece in 2ddiltion o the usval fnei temoata e 1
e, -
- . PELIR ! eeeqe -, . . . o " o - h
' TP NIrLAD LIy, wie URDLIAL albnTs o) Yhe vaspoase and tho wigh
~— -y ae . .o ) . -
. Pl ot Lahsloureeac wozuoondt it i 001t tkan leriaite conelu-
L1 N - [ : KL . N . . [ - N - et
' s Lo NInen o esbeatod 94 YR Crursa ol sutscculour insestioa arg
.. e, .
- c.l,
I - ~il-
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v
TIJALATION EXPERIVENT WITH SIORT-FIBER ASBESTOS DUST

, A

{!

$inct hasardous dusts like quartz cio moat offective im producing fibrosia

ahen ths perticlos are 3 microns and lssa ip 3ize, an inhalation experiment was
-arrzod on to dstermine whether this condition is trus also for asbostos dust,

It 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

raocoouse might bo initlated and en advanced reactioa obtained in a short time,

L D R S e e R M Y

e

“ha orsvious inhelation experiment <with Kizg'c floats asbestos, which contained C

PP

203 Uroa 1 mm, to 1 micron or less in leazth as woll as e grecat dsal of par-

TR

ticulato matter and vhich sroduced a typiocal peribrenchiolar fibrosis in exposed

uinea wigs, scrved oo a basis of comperison,

20, Tha ductinz materisl for this oxpsriment was forwardad {rom the

zn7ille nlant of tha Johns-ilunville Corperctiza. It was the remeics
*¥ fiders collectsd in dust Uins after o carding oporation end noreensd to pess

- Jfez the materiol 23 rsceived cantainsd many iong fibers, it was

[7]

stazl wall mill 4o roduce practically sll tho particlas to 3 miorons

TT T3 on zise, Lhen used aleze in a standard dusting machine, this finely-

3

YT | - - - . . .
= 3ce3tnz tended Lo pack in the lwpoer and it boecruwe nceossery to min one

L R IR Y

- o) ., . - .
UR3 2T the mgronnd materind with thico volumes of the grournc to gonerata a

wLlStnenarr Ay s = . < . -
RenaTy dunt cleud, The odditicn of the =mall guantity of ungrourd asbostoa :

IR araps . . . .
LErosjats beoauss it ecalused the intorprotaiicz cff results. DProdably the

TlRSr aAss - s
\ennt of reaction that doveloped mus due 4o the loag {iders in tho rdxturo

TN AAY A P S . S VI A R VN O IR ¢ A7 R S b AT L VTR TR we e g

e i h RN LA s Al B W WA & S

"L'_.',(‘u; - .
sh tha data of Lliig experimnt co nat prove the point.

A
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(7. The cecmrosition of the short-{iter asbestcs as received 1s disclosed by -

the chemical and petrographic a.nalys"s agiven in Tabls L. Samples taken

ceicre ond aftar grindirg yiclded avout the same values on analysis, indicating

Ltai sazre wvas ro contaminzticn {ronm the m:il or loss of water conteant,

3. The dust concentration varied somewnat durinz the experiment and light

Z
/ 1 riz2ld counts for atiosgheric samples collsctad ingids the animel cages
¢ 3
4

wi;:’

i “= izpinger apparatus ranged from 83 millicn to 182 million. The average of
~3m%s v2s 130 m:bll:.on for the Lfirst y‘ear of thoe experiment, 134 million for the
\

. seennd vaar ard /llho million for the third y2ar.

[y

-~

-7+ Zize~lroouency measurements of air-(loated dust from fnside the cages

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

]
ticles (lable 5). Hearly 90 per cent of ihz particles seen were smaller than 3 ,

~icrore,

-

» eaciin in dnimals %o Inhaled Shart-Fibar

Asbestos Dust. Four species

#nimalz - guinea pigs, white rats, cats znd rabbits - were used in

".‘he. resusts of tha dust exposure, which are sumrarizad in

y i1l t2 considered mure in detail below.

e o b ~ o ey - 3 3 e~ Y S o
-ee Z2or . izs. Eighty guinea pizs wers originally placed in the cust roon

of then wwere later clindinated {rem ths exporimont
e iy oy

)
R éi‘:\j ol anlarged 1l;ima nodiz. Of the other 59 anirmals, L6 remained
8 4
-

FSL I bl ther weove

@3 vacrifized or dicd {rom natural ccuses ana 13,

.
- e i
- T led FL teem

P eeROTL L0 st for 20 wanths, verz tronsrerred -5 a normal atmospnerag.

)

2. anc . r;v._.. ~ o, PR . . .
1 2 nf Pr ree of Lissve reaction to the inhaled

e 'l m Y
TR Jrrctiosn., Tha o

~ig-
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shorw-siter asbestos was essentially the szme as that already observed in the

-

-—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 and after 16 to 24 months of exposure only a very few small foci

1£ scaction, which genarally required microscopic examination for detection, were

P

reauced in the guinca pigs.

ahbng

T T N R R T e T e IR

‘a1l exposures had continued for approximately ona yesr, thero was littles

-amency for cust-containing rhagocytes to collect into clumps. By 16 months

~n2d%tes had bogun to collect about the walla of a few of the respiratory bron-
Aeales vith o 2itsle proliferation or infiltration or moromiclear cells in these
-Lis. Thern wers a2lso soxe mltinucieatsd cells out thery were always of the
sore Srroimn-dody type. At 20 to 2k months the cellular clumps were sometirmes

fuiie marved ¢nd 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 picturo. In the latter case, the

Tollogen was.;al2 in color and tenuous with ro heavy swollen hyalinization. As

e}

wn7 rils describza Dalcs, Lhe ziveslar %alls might te made up of 2 tand of
*a! Q™ e Y e -~ PR 3 », . . . ,
M- er supporting o layer of epithelium, bub wath no contained capillaries. In

"N oLrictestrencadal litph nodes the rezciicn was uors pronounced in this experi-

SV L PR AT W WA fad 85 4 LS IRE S AP '

P e

«r In vhe previcus one with Xing's flcats asbastos, protably because of

‘@ trme -

reacorniticn ol za exceuss of fine particles to the nedes in animals inhaling

- -y -~ < K . . . .
*=-.<2F asoestos.  Tho roacticn was essentially an increase in reticulum, rather

i L Cibepse s . s . ‘s .
© +=<TOSL3. 7ilh preservation of the criginal cells tetween the thickened .
Te-o M Lldirs. Diffuse chronic pleurisy withoui avidence of pulronary infection

I et L = - v pra-c- e
.

PECIE TN SPY gt W N
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C

3, Progression. In the 13~3/4 months following the cessation of 20 months!
sxnesurs 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 diffarent animals. At Lhe end of the dust exposure of
- zonths two pigs were read es + and one as 2+. Among the 12 removed from dust
fizdings were varisble: in 2 thoe reaction was %; in h it was +; in 3 it was
; in 2 it was Le; and. in one eniral it was 5+. It i3 quite pocsible that those
_za bhc most mavriced changes l":d :ilrcady' developed more reaction t.han ths remain-
r 97 the tire exposure c2ased. Since ths more severe reactions occurred spora-
‘::.:‘.1.".7 =rd tore no relationsiip to the lenzth of tiz!xe arfter cesczation of expo-

= the diffcronces ware attributed to variation in individual susceptibility.

“iz vica received sugport frem the chemical analyses (Tabls 7), which often re-
‘eaiod ccaparsble a;:r.aunts of zsh and silica in lungs with widely diflerenu amounts
“issve change. For exanple, the ash and silica values were quita similar for
"Rree arizals in 2wt 20 months and then in normal air 13-3/k months, yet the tis-

e roiction for e 2nimal vas bty for oncther, +: and for the thind, only *.

4. Asbestosis 9ndiss. The fzrmation of asbestosis badies ~vas at {irst ex-

tremely limiled. After S months' expusure only a
TeTe sare short body could ba feund, ueually insida of cells. Around the finest
atracelluvlar Parbiclas there wera yollew dopesits having the sazs color 23 the
82312:213 Dody. ioosure of onz year hzd rerzitted an ceccummlaticn of wany lornger
TTofoeut thich the agtestoesis-vtody coating devoiopzd. Lost of these were .
3Ll ai—.cvr‘. cnseia to bo rartially or entirely witiiin phagocyeic cells, By the

“tne e

se.l rerth ansd thrreaiteor, thor were coxpiarativaly nurzrous although still rare

L
S limirisen okt

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

~7-
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3. Uhite Tats. Sevanbty-uhirce whiba rats were awposzd Lo alnospheric short.-

-

fiber usbestoz dvst Sor paricds up to 32 zenths. Sacri-

122033 durdng the first 10 wonihs were mace bimonthlyr and Sor the remainder of

~o evporizent at less frequent intervals.

(2.3 2ata and Topo of Reactisza, The cust ce2lis until § months were widely

)

scatiared and odsted in foci only sporadi-
“mny  lcactica was limited Lo occasional slight thickeznings of the septa about
=il aectzmiintions of dust c2l2z. In a fow rata ab 10 ironths, there wes i sug-
::':'.-'i.nn' ol carly fibrosia but tie change waa So alizght that it Tould prooably bs
Teriloizd withous thie clumm of dust cells to atiract attention to the arza.

a0 andzalg Tore exposad Srom 12 bo 22 mendhs. Ia eash of ihen ihe ilungs
aasuny vanuwle patehes of well-detined £ibrosis alszrituted lika that ol asbastosis

L owNioet asboashosis todies. The lesican, visitle caly at a mamnitfication of

nictars or wore, consighizd o patchonr along alveoler <ucts in vmich the walls
ToTTroar riceis Tera very nhlck, due Lo awlilen nollazza framovoris.  Cowmuactive
Lamta wid B voeda2lscaowsie silver irenaraiinons revealed complete loss of capil~
<o oaed locsoly.  Cubside tna coll:.:,:;n was a Lo loyer of epibtheldizl orlls.

323 U111 woY reserdle the Yadenoratoid® changs chsracheristic of guinea pig as-
fRisiiie Un plaurisy wes praosent.  dlonr e lasisns the adr spacss wers Uilled

e SRERTIAS comisining xay Lo reltew particulats cdust ond @ rare long nakod
Fllge,  Carend searcch failed Yo ceveal even @ suggestlion of cn asbesto-

% BRI SSelr L mmves i (v -l e ; g
i te g nocensoironenial rodes sacwd cowpuct focal collsebions of nono-

et kll3 s 32 months ang, ab 20 months, some difltza thickaping of Hhe

feticwlnm. Tan .‘.:.‘.-.'.' raes thers vas cefinite Zidresic aleng tho marzins of the :
TXe i uminding into bhe wediastinal oroolin Biasue. Corpored +with 2 resvensae
N eilon gnois “ika racuz end cnard tie mzcsion ha chers-riter asdestos was

SRl ciste,
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( T2zulls of chemical assiyses made on tia whibe ruats are given in Table 8 and

-2 «w2rage values have boze habulibed in Table 2 for comparison wiih similar

e Vet wdh

£z ©ar rats inhaling culier dusts. The concantiation of atmospheric particles

ilch the znimals Tere zxpesed waa anprexinataly tha same for esbestos and

ST liCu v

w=nt13 Jor tha grpswa-querts misiure, it ~as about twics as high and for chert

{ oo . ~ .
e3 high. It i1l Le noted ihat ihe peveesacages for asbertcs are lover

Ll Tocss Sorppuacts or chers but are siadlar to ithiccz for ths gyrsum-qguariz

-..~re. in wh¥eh atrmospheric agglutinatior. tended to reduce the amount of dust

It aziznt B2 inferrzsd that the total quantibty of asbestos dust inhaled

l...a
ve T oy fazi it M2d been eliminoted frsu or dicsolved whthin the lungs. In
anent stata of owr Imoziedge evaluniion ol thesa pymcoilicriis iz ot poceibla

3]

Catls. Twmanby cots “vere wsed in ihds izhalation experiment with the

sinort~{iter asbestos. Eifhteen ware kept in the <duat rodr until

k el Ln2 nxpeFara narioa rangirr from one momth to neariy Lwl/2 years, znd two
" - . 27 b A s

el Lo TXDCE 1
a‘; .te . b4 ’ » - - : b
30 T L ausy aTawrn of C1-1/2 sonths, were removzd Lo nornal adr. Chne of these

-

\b -3 wuativicnd o omoatus, ixd the other 2L ronths, lzter.

ey
Vet
o "

) 2 P P - —a e @ - - . N . LA - . N
tee  oatu ord Twno ol Bisciion, The »aacticn was essentially that to an inert

.

dust, ersn after more than L yeers of expo-

Ve 23pons in this sgpecius was conilaza to microccopic focd of

PTImMis in ihe walle of Iroups of subploursal ulvaoll, rathier then in She verie
. Sas

TMialalae groes,  Inoone andmal the chanye Tas wibensive cnouzh So be wisualized

'3 T3 Ingczeeuion of th2 section.
1

Soaey Ghagneas. Caly in <a2 aniral uith tae Jonmast wopoyure aid
.

formy veveul derinrtely 2bnormal shadews, Aftor 29-3/4
e ETS Llz ~ulten mom negotives; alter 45 ionbhs a fiint mobbling socwdd b2 detociad

coctody Chiage S me - % P P 2 . . .
Treev UL rutz, Wi atthongy, Uoroaths LLilr, “heru vras oaly  microcucanic

LR, iLee
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. ‘;‘.Chioles .

Qe Asbestesi

orl' DU,

. 1. Rabbits. Eigh
- .L’.lDbJ..;‘) Py

"2 guat roou and loly

s z2ainais exposad Lo nor

Co rrolonzzd searcn a faw yellcow

ceis in the suppleural wona plug hezwy rmaoscrbic infiliraticn about mmall

etypical asbestosis

hediesg, gmwecih and without haustrations, were found

T2Lbits vere exposed to dust for

onz to more than {ive ymars.

2 than & yolr,

Pericds axtending from

The last aniwal was ramovad

in norral 2i> 6 wonths baisre baing sacreificed.

icre vas neveor.znouvzh-fidbroz2is to-be de-

Ttp per aniam eng erbangics

4 wvine e S Day T
-
can ooy & - >, - -3 .
= sanvis oL Dhe oossitility ¢
e deed id - 4 -
=oriaizde fHemrzrer, In amother
T,

e he actaer otout 3 rears of

e liar, Tnooe dinical Lhet

" vyt Thyem < - .
2o, %ate and Tv=a of Resction. TN
Lol wleusisy. Jicrocacopic

<l nzarly o3 chvicus or ss o odva

e S AT | 1:P~--'~‘5° G-

Sma.caces T hew .- - e,
sefdnaimlezily” 0 bBacome Dorc Tiur

-t q RS
rould il ton

TN asroasimsnt unou

sestosia 2ocdlen.

C"

i
‘ C

b
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£ noen orsed +

D mroseeyiic raaction wathin the air spsces,

“ha amen of a2ir

&3bzs

b B

2 ot ~men 3 N s es (s -
ticd of sor-dys=is oiitnr nowely

. . 4. *, - gy
cuonzh L oo risinle

aniral

wectel greasly and thare was no chronic

aridence of alveolar vwail thickeminz was Zirst

eopodwre ond was seen in 21l fiv: minals exaninec”

fowr yrars of ex-

(.

T ross iazspectlion of
T *;:gl:f:r:":-::' inizetizn in Shis animal oot
dying two y=irs later the focal fibrozis
cei. reas of inrolvemsnt, wmich rerc
tandzd
zasaa2 ol time Sub thers ‘mas

szaces and the arciitzcture of the

stos rodizs rare no% daitected in robbitz Lhat

zzrly in the -1"1..:' =sat but wora seea in all

2 duss for swore Yhan thi:a yeara,
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44, Surmary and Intsrnretatien

~

.
LA AN R e

conannny 1'1fcct:|.cu

B R e A T S S e D P e s

. v

awory of the gathogenusis of cabestosis, It was folt that if

\ it A% reactad with characteristic paribroadhiolar fibrosis,

The origirnl purpose of the oxpernnant vas to evaluato tho chemical

the tissue reac-

=::3 o nsbastos were chewical in origin an accelesrated or accontuated response

~ould roault from exposure to finely-divided asbestos, aa is the case with quartz,

LLs uzporinant, in waich the reactiwn —~is slower apd lass extensive thaa with

tuis floata, indicatas that tho rouction is not prinarily chomical iz aature,
0f the four epecios exposed in this expciiment only the guinea pig

The cat roascted

LT vivrpisal sub-pleural t‘ibro:;ia and in the raocbit thae fibresia vhich occurrad

(suli not ba "oazuvelv attributed to ths dust becauco of a strong possibility

o

TIWALA IO RXPTRAITRT WITH 1C0 ™MT CIUT BALL-LILLLE ASBESTOS LUST

o v e

- “loud.  “hen zvidence of a dust reacticn apuearcd i

(R

Tt 0.

>
. - -
t

3

iters in the smground asbestos or wag o

3:'—."-1’!’.:‘. "‘1n‘-, u".-t

st rnstaund anter %\ vas used,
13

» X

A ¢ R Y
-

B S 3o .:*.'.S'i';ici’tn!: woount of aimospnoric dust,

AT Az =

s SRR STV S A R o T YOI TR A A Ve, 0 AT LS P 4L VP RN O G AT ERO) QI B

vl
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Frewcus ianalation experiment but ro unground materinl was mixed with

W57 cwmred o na onen iypo of hopver and {reni:

4 sag mhrlotien cxperincnt with chori~Tiber astestos dust a amall guantity
ST ssbzstos was misied with sround maborial in order to precduce a cuitable
gvinca pigs during
W oirzoricess, it was not clear whether this was u tissuo resgonse to the omell

ef{'fact of the rere

Ceaczguently, cnother inhalatica exporimont was siarted iz

? duntine retericl was the ground ehort-riber asbestos uszed in tho

the dosisn of the dusting

dua4s vias added daily,
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-ire nd tua Lendeacy of {he material to ferm sm2ll sthorules t#iich nrevented

A L. A,

D IR PN TYIR i 90 TS PR BT 4Rt | TS Tl SR (T A @GNNSR R I, £ Vg

2o 0 Va3 fibrous vortion frem fleating cut of tha hovper, bthe diazpersal of

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

. -

T -aocizs mas veccnverted o ibs ordgincl desizm. To prevent "pilling” or tha

. - \u-b—-

wmwiien of rpherules of asbostos, sheel mire bruches were attached to the in-

»

D

:owrdzes of tha nopper and to the rotating padils. This arrangerent gave

)

20 orinsuisry rasulis and was used for the remeining £2 wonths of tha coorizent.

AW 2 eonporition of the raw mataricd (stort-fiber asbestcs) and of atmes—
oireric dust Liberated frow th2 bail-niilod '_:x;oduc*:. in Yho dusting na2-
~eo iz ivza Ln Tcbla 16, Thege values zra based usen potregrapnic studr and
= .0 vlirestiicn analysis. The atmessharis sampls tas collected wvith an elec-

T v wratdniiater arfter vTire Strushes Fad been instellid in the dusting

~ -

viong vo ithig, the chrysotile content ol ti2 air-suspended wabterisl

-~

m2r cent valvs given in Table 10, Tn an inter-

3 ar oty _2us vhan the 1

TrtoutL il a3 oifted tnhac the zir-horme dust m wwaizad zbout Y per coens of

TToiTas o tT fre wire brushza were ussaoand wp v 3 por cent afterwards, bub

(AT TILlEs wars prebably 1o, Cuantitative estimztes on ball-willed asbestos

b Y .’

T W e Toncmnav irzcenrave becanze 1t g cdilficull to determire hosr wmch

BNEIE AP BT A s O 8 o] L

. .- oo yoman? < w42 % ~ta - < {
tooe TEIRTLa LG LItrows chwrtsotide wid heT wach s non-Jibrcus cerpanvine.
: - <P TS conetnieation for Uha Jiresv T wonbis of the oreriment tias
f, e Tt T L L P S r : | 3 :
g Y= e e 0ormTilales v cublc Foon of alr. afier the shra
T = fnen tasunllad, the dust eornit wavae a Litiie nighar and btha overzil
‘N
B STERL e e M wEIr vras 105 ;i e TV - T ts & oy
: Sometle TRIAP WAE LU MILLLON.  The averzga of esunis for thea second *
R SRR e L - . %193 t, 2
. -l TZalan tnd fop whe Shird vaw 1.5 w=illlina.
-0
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hie 11, T™wo gampies were tzlken, ore tefore the wire brushes were installed
e actar,

- tes ..
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2 a2 size~lrecueccr of the corponents of ataoapvheric dust

collected

iasids the animal ceges with tha electrostatic apparatus is rerortad

It will be noted that aftar the wrre dbrushos were in use a

t. 2eoaction in Animals to Inkaled 1C2 Por Cent Hall-Milled Asbastos Dust.

., L4
LIS

vigs, rats and mice were uvsed in the inhalation sxperimsab with

2 ecend ballwmillad asvestos dust. The results are swmarized in
., 3wnea Fias, The expericent was started wath 1CQ guinza pigs. As the
cust expcsurs proceedad, these were 3% 2ccidenizl deaths,
©sumaaic inoap epidemic. After &8 months of dusting the 16 surviving
:ware ~gncfarced to normal air.
-. T of Deaction. Tor the first yoar of wipcswre ractically

the

only reactica o iths dust waa the pro-

1
g

. [ LA S
e» STAVNGIO 3

rangoeynas and an occasicnul alnubs asbestogis

3

Lady. 4t 16

Taninsg o groan anse ~as visible on the tissus secvion

-
»

bat microscopically

T 223% of inflawmatory cells could be s2an. At Zi xsnths thers was

e eaouzh L0 ba ceen with A hand leng elihougn .ucrescepic
Twenlad ceilulaxr accurmlotions abous terminal bronchiolos and many

w3t novlies, chielly within cedls.

T e T e Y . Iyeas, . - E 2
-henleis enslyses of tha lunes (Tebla 13) reoveal theil in spite

seaction conaicaertole cust hag bLesn »

atainea -n the lunge.

-~
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( $3. Cresroesion. The lurgs of cnimzls exposed for the full dusting period

2% months) and tren living in uwormal air for 2 nonths

~oreal2d the changes descriond above cnd slso very slisht peribrenchiolar fibro-

;3. Miar 8 months in normal oir the findings were similar but at 12 moniths 3

)

-2 . onimals shdwed grossly-visible characteristic reribronchiolar fitrosis with

- -ndzavoid change.

oie Lyomh gﬁ.e‘zmolvc:snt. Th2 tracheobroncnizl nedes wera agsentiz2lly
’ negative uwntil exposwure had btsen continued

*:sre than & year and a 1rli. Aninals sacrificad 2t 12 monthz and 16 meonths

=rina2d @ few minnte collections of ghagocyiss containing particiss but prac~
L. 19 Jloerz large enougih to e recognized as such. Afisr 20 months of

Iswre nany monocyies filled with yellouw granules wers presenc. A% 30 months

"z nad teen a slight inereass in reticulum bui no Mbrosiz. o furthsr changes

-
wveted ia the now2s.  Lsbesitoiziz hodlea were not seen in the nodes of any of
Ty enew sepes - -
»voTusnza pizs.
I3, Jcbasuz:iz Podins. lMinute agbestezis bodios wers otservad as ezl a3
3 moaths alter cowposure tagan, bub they did nct be-
T2 rimirous wnitil 25 wontas bad 2lapssd.  The bodies wicrn chert and praciicaliy
— Jore fatracelluvlar, albheugh at 20 nenchs soms werz long znousn 4o prpiach
R b i (=) [X) =) & -
~adt 422 31l borders. X
'
' - e . . e . . o . . b
! =% I8 Lamertent Yo nduz hab in the laler months of arpocurs thare was a dic- ‘
hd K
S P N “ . - . . . oo - :
-:8% Inireese in the numbar of long fibars ip to 70 mierous in Zoagshidin the lungs
T Shzz after axposwras ceased cumrscteristic lenz ¢ab:igstosis todiea wers scen.
~e Thite £a%n3 oné ifce. i thiz copeviient L0 hnos wave exgposcd Sor pesiuds
i
up to 2C mwmiha and 2L mce Tor rericds up o 12 .
il
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~:nusS, neither svecies developed even a sunroestion of agbestosis and reactien

vas sicited vo whagocyicsis of inhaled particles by widely-scattered dust cells

iz razasned {ree in air spsces or were transported to the tracheooronchial

T ST - r A

T~ wodes. o asbestosis bodies were found in tha rats but in the mica there
wer2 3 very feﬁ small non-haustratesd forms within phagocytes. .

*= 2) moucs lunzs scctlonzd thsrs were 3 instances of pulronary adenoma (1LZ).

ARy WAty Fa . RFAL Rete

%7- ‘ imzr:{ and Interrrctation. :

| "%n iinsno reactionas observed in this ezpveriment “vere much less extensiva

2= L lweer iR developnant than in tha provious inrestigation with short-fidber
}
s2:303.  Since presumably there were fewer fibtors longer than 3 microns in the

BRI

Y s

witwr.2l usad in this exporiment, the results tend Lo confiym the intarpretation
e %a Section kL of the short-rIibor experiment that the reaction is not
"rirzrlr chemiczl in noture.

-8 fincing of long asbestosis becdics iz animals inhaling the ball-milled

WA, P A Ry LI R

- - '3

“wriil is an exampls of the diffizulty of csmpleiely eliminating lonz fibers from

o b o T
.o b

13525383 praparaticn.

~» ~2gard to crogression of reaction sftar removel frowm cust, which was cb-

°TTec in this expariment bub not in thz othars, the following interpretation is

. @r B, G, o . W b
Y e o~ E

-=tTd: Then the reaclion is ‘weli—developesd at the teraination of exposure,ihs
“atraction of the fitroua tissue would ohucure any possitle rrograssion. In this

“Terient, however, since only the szrliest stage oI reaction w25 wresant at %he

Nond

.t
..

"% o3 ramoval from dust, Iis subsequent pragress was apparent. It should be

*3d that the degree of prosression mas so slight that it can have little, i2
<7y tractical simificance. .
-~ —325-
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VIl
“ TUHALATTON BAPZHIVENT “TITIT LONG-FIAZR ASRLSTOS DUST

oy rainals In “..Als.xg, snort-{1lser 1sbestos dust for more than a yecar hed
1.l .5 develey sipnificent reaction, the hygotheais that asbestosis is gro-

cerw oy 19 mechanicnl Irritation of long lbers wea jiven addod aupport,

.+ . W2 {ipg's floats ashastos used ia the firsct inhalation axperiont had f

= .1 low eccatent of fibrous chirysolilc ind contoined conaideravle serpontine 3

{

T .t wpr lipurities, it was cecided o conduct a new inhalation experiment with I
' + scure vorm of chrysotile which would te richer ir long fibkers,

N

te Tae Custing meterisl employed in thiy investigation wes ovtaincd from 1

“he j.snville plant of tho Jdomns-fanwville Corporation. Sampics of se- E

Tuy viriaties of asbostoa dust wers st swbuittod ts tho Sarance Luboratory

y

tir -eminaticn and onme kind, identifisC as Lot D, which wes low in megnetite 9

P

3 . 7enite and hed a fibrous contunt osiimated o b2 about 75 per cent, was . é

ielezier 08 o3t sultsble, Steol wire trushos wars [astomed 4o the inside sur- E

nir 0 the horcor emd te the rotating paddla in order %o ogen up the buandles ;

T Lsoeresa asac ‘-‘.ibcruta more {ih2r3 into tre umo:pl:xare. é

23, Tha comroocition of the long~rlhor asbostes used in this experinont is

indleated by the chismierl and vetremimphio :nalyses given in Table 12

3

c- TErevs Lt Mis ratorial was o muchk vurer form of astestes than the chorte

Trer futt uasd in other sxXpgerinzats, iz is horne oubt Ty comparing the approz- ,-
P82 enalyzas of ths leug-iter and shori-iter dust in Table 15 .- -
"3, Thz dust concantration 1s revealcd zy impinsor semples taken inside the
znisal zages a3 much lower than the ceaceniratica fer the cxperimenta *
3N Chorterihar ar tallemililod cast, For tho firut vacr of the coxgoriment with
amer

thar ninestes the aversgo of the lizht field counts - e 32

H

illien; for ,
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! -
(' a saumnd year, U8 nillicns for the third r2ar, 29 llion; and for tho fourth
-y, iomillion. Examination of llie impinger samples with dark field illumin-
Leea iiselosed that nmony {ine particles less than onz micron in size accompanied

L.

-5 loswsr particles and dark fi2)d counts ‘vsra, on tha average, zbcut S or 6

«d e

.3 Lrger “han the light {ield counts.

si. The ziza~irequancy of atoosthesic sawples of the long-(lter asbestos

. dust end of the ball-willed dust is shesm in Table 164 Eoth saaples

. ey

' . v
sasn caslzeted Writh theé{ectrssbatic pracizitator. It will be notzd that there
o" v .

-~ .0 *are ilibrovs material in the loag~ilber cdust.

\al.

Ssaction in Animales to Tniinled lonr-Pibar Asbestos Dnai. Guinea pigs,

cabn, rats and mica were employed in tiae inhalation zriment with
2 h

.3ni=ilzr astestos. Rasulls of th2 expesrirzont, summarized in Table 17, are

rrrox228 in greater detail below.

io cuinos Jigs., The axperimant whma started with 1C0 guinza pigs. After

exposiore nad btzem czxied ¢on Jor ¢ year, a ssvers epidenmic

U sammenta arose in the dust reom and abrit ecne-bhixrd of the eairnls dizd o

%illad. To remlzce them, 38 more guinse nigs were aaded te the surriving

[l
.t

TN i

Y Ao thie éust roeon.

3. Date and Tyoc of Parchior. liistclosical ezaminction rorealed Ioossly

visible lecions in tha lungs after 8 months

~@asura te dust, .consisting o Seillwiar inriliratd

RY
.

Lovration about thi terminal

TImchiclsz.  ab 12 momuiis, Llere wers adencaatold shangas in the air opaces and

.¥ h2 Jéth menin a definite Jibrosio was rrozent in theze 2vreas in halfl the

sily, Tha £ibronz losion coula N3 £en wACTRSCnpioally 20 montns. From

cme

-7=3 %ine on ihe Teaction increased in enttennt ~nd in the wmtumt 97 collexen and
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Coanomontl, iU had Juinnzd out into he parenchirma., Tha lesions were
- poowrely Jocaldzed and the eiftensicas Srom different bronchioles showed

=o.s7 wo fuse, ever in animals exposed for the wasrizmum period (3 irears).

-

o She lutra-pddorsnery ssaction fomotimes reacned the pleura, there was no
- smone of thad mrabrane. No emphysera was viiible at any point. Soms

,1, 1.7 33 the larier bronchi Tith a chronic inrlzyratory infiltraticn was re-—
‘ub it probe:ly was no mora iban vowld te procuced by a similar exrosure
\. .
Leist. For tle first © months the phagocyhes consisted of monocytez or
, L]

il gioat collss later, gizat c2ll forzaticn was more prominent. Lfter
R she gion, calls vere large, fillad with yeilowrish-treom pigzent and
o g vacuslav:d. An occisional animal showed an adpixture of polyrorpno-
‘et tlditocyy.3 and, in gudnea pigs exposed for a csmiderable period,

cs. Ihe reacticn was at first eniirely cellilar but by 15 nmonshs £i-~
Jaswn Jorretion was definita,  dowever, it never atlalinad a stage of

aoeszdilon suggesive of silicocsis.

.. roor@oe individeal variation occorrad znmong the exrvosszd

T o0, i daveleping lesions end in the stage of dJdevelopment cttalned at the

o e .
e rresura,

<anvrses of the langs (Taslc 38) disclosed thobt zitlicugh the t

Lsone ra2aponse
V= mieh greestor in these guinez pigs thzan “n these exposed to eiilier shori-fiber

- ba

AR R R R, asbestes, the anomnt of mincral metlor in the lung azh was lias.

2. Tremsassion. In guinca nizs exmonad to the cust for ZC months and thin

rovoved e normal alr, there was 2z marted tendency for

~adY . - .« . '3 A - . .

Pecilir infliummatorr reaciion o cloar. This effcet. ccormanicd by contraction
MR L . s - . .o . . 'Y - g N . .

s ef2 Zibreus tissue, resulicd in s dirdnizhisg aizo ol the Tscal lesisns. Yone

-
- -~
—sites
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( =23 animala,idllcd at verions pericds up *to 14 menths af'ter oxposuro,
.2e. 2 lislons as larze es tho=s in the group sacrificed at the end of the
*2i.<. axgorure poriodjor those in enirals which remaired in the dust room
r mars thuan 20 momths, Fowrtesn months efter duct cxposwre ceesed, the foci
Jevr 92 4h3 six remsirning fuinea pigs wera sc orall that lhey were visible

2% 12 a hand lons,

.

Jraction 't:t the group cxsosed for 27 months and then trunmsterred to a rormel

wzrrhcre wag quite sinilar to ta2 response in the 20-month expesare unimals

sationad above, However, small fozi were clways vigible en gross inspection of

smedisna of «ll pudnea pigs of the 27-~aomth aserics buti in no inetasnce was there

Rt SR A e

avicnice ¢f extengion of the recction,

-ee

- N

s

&7, Lwmoh Xode Invelvsmant. Reacs<ticn im the trocheobronchial lymph nodes

was Sirsgt visibls at the third month of ex-

N
—
T A AR

Jra,

At the 8th month patchse of celluler comncctive tissuo boagan to appear

ok
[-t' By

22 tne pedulla ond by the 14tn wmenth most of “he node had bcen replaced by

“Eioviae conmuctiTz tissue, 1his picturs, which russmbled that in sarly silicosis,

#Irsisted to the end of the oxperircat., Soms wnlimals, 28 & variant, chowsd heavy

-t

“asets of diffuse monocytos uud Zargs active sisnt cells but there was never ey

#%rosis or hyaliina formation. The apincle-shanad nar colls were yelicosish in

- ?, S;
©:lir rrom Pinme pigmens grenules that stained for iren, No fiters or ajvbestosis ;

",

2321 were som,

S8, Ashestosis Sadies. Althcugh eshestosis bodies wera sewem in the lung ua

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

“are maq hard to find, 4t 5 woutns icore were vicitle, chiefly coilad inaide gla

el v : A : " ;
telle d at O ncnths meny vodics were fres in conmective timsue, They haooms

L
“airdy 3o - ek - S IR . . :
*rly abundeut as exjosure contizusd elficass in some lator mirals “he asbestosis

» .
*33ies wore only moderastels nuwnsreus,

=29
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73, Rata end Type of Reactica. #il four mimals eacrificed at 25 months

-

Showad o weoll-marked peribronchiolar fibrosis,

75 3 l0-month animal, resction was jusi boginning, Asbestosis bodies were
’ J 9

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

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

Jiwsnaie without asbestosis vodics,

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 sncwing an appre-

!
2iccly dagroe of pul:nmary infactian,

'3, Rats and Tvpe of Reection. Neacticn was limitad to phagocytosis by ' B

menonuclear cella, Usually these were wide-

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

~1n3l bronchioles producing some thickening of their wells, There was no sug-

133tizn of fi%rosis,

= .

Prome oA a

suxerous asbestosia bcdics »ere obeerved in animais %illed lats in the experi=

Tpnc.  “husg, these _aninmels exhibitcd aatestosis bodiasz without fibrosis,

ey

"9, Summars and Iantervratation,

The purpoce of this expzrimont was to evaluate the importance of long
S

4°¢re in the tissue iegponzo to innalod asbestss, Tho rosults indicata strongly
3% lony fibera are chiefly respemsidle fer the recctiioa, Thus, in guinea pige
faacticn davelopad oerlier ond tecams Tor2 extonsive thun in previous cxperimonts
‘2 spito of a smaller concentration of Gtmoopheric dust and a lower mineral con-
“ent in the lungs. Furtherrors, a typical peridronchiolur rihrosic was produced
‘.:‘.. cats although in a precvicus experimert with ghori~ICider dust it did nct dovelop
in this spectos, - .

The causs ol tie cellular ibrosis in tha lymoh nodes of the uinece piszs is

10t clear, It d4id not occur in other inhalavicn experimonts with agbestos,

9

~31l-
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LXIXVII
INJECTION 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-.
~:rzad,  In thesa experiments guinea piés and rabbits wers used and the minaral
i1 a8 injocted by the intratrachcal, intraperitoneal and intravenous tech- .
~:wues, For the purpose of simpiificatican the findings in each series of tests

- ta'e

=13 :3eén condensed and reportad in tables, to which reference will bs made

- -y
assw o0 3

‘I, Zuuarinents Using Intratrachoel Technijue,

-ince tho asbestos minorals do not cause a Ytypical advanced fibrosie in

"XxIra-pulitonary tlsaus, the intratrachsal technique is the preferred way of in-

-

‘reezeing fibrous dust into tho exporimental animal, In this mathed tho dust

vitaersion iz ingjocted by meaons of a gpecial naedls or cathetoer docp into the

s Tc: which it flows into the lungs, -

-

‘9. Cermerison of Tibrous ond Yon-fitrous Custs. To demonstrota that the

ability of asbcstos to

¢*3%32%8 Tibrosis resices im its fitrous charactsr, tho series of irjocticn axperl-

i..‘ 973 rzjortad {a Table 19 wers performed., The tests waro mads with unheated
Vs .
‘{-,E... ] s Sieliter chrysntilo and with chryeotile that had bozn ignitad to destrey its .
: i33i3le sgructurs or ball-milled 15 redues ths longvh of fider to 3 xicrons and
i . ~
.: : 333, L% the come time comtrol ieosts were made with serpenting, vwhich has the
§ : 13 chomiesl compositicn a3 chrysotils tut is nea-fibrous, & review of the ‘
e flrtiage rovzala that only thz uaheated loag-rilicr chrysotile producod fibrosis,
il -t
s B Arery Jusjacted 4o igniticn or shortonyd iy hali-millizr had lost thoir capacity

%0 2yge : ) :
+429 aorious issuo demege, Jgniticn sroducsd important changos in th
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.arysetils fitors, amnong them heing loss of wmter, an alteratien from a flexible

"2 2 brittle ctructure and possibly other chares,

€0, Ccmrarison of Various lonr=Firsr dusts, Soms very interestiny findings

er3 disclosed Ly the reaulis of

o T g

» ¢7gorinents included in Tabls 20 First, 211 the lonpg-fiber asbestos mirersls

=3d, with Lhe excapticn of anthcchyilite, :roduccd a typical fibrosis, It is

R

>t entirely clear why anthophyllis bchaved diffecently (rom the other asbestos
v la, Un ‘ortunately, § of 8 anirelu dicd of pneusonia within the first two
EERE Ty t‘xe exgerizment and the remeining cninals were zacrificed at 1, 8 and 12

~2n.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

;‘- Pomoof ragnenium hydroxide, a charactorisiic fibrosis like that ol the asbestos

[ 1

% ririrals wag obtained,  Siace tiia brueite usod contained only 0.90 ger cont :srlica
;: 3o impurity), it 45 obvious that a sillcscus coasenent is not zn essentizl

g it .. the development of asbestosia,

?

?

<t ono fibroais resulted fr:-m e injcetionm of glass wocl fiders, even
ST 5leds tveel fosembles asbastos in sone srays, Thore are fondamental differ-

U203, towaves, A glass weol filer 3 wicroas in dizmetoer i3 a solid red end, in

RIF ISRy BTy

Ceads %

0L imgths, is Ioirly

]

igid, vhile an asscrtos fiter of tho camo ditmeter is a

PO

oxtremely fipce “ilements whizs inaeit to the Ziber a high degroe of flex-

oo wd .

AT R aAr il et

se T2 cogem -

s LT oowzuld cesm that thic struciurc ond tho Licoziated Maxibility ara

ToeiTare fzetors governing the zapscity of ©ominoral {o produce paridroncniolar

i li‘*ﬁ-‘uv P
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Comrarizgen of Lon=.Tihg= <31 Sier:-Tiner Lutti

Yith quartz Zust it heas

vean demopstrated that

(ke sazller <he particles, the more intinse is the tiszue 12action, and thet thers
.3 1itltle rencilion ©o goriicles lazrgor thon 3 microns in diameter, In the. case
- i’ osboatoz, however, ths reverzo is truz and -sopuren:ly only long Titsrse Lave
sy Speedilic erfsct, This iz canditmed by tho dacs ol Tatle 21, in which a series
= o848 with fibrous minerels is a‘ep;:rted. Laen the injccted dust consisted of
fitera 20 %0 ) miszrons laug, ~li tha winardly tested {exccot anthoohyllite, as
oued fn Seetion 20) prouuted a fidrosis; wien the patorial was prepared by first
srinding tho iikreus ducs ntil tra2 lsogth of fitors waa reduced ts 20 xicrons

<3 lear (or, in some cases, 3 mioroas znd

=oq
bt

=8 seuvged flOresiz,

css), nene of the i

>

njzcted ninorsl

Tt if.:_c_ne.-ime*\t: Usins Taorevonons Toshz=isve,

“he exporitents, doscriled ia Table 27, la which wh2 intraTinecus psthod of
injzetlon was srployew, srdsr that +hc azbeszos wdnorels sro far different from
Tiarts in vhelr actica on tissve, It has buen repontadly demcactrzted that
dqueevencus iajecticn of quartz varvisles O uicrons sng 1ac2 in dismovor vill
1353 2 tysisal tisgua reoostica sith tho developrnnt of Lrallnized [ibrotis lasicna

“1ocEmraspalinmery zltes, tucn 2 Ghe slver and Lteen,  fshestos pinorels, houescr,

" ia, arescul injecnlin srelly traluce only an inert tyee of viaelia, as ic )

Tireared By the resuits given in {he fatls, T reasom far the oarly renths in

e zrparimeny with carvestils pareicles .o nos clzar: it WSy have beor osuiusd .
T %7 atltcic ncid Zitcratad Wy Wie Sieslysgzround miaursl,

e a
-y oot
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. orelt9 nwutralizes the irritacing effect of auartz but not of achestas;

( :, zzrzontine has the seme chemical cemposition as long~{iber carysotile but
= -a3as a0t produce ths came lind of %izsue reactica; {5) therz is a wide range
= .2 chomical composition of the rminerals which do cause ashestesis (ze0
siSie 2i), In view of this cvicdence it scewms more likely that asbestosis is

[}
~usd Ty 2n vausual xechanicnl irritation r'rom loeg astestss fiwors; this

-sinzsion beiug related %o the psculiar filanentad siruvcture of tha fider end

.i: wssociateda flexivility, which are poassessad by no sther torsign btody, For
‘ma-nhe, ignition of chrysotile fiters chansed their si':ructure and made them

.no= while the same filers, tefore being hsaiad, croduced fibresis (seo Tabls
- Jurtrnar support for the theory of mucnunical irritaticn is that asbestosis '#
.3urs in en crgan of high mooility - tﬁa luni; - ezd that a fibrous reection can

.2 raducad by injecceicn of asbestos fibsrs into the poriconeun, where there is

A¢0 2 degree of mobility, but not in other extra-oulicnary orgons,

S et oy
At b et W Aaas

COVELICLATIONS

-—

The experinental invostipgatiom with asbeates minersls wac corctimned prirarily
e

«ith the effect of thz dust cox re:mzl “izgun but seme atiention vas given %o

sthor phases, duch &3 succeptitillty to inl:cilon end ccecurrsnce of ralignanc

. Iafecotior.,

The only expsrinment in which the effeei of izhaled zrbocios dust on a pul-
Aconery infeotica wias studicd wes *tho Iiros inhalation czvorimant, carried on with
*%Xing's fleats" dust, I% i3, peraaps, unlortunate thet infoezien studics vere
. aot made in o othor irnhalaticn oxpeorimontz wleo, .
= -7
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© %0, Swacentivilin- to Inbarewlera Inficiion. Ihie develeprant of a tubar-

culous process indtiated at
Fe vegimning of expozuce to astestos dust, and also or an infection superimposed
w31 an established csbestosis, ™as descrited in Sections 12 ane 20 of this ro=~

s> Ib will be notad that asbestos, when clasasificd ceccrding to the effect

1 cust on tuberculsus infzciisa, would 22 placed below an active dust like
nrun tub abeve irnert cdusts, such a3 caleite and gypsum. In aninsls infected
~ih Sttenuated 'cubarcl:;‘}"bacilli s quartz will cauce th-'-: infectlous process to
-rezrezg untll thegyeaizal 3ies of tubercifosin. Insrt dusts will have no effect

*+ Lig irfection and tha lesicns will usually heal and 4he disease disarcpsar.

wn3tos dust is in a different category. hen Lha flbrous dust wes bveing ine {'
-23 during the evolutcion of tire infiection, hhaie was a apreading of the '2;'.:be1:i

"12213 trecess for a time bub usunlly the stimulus fcr continued praliferatvion of
~3 tebarcle Lacilli wms not sustcinzd, the progreasion was arrested and healing
silcwad. In pguinea pigs infected with alienuatad “ubercis bacilli folloTirng the
“iuniation of reosvly trres yesrs of ormosurs 6o 2stedtos cust, orogressive disease | “
A nwb d::volcp.” Thz onlyr mcdii‘icaciun‘ of %z infection was ona of localization,
~ {27 bacdllll bairg retsiscd in the fibrous torminel Leonchiosles ard forming
‘vsareles there in edditicn %o thr uvsual Cocd Tenszath “he pleura.  Suen huborcles 5

22azd in a few months and whare was noihing %o svggest any inslaocrea oa the

"nena of Yha diczaso.

SILYTYET

- .

Ji. Susgceriin

3lity Yo Yon=Dibarenlsre Tofastion. There v23 no pointed at-

. : rerizant concerning tho

Sdeet of inhcled asbestes cust o mon-inberculous inloction.,  IMiercursans Pnca-

-

“dnda ameng andrmls wrocsad To asbostos cnsy tas vother cemmon, Lhe frecvsnsy in

o

Mirea pigs exposes In bhe {ovr inhalabtion 2sarimcnts vongineg Seam 15 to 29 oze '

-~

L. .o Coee ey L R I
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c.at. Thia insidental evidonce suggests the possibility of an eifect of
.ctestos dust on non~tuberculous infection, Neverthelass, since such epidemics
:r: not uncermon in inhclation experimsnts vith cther dusts and oven in ths
cesony of normal animala, it is felt that tha inhalation of asbestod dust does-

2ttt oxart a sigrificant offect on the suscoptibiliiy to noanetubsrculous

.wlronary infection,
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- fcIl
SUMNARY
Cving to the vast amount of daia inociuvded 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 each with 2 briel rssums
5* thy evidonce,

Terious forms of osbestes riters preduce a goribronchiolar fibrosis of the
ivngs of guinea pigs, rata, cata and :abbits but zot of mice and dogzs,

Soth inhalaticn and injecticn exporimenis provide amplo support
fer this statement, Fizurcs 5 and 8 show tihe reazction to two dif-
Peront kinds of askbestos mincrel.in the guinca piz lung, Similar
but less extansive {ibrosi= occurred zlso in rats, cats cnd raobits
(Tebla 1), &ice =nd dozs failad to respend. This variation in re-
ponze ol difforent spociwve to identical dusi exposures is still to .
be accounted for,

3, The mode of zcticn of tha asbostos {itecr is primarily mechenicel rathor than
chamical .n naturo, .

The 2v1icdcace fer taia {5 givem in Soetden LXXEVII, Figurcz i,
2, 3, 4 and 7 illustrate thc irpor=zal peoints, The fitrous filae
nented atructurc ol asbtestosn plays wa ess=rntizl purt in the irri-
tating sctica, sincs tho solid fNbers of sless wool do nod producc
MMYrosis (soe Figuro 8),

C. Long ashcatos fiters cre s9ssential ia <ho production of paribranchial fitrosia; °
short Iibars ars inwpibls of produciag thila resccelon,

Experimontal :vidence diacleses that fitreo3zig devalozs follow-

inz the injactica ot asbestos Nitsia batween 20 end I micronsirn
lemgth, but not “ollowin: Injacticn o perticies less than 20

-

LTS - A} LL I . . . .
micrena, (Tables 21 and Z3,, Tiis shows het the cautcity %o vro-

duce fivrosis dovslons soxevhers hitueen 20 anc 5O aicronai.,

AN
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e sUilas pave not Yeom carrize i Lo usterwine the voger

L PSRT

( I affactive {ider length, T apuwanra, howevar, that that
;owill T2 cesermined by the imbarizadlity of the fibor, :

a8 praduced by the imhalotion of
worage of 234 aillion aarticles ‘
= ceny cunsisted of fidbers leager

.2 <:oecizental smsbesvotic fibroui:
..sSpaeric susgsusion cmtnming ESH
«:is Jact of air of vhich caly 0.5
L3 Microng,

i % inkalatica exveriment with 130 Jar cenv vallemilled
35108 cuat contuizming 0,5 por ceun >f fitors lunger then 10
r=z8 (Sccticn 46 $o 57 izclusive) a typical fibrosis was obe
2 {ee Tebis 12), Ths svidsnca presonted shows at least that

s

:aceasrheric concentretica o 2sczutos duast contairing 0,2 mila

WUTAP AP Wi d o Y VKRS e m Tl Al | IO vi. by

2 ¢ Ot 2 228,000,000) fikers jroeacss ihan 10 wicroamsper utic

-t

-

¢ 91 eir i3 cepavle o preducing =xporimental asbestosis, The
ssuad lewer imit of concenirntica of loag fibers necocsary $o
~reuce unbentonu canrot be catablishod on the evideace availeble,

eiration ol cxwocure izguired to ilevolop the vulmonary rascticn to in-
agbcatod dust is - inversely oroportional to the concensratiza ¢f long

- - -

crs i the wtmesphara, vic, as tho aconcenmtrrtlion is increvseid, the
ction cavaloeps 3in chortar tiza,

e

el

svidoroe for tils statcmont 15 sruzsrtad ir the inhaletion

oy we

<Xzerimset vith Lonp-fiber iZsbestor ust (Socticng &3 te 76

wre

facluaive), Stuldy of the siie-irecurcy of tho leng-fider lust

fizelozes thas il centaine

L AN by, ¥ T gt

7 per ceat cf fiters greater  then

o
[#)
-

'S miercoain length (Table :5). Tho 1,ngs of snisels exposad %o

i3 duat reveelod That the pulmenar: reustisn devslopsd in aporaox~

imataly cae~nall the expnaure tinzs racuirad lor its devoloprnent in

uniwmals subjectec to the Lali-milled dust,-hich contcined cnly 0.6 3 W
. . i
g cor cent of long fiters, o3
b4 M ‘
s ’l -
" A ‘ -
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P
N
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_5uh..ahied erperimentel s£sbestosis cenmsys 0 progress oa discentizuing

o e o the duast, .
(’ ~donce chows in fact thot on discontinuing eiposure there was

waracisble ¢laaring of the mature ulnonary lesions dus to

.~1ction of tha fibrotioz.'euctio:x. in centrast, an immature

TP Y o ¢

s s response consistingsprimarily of cells with little or no
1
-34S centinuod to precgreoss. It i3 assumed that following at-
c22a% of fibretic maturity,; the same precess of contraction

- r.i1 onsuz ('Saction 57).

e Ay N AN A= A1 8 TP ey

h |

» .

r.. .cmation__;_lﬂ acbestosis bodies renresents a coating of the fibers by

: «1i ond tissue elements wnich reosulis in loas or ebility of the fidar
~scuce fMbrosis,

»
[

.1tratracheal injoction o ashestosig bodies Mailed to produce
2 twnical asbestotic tissus iesctimy in oxpurimantal arimals
.ction 86}, The coaseticn of progrecssive reacticn to inhaled
scostos duct zoon efter exzosuro torminates may be due to the
:mation of asbestosis tedios,

ciZ.inum hydroxide failad to neutrelize tiz fibrosing asticn of the long
\Sir asbastos (Section 65).

Tuhzlaticn of asbestos dust did not altzr asipnificantly the [inal ocutcons
3’ experirontal tuberculosiz irn two serizs of guinsa pigs cxjosed,

This interpretation is in uistinst contrast to the stimulating

tfiect of inhaload quartz uwpen a tuberenlous process in tho lung, I

~ust remain Tontative, however, iince it s tagsed upon evidoaca
iizited o two ceries ¢ puinea pizs oxpoted %o .cnly one xind of
setestos, narely "King’s flsais" (Sestion 15-70, 90). Refercnce %o

%able J chows thut when infecticn 1as coipoident with cnset of dust

v 33

¢xposure, thore was “temporery prograssicn of %the infceticus zrocass

AT

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

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

{Coatinwed on Prga 32a)

-

-—r g
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“

. = -1aally altored, ‘This latter finding is in marked contrast with
“.unl experience invelving quarts dusts or mixed dusts containing

~1.027 irerein the adverse influence of quartz upon a tuberzulous

.‘, .
KN , .3.ion 13 most strikingly ranifested wihere infaction is initiatad
lx <+~ 1 yeriod of Zust cxposure, viz., suparimposed upon & background of

i oah

: iiched silicosis, .3 iucdicated above, cpplication of this more
-;.icive test to agbestos dust failed to dcmonstrate that such dust
s: -1 acverge influence upon a tubarculous irvfection, Thus, thors

.~eng, evidence 1n suppert of the interpretaticn, liowevar, it is

. sanced that further investigaticn bo undortaken to establish

+oirct,

Ul
~4<Qe |
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