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BEFORE ME, tha undersigned Notary Public, personally came and
appeared MICHAEL RHODE, a paerson of the full agae of majority, being
of sound mind and body, who, after being first duly sworn by me,

did degpose and say:

Y, MICHAEL RHODE, am an employee of the Armed Forces Institute
of Pathology, Washington, D.C. I am custodian of the original

archives of Dr. Arthur J. Vorwald.

Pages 1 through </ 2.  attached haereto are true, correct and

authentic copies of documents from Dr. Arthur Vorwald‘s archives.

The pages attached are Revised versjion of ASBESTOSIS -
Expaerigental Stuydies by The Saranac Laboratory, Report to. the

[*) - orat [ 49

" Dr. vVorwald was the Director of the Saranac Laboratory of the
Trudeau Institute.- Upon his death, Dr. Vorwald’s archives were

donated to tha Armed Forces Institute of pathology by his widow.

Dr. Vorwald’s archivas are in such condition as to raise no
suspicion concerning their authenticity; they ware received by the

Armed Forces Institute of Pathology from Dr. Vorwald’s widow after
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Dr. Vorwald’s death: they ara presently on file as authorized by
law in the National Museum of Health & Medicine, Armed Forces
Institute of Pathalogy, Building 54, Walter Reed Army Medical
Cenl:‘ar, Washington,.D.C. 20306-6000;7; and the archives have-baeh -in -

existence for 20 (twenty) or more years.

SWORN TO AND SUBSCRIBED Lbefore me, the undersigned Notary
public, on this thae £ Y< day of April, 1992.

i B -

NOTARY FUBLIC

Printed Name: v l.L. ¢

My Ceommissian Expires:
Ny
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Asbestosis is s pulmonary disease caused 7 the inhalstion of asbestos

dust. In animils 1t 15"characterizef by y/feribroncniolar” Mbrasis wich AZESEA 1

/. 13 Ll
v (&e@u to b&;hz reanﬂﬂ ica ather than chemdcsl, irritation of
_“ .

the tissuve hy asbes‘t-oa o {Onlf the long fibers produce a typical

reaction; short fibers %.re re].l vel: mﬂg The fllamented structure or the
it b YN fnpate
{ibers is an assential factor/in th¢ mechanism of :.mutiot‘xj @&-character-

,,\.o
istic tissue response can Y prod ‘uy non-siliceous @nll as sxlim:s)

5\3
£ibrous ninerals. oh ionoraaesmsdust deecmta.lter
k“pc “fx.‘wév h""l‘ vt 0OlA ,*Jul '2./\
significantly the = or experizgatal tuberculosis 1u gm.ne pigs. The€

/.
! ashestosis body, whigh i3 3 specifid concamitant of asbestosis and forms
.\ soon after the entrfince of the asbestos fiver into the lung, i tRITEVEES

-

1Y %3
preventl\ﬁn-t.her dfimage to the tiasue by the fiber and thus & Limit pro-

gression of the/rsaction whan exposufe ceases. Almnmm does not exert a
Fotactive aciion sgainst the tissue] irritstion of ssbestos fibers as it
does against/ that of quarte p o8 o
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2. —Iotroducticn .o : ) R R
istestesis 15 3 Zorm of pmewmsconicaia r.esultiza Zrom prelonsen ichals~
tion of asbestos dust. Ths name a;sbe_-rtos, literslly ™umbarnsble ™ is vot
thet of & perticalar minera® tub is 3 term applied to a mumber ol diffarent
mngrals whose crarecterigtic feature is a structure composed of long, par—
allel, flexible fibera. 7Tkis structure is wmique bacause the fibers are
capable ol repeated }nngltndinal mbdivision to urdts of molscular pro?orticn:.
In lergth the fibers vary from a few microns to six or mor: inches. Scme

varieties are stiffer then others bat many are sufficlentl= flexible t3 he
spta  into yarn and woven cn modified textila machinery,.

3. Asbestos Hinarals

The asbestos minerals are silicates of varigble composition and belong to
the serpentine and the amphibole groups. Listed below are the more common
varieties.

smpbibols Orenp

Anthophyllite (kg, Fa) silicste

Ampaite (g, Fe. A1) sillcata

Ampnibole (ca, ¥g, Fa, a1, K3, X) silicele
Tramlite {Ca, Yg) silicste

Actinrolita (Ca, Lg, Fe) silicato
Crocidolite (¥a, Fe) siliczte « Fo silicsie

Serpartine CGroup

Crryusotile ¥g silicate (hydrceus!
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port is devated to Bxperimental Asbestosis. In it are described the animal ex—

The dulk of thy =S582¢Cs sl comerss 45 E;T.;a’:ila,_ 345025103, 2u5C,
which £5 ninad in 4he ToeLford rogioa of the Frovince of Quebec. Crocido-
lite and 2~ogite are 3iso vscé commarcialiy bul in rach smaller axdvais.
Crtxrysotile occurs a3 veiny in sarpantine, = milerzl simila- in cpexicai com—

) b - . Py = : - ~
position to chrTsotile it which exists in mzesive form agg is madg.ao 52

microscopic fibers witiiout the parallel orZentatdon eanraciaristic of chrysc~
tile. The massive blue tlack s=rpegtire, which is gmactk and Zoapy to the
touch, is traversed by veins of fitwous chrysotile Jarying in widtk from s
baraly pecceptibles line to six or more inches. The fiders rm across the vein
and not lengtlwise with tho formation.

Attention is directzd to the minarsl dPrucite, ¥gO R0, which is often
found in the ssmae formations with serpentine snd chrysotils and may ve Tibrcus
in WW. It has ro commarcial vsine at presaul because its fibsrs ere mot
pufficiently flexible to be used in textiles bui they are capable of repeated
lotizituding) subdivisien. Unlike other asbeguiform rinarsls, bnu:l.te janot =
silieate and for this reascr it has been a valmsble tool in an experimental
evaluation of the action of fitrvus minerals npon lwng tissuva.

9“" 43
IV. EXPERIKENTAL ASBESTGSIS -

For pany years =tudies have ':Cen carried on-by the Saranac Laborstary in an

investigation of the cause, nature and developnent of ashestosis. The present ro-

poriments with varicus kinds oi asbestos dust. Lnoiher r¢port, to be prepacred
and issued later, will ta cocncermod with mUmes: ACDAYLO9LY ADC WIlL COves VAL ffdhn.
aspects of workers =ho have bgen exposed to asbestos dust in an industrial '

envi rorment

s
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Llthough wcbastosic inzan i3 a2 chronds digsese YASCh recuires rears to
devalcp, it is possible to raproducs in cne or mare species of animal dnarsster—
igtic tissué changes which are zimilar to the jesicas of numen az;basv.osis. Siace
the life-span of the experimental zrimal ia relatively svcrt, it is not possible
to-develap the chiracteristic lssions in animels srder *he urusd MGwstrisl-usa-
ditions. Consequentliy, to obtain & ctmr.lst-_; avanuction el tha tisswe responce
to iphaled particuiate and fitrous materdzl, it iz necesszTy to accelerate the
reaction by ewolaying higher comcentrations of dugt than woulZ erdinavily ba on-
countered in industry. Thile coaditions of exposure are thus differemt, the
information yielded by sxperimants witt 2nimals is invaliwble in furnfshing a
better vndarstanding of the reaction of the huzman rgsnisn ‘¢ irhaled asbescos

duat .

S. Experimental Mathods

For investigating thke biological Teuctlion of the experizental snimal to the
various asbestos minsrals, twa {ypes of techrique have beon emplayed, namely, the
inhalation method and the injection method. In inhaletica ezZperimentas, groupa
dm-mu}mwmmmmﬂmmmu
rabbits, cats, dogs, rats or wice - are kept for eight hoics a day in a cubical

dust room, elght feat in dimension, 1n which & clond of ssbestos dust is maintainad.

At intervala during the experiment, a few animmis are sscrificed and the tissus
examined to determine the natwra and extent of the dust rosction. Some snimals
are axpasad Ior periods up to thres yearz. The Injsction egerixents, in waich
tha dust, either dry or cuspendad in flnid, is introduced into the enimal by the
intravenocus, intraperitoreal or igtratracheal procedure, are used to determine
whather or not a particular dust has a potential capicity w produca tissue

r=action.




. Long-tern inhgi2tion eperimants Apmis: inScrmation upon which great reli.
ance 1s placet when eatimating the degree i> wnich & dugt might be hszardous ta
industrial workers. Fhather cr mot atmocpheric cust, even though potentially
dangm, can te inhaled, pmss the natural defemse barriers and Teach the tul-
marytiasueinqumutisa scfficient ta c_.usedanzae anbe:fef-:e_:”':‘—.d.m;o-;;_w
ivhalation procedures. Injection experimonts are usefl beczuse in them contact
batween the dust pariticles and tissuss is assured aad the potentisl espacity al
the Gust to produce reaction can be estimated accurately. Vhen dealirg with fi-
btrous mirerals like eshestos, the intratrachaal methed is valnable since it per-
mita cbserving the effect of the fibers on prlmonary tissus.

6. Specias Susceptibility
Unlika free silica, asbestos doss not exert its spacific e¢ffact in all organs

‘_,. ‘ of all species of animal (Tsble 1). Injection of fine qusrte into various organs

!
of the gulpnsa pig, rabdbit, ra ,Acat, dog, chicken and even tadpele will producs
milicotic pedules. However, aimlilar injections of long or short fiber asbestcs
have resulted in a fibrous reaction in the lung and, to a lesser extert, in the

peritoneuws but not in other organs {h (wa py, astiek, ot oed while
h‘l."ﬂh“uﬂ‘mw % tsAlpoull. "ﬂu—oodo-h\u — *I-J
7. Peculiar Characteristics of Asbestos %yt Co e aceounlS

Experience has demonstrated that most of tha paticulate =atter inhaled inio
the lungs of man and animal is 10 microes or less in maximum dizmster. Larger
particlas spparently are excluded by the protective mechanimm of the uppar respir-
atory tract. In the case of fibrous ratarials, however, thls restriciion does not
apply and fibera 100 and even 200 micrans in length have been tound-iuthetu'lﬁ.n-
al sir spaces of hman lungs. Ia small laboratory snimals ax;';oaeduuhesws

dust the maximme lasngth of fiber found in the lung rarely exreeds 50 microns.
‘ Not every lind of fibrous material is inhaled with equal readinessy for example,



the synthevic firers ol plzue meol wmparentlyr o Lo fndlawible ta paas easils
througch the nose, pharyny, itracrga and oronchi azd zeldem reach Lhe torminal
bronchioles and alveaii. ' .

Inhiled particulate Baster comes ts rest throwghoeut the terainal xir spaces
(alveolar duct, atviz, 2lveoli) in &l pa>ts 2f the lunmy; inhileS~asbastcs-fibers
ara first retained in tha respiratory bronsthcles. These 'm.ry anall tubes are
imnediately distal to bronchioles lincd by cixiated epitheliun. Their mnn assen~
tial liming 15 a low cuboidsl type of avitholimm bub, as their name implies, they
sctually functior in respiration thoough lateral alveoll given off ax pouches
along their walls. Either these pouches, cr ths abrpt change in the character
of tha liping epitheliam, or the decreaso in dlameter of the tube, or perhaps tha
cowdnation of all three tactors is respongible for loccl retentien of the inhaled
f<ber. Only after sabestasis i3 wel)l establishec are appecitble sumbers of f£i-

bars carried into the wore peripheral air spaces.

8. Rata of Tissue Heaction to isbestos Fibers

The rate of tigsue reaction to asbeatos is mnuch more rapiil thsn to an active
dust like quarts. Evidences of tissue respotse appsar as soou as fiders have
localized in sufficient concentration in spscific ereas. In rals receiving asbee-
tos fibers by intratrechbaal injection this evidance is visibla 25 eaTly &3 two
wooks after injection; for grartz dust the latent pariod might be twds memlas or
moTe,

Ths behavior of the tissue reactlion to inhaled cusi after the termination of
axposure i5 Dot the amme in silicoais eg in sshestosis. -n silicosis, tha young
podules becoms larger; in asbestosis, young scar tissus,that may have farwed,con=-
tracts and becomes moru denss but the area of involvemeni. decreases in size. If
exposure to asbestos dust is tarminated efter a briaef period, the receatly-inhaled




fibers in the lung =3y cause the fibrous {dssu2 resdonse 4o ecogtinue for &
ahort time, vntil the fibars have been coated. This pregreasion is of enly a
glight degree and of little significanca.

9, Aabestosis Bodies

-
. .— - & @1 ° el mmaem——— L Ny

The peruliar structure known 8s the agbegtoxis body or curicus bhody is a
specific concomitant of asbestosis. The typical body ic o goldax-vr_u:m, baaded
or hanstrated rod xhich may be sithsr straight ar curved. Often one or both ends
are bulbous like & dumbd-bell. The bodies vary comSiderably in length, and di-
mwuéwncmmt:eanrmrded. ‘

It is beliaved that asbeutasis bodies sre dne to a deposit of protain and
iron pigment upom the surface of inhaled fibars. In guinea pigs they form after
about 60 days of contact with ths tiasne. They ars abundant in man and the guinea
g (sce Table 1) but ere much larger in the former, probably becausa the largzer—
gizsed gir tubes admit fibars of greater dimenslon. In cats, rabbits and mice thare
ig en atypical coating of a few of the fibers alter mich longer residence in the
Jungs. In rate and dogs no badies could be discovered. Although the evidence is
mmnplm,;tuppamﬂmttherunﬁmofthaubeatombwmuw

to the tissue by the ﬁm/ ke Ny Gorv e &G Viess aRep s} 4741/?/

Ve NN Cs cm 'a..:.
-~ .’gw
W ]Im
/ﬁ Fowr comprehensive inhalation exparioents have been conducted at the Saranac
.Iaboratary'-ith varicus forms of asbestos duet. In gach of thesa inxvestigations
more than 160 snimals ware used and the experimenta were carried on for periods
ranging from 2 to mare than 5 years, The four kinds of esbastos dust saployed
are identified as Kimg's floats, short fiber, 100 par cant ball-milled, and

long-{iber sgbestoz dust.
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. )&é Qnt itk “Finz!g Floats” Lsbastos Do

The {frst irhalation experinent conch:cted at tha Sarwnac Leboratery with
3sbestos dust was begun in 1928. animaly inhaled the dust for pariods um to
nearly three yesrs and some guines pigs lived for abourt fouwr yesrs after their

first expos\xre 10 dust. ‘b preliminary report giving obaer;;tian:.a;:erv 2
months of exposure appedred in the Fedbruery, 1'931 issue of THE JOURMAL OF INDU-
STRIAL, HYGIENE.®* At that tims oﬁmations covered & period of onmly 2-1/L years
and the conclusions as to the vltinats ¢ffects of inhales agbestos duat were
Provisional. Results of the completed study shor that most of the conclusions
drewn in the prelicdinary report were substantisted. A complete review of this
experiment follovs.

12. The dusting material vas a commercial variety of asbestos dust known
as King's {loats and was composed of short fibers and particles of
wvariable mize. It was obt Trom the Thetford, Quebec plant of the dsdestos

-

13. The dust composition (Tsble 2) reveals that the gmount of flbrous chryso~
tils was only 1k per cent, a rathar low valna. However, there was suf-
ficient fibrous material to produce a charscteristic fihroels.

1. The dust concentration at first was quite low and for impinger samples
tsken poon after the experiment was started, the averags light field
count. by the etandard techmique was only 5.0 million particles per cubic foot of
air. An appreciabls nuaber of large particles (or iibers) also were present, as

*STUDIES ON EXPERIMENTAL PNEIMMOCONIOSIS. VI. Ichalation of Asbestos Dust., Gardner,
L.U., and Cummings, D.E. J. Ind. Hyg., 13: 65-81, 97-11k, 1931.



ghosn by an average cawt of C.3 ndlidon far nzrticles grsater thas 10 wicrons.
After the inhalation experiment had been undar ¥Ry {or akcut Two ¥ears, the spaed
of the rotating paddle in the dustlng rachine was incresced ang i‘;r the remzdin-
ing 9 or 10 months of tba experimant consideradly nore dust was dispersed into
the-atzospherc. Average cdust counts for impinger samples éollected Frtes tHIZ™
change were 53.7 million for tha ususl li.zht-ﬁeld methed, and 1.¢ pd1lion faor

particles larger than 10 sderons.

15. Reaction in Anime=ls to Inhaled "King's Floats® 4sbestos Dusi. Results

of the investigation, briefly sumzrized in Table 3, ‘atow that inhwla-
tion of King's floata ssbestos dust produced a typiczl yeribronchiclar fitrosis
in gninea pigs but not in rabbits or ravs.

15. Guinea Pips. Seven groups of guinsa pigs were used. Ia three groups
the effect of & contimous and of an interrupted dust
axposure was gtudieds in twn other Croups the relatienship batweea infection and
dust cxposure was inwestigsted. The remaining two groups were infection comtrols.

17. Rate and Type of Reaction. Cuinesa pigs iohaling this dust for parioda
un to 33 monthe duveloped a characteristic
2ibrosis cccwrTing in conical patches about the tory bronchicles- i T .
this exposure the peripharal alvecli ware not iavolved. The particulate elewenta ke

in the dust wore transported to the lymphatic systas rhsre thay caused no signi-
ficant reaction; the fibrous elesceuts remained fixed zt the site of criginal
localization and wore saldom datected 4n the lymphoid tissue. Plewrisy and fi-
brosis in the septa were cbsarved only when infection complicated the procsss.
Aftar exposure of approxicately a year, a sw2ll amount of cellular reactlica
had been produced about many respiratory hronchicles. As more dust was inhaled,

it continued to accumlate in the same location snd iszter stagss of 2he Gisease



consisted ef etensions of tha original lesisns. Naw or=as were not imvolved.
Apparently,; the inhialed fiYery were caunght in the pocketeliica #lvesli thpe
are givan off irom the lzteral wlls of the respiratory bmnchia;as. There they .
wera vhagocrtized and mary of ther were carried into tae well by migratory ceils.
1Sdomuciear lencdcyias attracted to the area caused an sppreciisis T i cganing ot
the oronchial ¥all. After 16 months & dalinata fiYrosis made its apreeyance.
The procecs ewolved so graduslly that mitotic division of fitrgblasts cowdd
rarely be ciscovgred; neverthelsess, the mumber of fine iatercollriar ccllagenous
fibars (fibrosig) steadily increased. As thia fibrosis contracted, 1% partially
closed the alveoli, and with this atolectasis the lining epithelinm asswsed ita
embryonic cuboidgl form. The result was the ademmr-l.‘l.ka appearance that Willis
described in guinea pigs inhaling stlicon cartdde. The longer mosm-os resulted
oaly in more thickexming of the walls of tha xir spaces, largely due to aa in-
crease in the amount of fibrosis. The fibrous tissue always remsised cellular
and never showed the hyalinization charecteristic of silicosis.

18. Progresgicn. The reaction produced im expowed guinga pigs did not pro-
gress significantly during a awbsequent perdod of 37
mnthsvhmthemdﬂlauvudn;&mlm. Between 8 and 11 months
after exposure ceased, tha cellular reaction had been completely replaced by
thin strands of fibrous tismus. Observed still lorger, the scer tissus decreased
in zopount but in the last animl sacrificed, 37 months after discontiowing dust
‘exposure, soma Lfibrosis was still visible.

19. Infection Coincident with past-Inbalstion. Orf the group of LO guinea

Figs infected with atten—
vated tubercla bacilli (B strain} J1 died or were sacrificed before two yeare
af dust exposure and ware f‘e[nrte.d in the paper oy Oardner and Cumpings mantioned




above. Saventesn of thssz dizd from latercurrent rmeumonis. Briefly, 4he ra-
sults vers as follows: 10 revealed scme evidence of spread of the tuberculous
process; 1n 6 of these it was confined to tha lungs and 1a the Q;h.r L the
sbdominal viscera 2ls0 were imvolved. Usually a slight locsl extension of the
tuberculous irfection-had occwrred bul rubssquent hezling hed-remvded-in-£i>
brosis of both tha prlronary lesions end the secondary lesions in other srgans.
The bmssled pulmonary legions showad more fibtrosis than is characteristic of
either {tberculosis or asbastosis alone. )

The § animals which wara still alive aftcr two years of dust exposure vers
sacrificed at intarvals during the following year. In k of them the primary foci
of infection had healed with fibrosis and even caleification and there was no
evidance of progression. In the other S the tubarculous foci showed evidence of
havirg previously spread locally: iz 4 of them 1t had hesled, by tha tima of
anutopsy, with excassive fibrosxis; in the cther snisal there was a generalized
chronic tuberculous pneumonia in one lobe ard isolated primary tubercles, which
ware still active bat hed not sprsad in the other lobes.

Evidence of extension of the infaction ¥as first seen sfter 7 months of dust
inhalation; during the next 20 sonths more thso half of the anixals showed an
actively sproading tuberculoxis aud in 3 of them swall cavities had developed.
Dring the last 8 nonths Do amimals exhibited axy evidence of active infacticn
‘althongh in half of them the hsaled fibrous scars of previous extensions were ob—
vious. Sixty per cant of ths guinea pigs with spresding pulmonary tuberculosias
ghowsd tubgrculosis of the aspleen and liver,

20. Infectiou Superiaposed Upon an fatablishod sabestosis. Twalve guinea

pigs, after in-
baling agbestos dust far uesrly 26 months, were infected with tubexrcle bacilli and
then removed to normal air. The subpleural tubercles in the dusted animals ware

\

=11-




no morg mum2rous than in nen-dustad coatrsls; Bt a considerable tuxber ware
found in the depths of the lung ebout foci ol usbestosis. The Tescilon to infac-
tion shoved only sligat local extensior about the origiral aites in the lungs
and tracheobroanchial Iymph nades. The atdominul viscers worz involveld in only
ofit animal. Caseaticiwas fourd in “uberclse 1-1/2 monfhis old GOC & £575
mopths it had complobel- Aiaogpesred. T.'-::‘.'.“.;‘ o Tostne by The Selter s3I0

persisted In tha lagt aximal, whic: vas killed 1l Lonths atter izfoction.

21l. Asbaestosis Bodigs. loderate nuobers cf eshestosis Ynlie3 occuxrred in

the luages of the guinra pigs, be~cxing more numarous

and more distinctly segmented ip later 2ouThS .

22. Rab'bi:s.. Rabbits exposed tc the acbestos dust far parixds up o 1Y
ronthg developed a low—grade foreign~body type cf reaction but

no flbrosis. Although their lungs contained particulate ciements of the dust,
fibers ware not presaat, indicating that the upper raspiratory mschoiism of the
rabbit 1s adequate to exclude fibrocs foreign bodigs. T rabults, alter inhaljing
dust for 6 and 18 mouths, lived in normal air for more thal: two years: at antopsy
oaither animel showed agy evidence of cellular reactian or fibrosis in ths term—
inal bronchioles nor wers there any asbestosls bodies.

23, Rats. 411 the whita rats had acghired am infection, reseltinz in the
. fom of pulmonary abscesszs, dbefors ther camc to autopsy.
Apparently, so much h-w,.r mucus obatructed thair twronchi that wery fev fibers
could have entered their Limgs. in a few of the rats, an accacional asbestosis
body was discovared but there was no fibrosis.




L. Sunary snd Dnterpretaiion of Inhatation Exteriment with Fiag's #Floate Dust.

The findings in ths emparimept nth King's floats dnst gan te summar—
ized undar thres headings.

_A- Effect of the irnhaled dust on nermal am:uals Ths Eir.g's fcatea

~— - b R b~ —

Gust cmsed a charac-
teristiic wr:.tn*anchinlar fibrosis in gwinea pigs but not in rabbits or revs. Ths
fStrosis éid not progress after the dust exposure vaa discontimmed and the guinea
pigs transferred o normal air,
B. Effect of the inhaled dust on tubarculosis in guinaa wigs. In guinea
pigs in-
fected with 3ttenuated tubercle vacilli and then placed in the dusi roam, the
results varemra:aruhlethmisunalinanezparimtnftm type. A few
animals ahowed no sign ofpog‘udon; in most of them there vas evidence of tex—
porary progression vith subsequent healing; in ane animal there was contimous
progreasion to death. Jn comtrzst, when gulbea pigs, after being infected, are
exposed to guarts instead of asbestos dust, the iofectious pracess continuss te
progress and eventuzlly causes the death of the axlmals. On the other bnnd, ax-
mofwmwwammthha@uwmdmmt
lesd to eny progression of the infection. Ouinea pigw Infécted With attenuated
tiberele bacilld following the tarmination of sbout two years! exposure to asbestas
dust did not develop progressive diceiss. The anly modification of the infection
wag in its localization, & fow bacilli heing retained in the fibrons terminal
broonchiocles and forming tubercles there in addition to the ugeal fool benesth the
pleura. -
In view of this variability, the umusual naturs of the rusponse and the high
proportion of deaths from intercurrent pueunonia it is felt that dsn.n:.ce concIu~-
sions 23 to the influence of m on the course of taberculous infection ara

not justdified. - Y




R

-~

S %
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/ tion ¢ with Short-Cider ‘Asbastos

Sinca hezardous dusts like quartz are mayt «ffective in pmfiw;ug fityosins
wnen the particles zre 3 gicrons and less in size, an iohalation experitant wes
carried on to determine whether this conddtion ia tooe also for asbestos dust. It
was thought that by using a short-fiber cobextos dust consisting almest entirely
of fibars and particles smaller thin 3 nicTond an accelsrated tissue reeponss might
be imitiated and an advanced reaction obbiained in a short tima. The previous
4rhalation experizent with King's floats ssbestos, which cantained fibers from 1
m.hldmnarluainwhunnuamm#mmm
and which produced a typiczl peribronchiolsr fibroais in exposed guinea pigs,
servad as a basis of comparisoco.

26. msmmmgzummtu:maﬁtmw
plant of tha Johne-limville Corporstion. It was tha rewsins of fibers
m&cmmdmmmcacﬁi&mtmm:mwmmm.
Since the matarisl as received coptalned maxy long fibers, it wis ground In &
ateel ball mll to-reduce practically all the particles to 3 microuns. ar lass in
size. VWhen used slona in a standard dusting sacidne, this finely-ground ashastos
taoded Lo pack in the hopper and it became nocessary to wix ops volums of ths un-
ground materinl with three volumes of the ground to ¢uterate & satisfactary dnst

cloud. The additian of the mmall quantity of unground zsbestoa was unfortunate
becguse it confused the int:n'pretatd.an of results. Probebly the minor emcunt of

reaction that developed was due to the long fiberg in the mdixture althongh the

-1 .



data of thiz experimsnt do not prove the point.

27. The composition of tho shart-fiber ascestos &s received is tisclosed by
the chemical aad petrograpuic analyses givea in Table L. Samples taken
befare and after grimding yielded sbout the =ate veluss.in analyEs,. iudisatirg
that there was mo contemination from the mill or 1833 of water content.

28. The dust concentration varied Bemewhat dwrlni the ezperiment and 1ight
ficld comts for gtamspheric ezmples collected inside the animal cages
with tha impinger apparatus raoged {rom 83 willlon to 152 million. The average of
counts was 130 millicn for the firat yvar of the experimsnat., 13L rillion for the
second year and 1U0 million for the third year.

29. Slae-frujuency measurements of eir-floated dust from inside the cages
at a magnification of 1300X revealed a great preponderanca of fins par—
ticles (Tabls S). YNearly 90 per cept of the particles sean were smaller tban 3

oicrons.

30. Heaction in Animala to Inhaled Short-Fiber Ashsstos Dust. Four species
of animals - guinea pipgs, white rats, cats and rabhits « were used in

‘this experiment. The results of the dust axposure, which are sumariged in
Tabls 6, W)l be considered more in detail below.

31. Guines Pigs. Eighty guinea pigs were originally placed in the dust room
but 21 of tham were later eliminated from the expariment

and killed because of enlarged lyxph nodas. Of the othar 59 anirgls, L5 remained
in the dust room until they were sacrificed ar died from natural csmses apnd 13,

aftar being exposed to dust for 20 months, were transferred to a normal atmospﬁm-

32. Rate and Type of Reaction. The type of tissue reaction to the inbaled

}j.{ N
3
:
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shert~Iiber ASDestIx <axz Quseniially (ha serm a3 that already obsexved in the
eperizent with Kirg's floats azbesics. The rate of reaction alsdo WaS approxi-
pately the axe but the axtent of invelvement with the shart—fibar dust was

very much less and aftier 15 to 2L monihs of epdsure only & very few small foci
of Teactitn, which geaarally raquired microscopic examination £8¢"Eataction,; wars
prodxr.ed in the guinca pigs.

Until exposures naé continuad {for apgprozimately one year, there was 1ittls
tendency for dust—contairing phagocyian 4o collact into clumps. By 14 zonths
phagocytes had begum to collect about the wulls of 3 few of the respiretory twoun-
chioles with & little molifaeretion cr infilirastica of monomclear cells in these
walls. There were alvo same multinuclssted cells bubl they were alwnyz of tha
inert foreign-body type. 4t 2C to 2! mooths the cellwlar clumps were .acmtim
quite marked and somstimas changes in ths apithelliuxz resulted in the adenoma-like
or "3dencnatoid" appoarance mevicusly described in Section 17. In most of the
subsequect nenbers of the geries, the rsaction raxsined cellnlar in type, In a
few, howaver, fibrous elemgnts darinated the picture. In the latter case, the
collagen was yalz in color and tenuous with no heavy swollen hyalimiszation. &s
in the rste described below, the aiveolar walls might be mads up of 2 band of
collagen supporting a legrer of epdithelinm, but with no contained czpillaries. In
the tracheobronchial lymph todes thae reaction wes rore ronocunced in this experi-
ment thag in the previons ome with Xing's floats asbestos, probably because of
the trensportation of an excess of fins particles to the nodes in animals inhaling
ghort-Liber asbestos. The raactior was essantially an increass in reticulum, rathar
than a fibrosis, with preservation cf the origiual c=lls betweev the . thickened
reticular fibers. ‘Dirfuse'c.‘n'oni; rleurisy witnout evidence of pulronary infaction

was pregeént in a few anixals.

~16-




33. Progrsssicn. In the i3~3/4 months following the ceszo%ion of 2C wegthns!
exposwa to dust, progreasion of diseasc vas cot definitaly
demonstrated but nemither could it be absslutely disuroved, owing to tha wveria~ .
bility of ihe response in difrferent aaimals. AL ths end of the dust exposure of
20 oPnths Two pigs wereTesd 83 ¢ aid ona ag 2+. 4Among thd 13 réé:.'re?”?&.&-—t.
the findings wers varigble: in 2 the reactien %38 ; in ki it mag +; in 3 it was
3e; in 3 it was L*; ond in ane animl it mas 5+. Il is quite possible that those
with the mtmmdmsmmdmnhmdmnrmtmtmmm—
der by the time exposure ceased. Since tho more Bevére resctions occurred Spora—

.dlecally and bore mo reletionship to the length of time aftar cessation of expo-

sure the differences were attributed to variation in individusl gusceptibility.
wm@mwnmtmmm (Table 7), which often re-
vealed conparsbls srounts of ash and gilica in lungs with widely differsant amounta
of tissus change. For mqﬂa,ﬂmashanddhuvﬂmst&aqm&emtar
three animals in dust 20 months end then in pormal air 13-3/h months, yet the tis—
sue resction for one animal was lLe; for another, +; and for the third, only *. |

34, Asbestosis Bodies. The formation of asbestosias bodiex vas at first ex-

trenely limited. After 5 nonths' exposure canly a
vary rare short body cauld be found, usnally inslda of cells., Around the finest
intracellnlar particlss there were yollaw deposits having the same color &3 the
zsheatosis body. FExposure of oos year had parmitted an accummlation of many longeg
f1bers about wirich the asbestosis-body coating developed. Uost of these ware
st111 chort encugh to be partially or entirely within phagocytic cells. By tha
20th mopth and thereafter, they vare couparatively pumsrous although still rare
in comparisan with thae findings in the King’s flaate axperiment.
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35. Thite kats. Seveniy-iiues white rcia ware exposed to atIoepheric sho—t—
£z AShestos duwt for pesinda vp to 32 m;nt‘.w- Sacri-
fieinzg during the Lirst 10 agatha weres aade Wrontylyr and for the rewmaindar of
the experizent at lass {rsquent intcresie. o i ATy e i

36. Rata ard Type of Reactjon. Tha dust cells untili § months were widaly

scatiered ansd edeted in fobti only sporadi-
cally. Bsaction wac limited to occosianal slight thiclemings of the Septa about
apall accumintions of dust cells. In a few rats 3t 10 wonths, there was a suz-
|sl'.1.mof early fibrosis bui ths charca was o slight that it would probably be

/ ovarlocked without tte clump of dust cells to sttraci atiention to the srea.

)

Only 10 animals were expoged from 12 io 32 months. In each of them the lungs
showed mirmte psiches of well~defined fibrosie distributed liks thas of asbestosis
but without asbestosis bodies. Tbe lesions, visihls only at & magnification of
150 diameters or mare, consisted of patches along alveolar ducts in which the walls
of the eir spaces wers very thick, due to swllem collsgen fracework. Comnective
tlsmme ami Foot-Blelachowski ailver reparations revealed camplete loa:d‘ capil-
lary bed locally. Outsids tha collagen vas a thin lsyer of epithslisl calls.
This did not resesbls tha “adencmatoid" change characteristic of gulnga g as~
bestoala. th pleurisy was presont. Nesr the lesicns the air spaces wera fillad
with phagocytes containing grey to yullow particulate dust apd a rere long naked
asbestos fibher. Careful search failed to reveal evsn a suggeation of an asbesto-
sis body. The trachechrouchial nodes showed compact focal collsctions of mono-
cytic cells st 12 moaths and, at 20 montbs, soms diffuse thickening of the
Teticulmm, In a few rate thex'a w5 definite fibrosis zlong the margine of the
node and extending into the medisgtiral sreolar tissane. Compared with the respoasa

to active dusta like quartz and chert the reactien to short-fibar asbestos was

nagligible.

/|




Rastlis of chembcal ansiyzer zaiq oo tic while rats ara given in Tabla & 338
the averaje valuics nave baen tahulatesd in Taole I for commiriscn with sisilar
values for rats ishaling othar dus;.a. The conceniraticn of zimoapheric particlas
to which the animals wered expesed was epprozimately Tha came far esbestog and
qua-tss for the gypstaquartz mxbure, it was abeut txics i2 tagh SHT PorEheR T

iye times &3 high. It will be notod that tihe percentesas {or sahsgtos ere lower

than thoge for quarts or chert bt are siZisT tc Those for the girTsum-~quaris
mixture, in which atesospheric azglatination (oo’ Lo seduce tae amomnt of dust
inhalcd. It might be infarred that the total guantity of asbeetos dust inhsled
was low or that it had bem eliminatad from or disgolved within ¢he Ilnnga. In
the preseat stete of our knowledge evaluation of thess Lypotheses 1s not possible.

37. Cats. Twenty cats wera used in this inhalation experident with the '
sbort~-fiber asbestss. Dighteen were lwupt in the dust room until ’
death, tha expowure period ranging from cne mopth to nexrly L-3/2 years, and twc, :
aftar a dost expasure of 3i-l/2 months, were ramved to normxl #ir. One of these
wmas sacrificed S womths, aod the other 2L months, later.

38. Xate and Type of Beaction. The reaction was essentially that to en inert

dust, even after mora than L years of expo-
sure. The t.is_sua response in this species wax confimed 1o microscopic focl of'
fitrosis in the walls of gruups of eubpleural slveoli, rather than in the peri-
tronchiolar ercas. In one animsl the change T2s ext=znsive encugn ta be wigmlizaed

an grosy inspectiocn of the section.

35. X-Bay Chenges. Only in the amimz2l with the longest exposure did the
LI-ray roveal definitaly aboormal shadows. After 29-3/1
nonths the picturs was negative; aftsr LS montbs a faint mottling could be detactad

throughout totit lunge. 4t autopsy. § =onThs later, ithers was only aicroacipic



Seronis in the tubglaural zozma Sl hoaamy Ivachegytic infilteratinn absul smels.

bErenachicoles.

19, Actestocis Eodiszs. On 7wrolanged ssareh 2 few yellce stvpical ushestowvis

~ ' < - vedisa, smootin and wWihort haust ztiong. -urc _Zoamd

In two anisp2ls erpssed for mare than i yoor.

s
v

bl. Rabbits, Eight rabbits ware exposad to dust for poricds cxtaziing from
one to wors ttan fiva years. Toes last anisnd tas rexcves
froa the dust room and loft in pormal air 6 months befors veing sactAficed.

2. Rete and Typs of Reaction. Memwcmaughfib:asis_toﬁede?
tected grosaly and there ws o caronic
sdheaive plawrlzy. Microscopic evidence of elveclsr wall thickenicg was first
mu&abwtsmotaposmmdmuhmﬁnmmd
theresfter- In ons animal that died of paralyeis aftar nearly fouwr years of ex~
mmmmmﬁ.nmh?obaﬂmhmmssmcumof
tissus sections. The possibility of pulmopary Snfection in this amimal could nob
becduded.. Howeaver, in apothar animal dying too yeare latar the focal fibroais
mmtnear]yasoh;imucrcsm. irgas of involvement, which were
mmmmmummmﬂthhmemm,.m
wicruscoploally to beoora mere fibrous with the psasage of timo but there waz

never moch encroachment upen the lomsn of air spaces and the architeciure of the
lang *as preserved.

L3. JAsbestosis Podier. Asbestos bodies wure not detected in rabbits that

died earl;r in ths ePerimant tut were scan in all
eair.a]sthath;dbeenaq:csuitothnémfarmthmﬂuveym.

am




e Fumnry apd Iabacpretotdon.

The sxdicias) purpsan of the expXyimTens Wes to eraluate the chemical
thery of the pethiogenesic of aswestosis. It was Zalt thet if tha tdissus reso-
tion 6 agdestas wese cnem.cel io crigin an accelarated or ascenbuated respunse
mﬂd result from &xposvTe wa .‘.‘1:|w~d1v:.dad asbestos, a3 ’i;: ‘bb.n.'c:s::ig u;;;.
This exveriment, in which the resciten xas elcrer and less extensive than =in
Fing's flasts, indicates tha® tha m@ 16 Dot primcrily ehexicad sn U/
wsture.

Of the four species expogsed in this experimant only the guinea Tigz exd
I3t reactwd ith characterigtic peribronchiclear fibrosis. The cat rescted with
atypical aub-planrel filrosis end in the rabbit the fidrosis ahick ccaurred could
pot. de pogitively atiributed t0 ths dust Decaunse of a €lrong possibility

of puimmary infection. NS -
z—

| xuvMﬁN =
A5 mssen mperimen s 10 ver G st Aot bus.

In the inhalation experiment with short-fiber asbestos dust a swall quantity
af ungromx] asbegtos was mized with gronnd matarial in order %o produca & guitable
dust cloud. %hen evidencs of & dust reaction appeared in the guinea pigs during
the experiment, it was not clear whether this was a tissue response to the sauall
aumbar of long fidare in the naground asbestos or wes 3 dalayx effoct of the nure
abundant fine dust. Coosequentldy, ancthar inhalation axperiment wes started in

which no wnground paterial was uaed.

h§. The awting material wa tha u-au:d short-fidber asbestos used in the

ravious inhalation experiment btut po wnground material was xixed with
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Orinrs to the cendsncy of the mxtec: . o fous 3L soharules ich vrovented :
eicih of tie fibeous porilan Sroxm Tlesting out of The hoprer, Li2 disyarsai of
the dust wac pot entirsly cavisfactory anl efter 7 mmths &f operstion, tha dusi-

ing machine waz r=copvertzé tc itg crizinal design. To wravant "pilling or the

faritstion of ;pmruigswo'f cgoeatos, ctrel wirs bruches vere attached to the fan-

sids eurfase of the hopper and (o the rotating paddlz. Tbis owangement gave

matisfactory results and waz used for tha Seasinle; 27 conths of the ernperipect.
47. The iticn of “hs Taw metoridd (ehcrt-fiber asbestos) ard of atsos-

pheric dust liberated fiuc toe t2ll-uilied prodvct in ke drusting ma-
chine is given in Table 10. Thesz values are based tpon petrograpnic study and
X~ray diffraction ansdy=is. The sta:sphoric sammle was collected vj.t'h an elec-
trostatic precipitator efter wire brashes had Seen installed in the dusting
machine. Previcuas to this. the carysotile coatent of the air-suspandac material
was undoubtedly less iban the 15 per cent vzlue given in Tabls 10- In an intes~
im report, it wup stated that the air-borns dust contained about S per cent of
chrysotile before the wire brusihes mere usz23 and up to 6 per ceut aftermards, but
these valuea were procably low. Cuantibative estibates on ball-milled asbestos
dust may be somewhst imaccurate becausae it is difficult to determire haor mach
of 2 Qust ssaple i fitrous clrywotile and how wmch is non-fidrous ssrpantine.

LB. The dust concentration for the first 7 momths of the sxperirent was

about 100 willion particles par cuhic foot of air. 4fter the wire
brushes had been installed, the dust covnts wore & little highor and the overall
average for the first year was 106 million. TIhe average of counts for tha second

year was 163 nrillion and for the third year 1LS m=1lijon.




19. Tre size—froguency af tiia StoIMCrnenis 6l aulesphisvic Cust callected

inside the axczal czzes wiih ths electrostatic acparatus is repo-ted
in Table 11l. Two sauples ware talen, ong bafore the wire brashses wmuae installed
and cpe after. It will be noted that alter the wire YTushes were in use a

greiter proportion ¢f vary fine particles anc also of longir _x“iﬁéi-": vas relsased

50. Reaction in Animsls to Inhalsd 100 Per Cent 3all.-Milles Asbestos Dust.

Guines pigs, ratc and nice wese uzed in the inhalstion sxperinant with
the 100 per ceat bail-milled asbestos dust. The results are summariged in
Tabla 12. |

51. Cuinea Pigs. The experdiment was startsd with 100 guinea pigs. a2 the
‘ dust exposure procesded, there were 39 accidental deaths,
32 of pnaumonia in an epidswmic. After 28 months of duating the 16 surviving
guinea pigs were transferred to normal air. ' -
‘ €
S2. Rate and Type of Beaction. For the first year of exposure practically u?
the only reaction to tha dust was the pre-
sence of scattared phagocytes and an ncoasiouaAl minmte esbestogis body. 4t 16
apd 20 ponths no grosa rTesponas was visidbles on the t:'..sm section but microscoplcally
peribronchiolar foci of inflsmmatory cells could be seen. At 2k months there wss
at11] no change Jarge enough to be seen xith a hand leus although wicroscopic
axamination revealed csllular sccumilations about termipal bronchioles sad many
more asbestosls bodies, chiefly within cells,
Chemical analyses of the lungs (Table 13) reveal that 4n spite of Tthe
limited tisgue reaction considerable dugt haxi been retained 1n the lung.




. S5- Trogressicn. The lungs of animalc exposes for the full dusting geriod
' (26 rmonths) and than living im normal air for 2 menths

revealad the changes descri®ed above and al=zo very slight peribtronchiolar €ihro-

gis. Aﬁuﬁmnﬂsmmtmlmmﬂnﬁngxmdﬂmbutatlzmmha3

€

of L animls showed grosslMd.b]g characteristic peritn-onnh:.olar rilroais with

adenomatoid change.

~

Si. Lymph Hode Involvement. The trachecbronchial nodes were essentizlly
n;nuwmtﬂmhadbunmm
for more than a year and a half. Animels saccificed at 12 months and 16 months
ravealed 2 few pdnonte collections of phagocytss containing particles but prac=
tically no fibers large eucugh to be recogzized as such. A.ftarzoaa;nthaof
axposure many monocytes filled with yellow granulge wers present. At 20 months
‘ there had been 2 slight increage in reticulmn dut ne ZTityosis. bo further chenges
accyTed in the nodes. Asbestosis bodles were not geem in the nodes of any of

the guines pigs.

55. Asbestosis Bodies. Miamte asbestosis bodies were obsarved an carly as
| 3 ponths after exposure hegsn, but they ¢1d not be—
come wmngrous uptil 16 manths had elapged. The bodias were short and practically
all were intracellular, althoughatzonmthaaoumlmgawngb.tomject
beyond the cell borders.
| Tt is important to note that in the later months of exposura thara was s dis—
tinct increase in the mmiber of long fiders @p to 70 microns in length)in the lungs
and that after expasure ceased characteristic long asbestogis bodies were seen.

S56. White Rats and Mice. In this experiment LO rats were exposed for periods
‘ up te 20 months and 2k mice for periods uv to 12




mopths. Leitter species developed avan 3 sugeestiocn of csbestosis and presction
was limited to vhagocytosis of inkaled purticles by widely-scattered dust cells
which renained fres in &ir spaces or were transportad to the trachectronchial
lyzph modos. No asbestosis btodies wore found in the rats but in the mice there
T e v . r . U g NSRS PRy

uar:a very few amal) nop~haustrated forms within pnagocytes. -
In 21 mousae lungs secticnec there ware 3 instances of pulionary adencwa (1L%).

-~

S7. Supmary and Interpretsticu.
The tissue reactiona comervad in thls operiment were mnch less eztensive

and slawer in davslopment than in the previous investigation with short-fiber

asbastos. Since presuxsbly there were fawer flbera lopger tnan 3 microgs in the
material used in this experixent, the reasults temd to confirm the interpretation

made in Section Ll of tha short-fiber experiment that the reaction pwedsly is not .~
primarily chemical in maturs.

The finding of long asbestoais bodies in animle imhaling the ball-wmilled
naterial is an exampls of the difficuliy of completaly eliwminzting long fibars from
an asbesatos preparation.

In regard to progression of resction after removsl from dust, which was ocb—
served in this experiment But mot in tha others, the following interpretation is
offered: Then the resction is well-developed at the termination of exposure,the
contraction of the fibrous tissue would obscure any possibls progression. In this
experinent, however, since only the earliest stage of reaction was fresent at the
time of removal from dust, its subsequent progresas was 2pparent. It should be
noted that the degree of progression was 30 slight that it can have 1little, if

any, practical significanecs.

-~
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After awinais Anhaeling shert-fider asbestos dust for more then a yuar had
failled to dovelop significant rcaction, ths bypothesis thal asbextogic is pro~

duced by the mmchanical irritetioca of loug flvers was glven acded support.

atdm—
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Since the King'= f’l‘.cats asbastos used in the first inhalation expariment had

——r—

a rather low content of filbrous elrysoiila and contained considerable serpentine
and other fimpnurities, it m decidod to conduct a new inhalation experiment with
a purer form of chrysotile whick would be richer ir long fibers.

S9. The dusting material eaplored in this investigation was obtsained from
the Manville plawt of the Johns-denville Corporation. Sawmples of se-
v&al varieties of asbastos dust were first suomitted to the Saranac Laberatary

for examination and one iind, identified aa lot D, which was low in megnetite
and ctromita and had a fibrous conteut estimated te ba abeut 75 per cent, ws
gselocted a8 most sultable, Steel vire rushea wara fastencd to the ingide sur-
face of the happer ard to the rotating paddls in crder ta open up the bundles
of agbestos and liberate more fibers into the wtmaspherc.

0. The composition of the lang-fiber asbextos used in this experimant ia
indicated by the chemical snd petrographic analyses given in Tadle 1,
It appears that this materizl was a much purer farm of ssbestoz than ths short-
fiber dust uaed in other experimants. This is borpa ocut by comparing the apprax-
imate analyses of the long-fiber amd shart-fiber idust in Tabla 15.

&l. The dust concentration as revaaled by impinger samples taken insids the

sgimal cages was mach lower than the conceatration for the expariments
with short—fiber or ball-milled dust. For the first year of the experiment with
long~fiber amsbestos the average of tha light figld counts was 32 milliom; for

~L




the second year, 48 million; for the third year, 3P milidsn; wne for the fovrih
ysar, L3 millicn. ESxardination of the icpirger sexpisse TLIL dark field illwxin-
stion diaclosed that many fine porticles legs then one wheron in -sizu acsompanied
the larger particlas and dark £i<1d counts were, o2 e &¥erege, a2bout Scor 6

tines larger than the Tight field counts. M

-

62. The size~frequency of atwxospheric saanias of iNc lengefiker ssoestcs
dust 20d of the ball-millzd dust 13 atcwn in Teble iS. Foth sorples
wara collected with tha electrostatic pracipitatsr. Xt wiil bz noted thst thare
was far more firouvs material in the long~fiber cust.

63. Reaction 3in Anizmls to Inhaled lamp-Fiber Asbeeios Dust. Guinea pigs,

cats, rats and mics were amploved in the inhaliation meri\;;ut with
long-fiber asbestos, Hesults of the experiment, suomarised in Table 17, are
described in greater destail balew.

6L, Gninea&g. The experiwent was stsrted with 100 guinea pigs. Afte-
cpasmhadhuuemoarcram.saqgreapd.dadc
of pnoumonia aruss in the dust room and about ono-third of the animals died or
were killed. To replace them, 38 more guinea pigs were added tc the survirving
group in the. dust roca.

65. Bate and Type of Reaction, Histologicsl exawmination rewvwalsd grossly

vigible lezions ia the lungs after € months
of expasure to dust, consisting of cellular imfiltration sbout tha tarminal
bronchioles. At 12 months, there ware adencmatoid changes in the air gpaces and
by the 16th month a defigite fibrosis was present in these areas in half the
animats. The fibrous lesion coul;l be seen pacroscopically at 20 months. From

this time on tha reaction ipcreased in-extant and in the amount of collagen and
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e iz SN mOmLl, 4% had fenned cul into the perepcliTE. The lesions were
rethes shatply lozalized 2nd the extensicns from differvat branetiolss saowes

o tendoucy 1o fusn, even in animals exposed for the maricom perdiad (3 wears).
Aithouga the irtra-pcimonary reaction somatimms raached the Plews, there wTs no
Mlvcment of tat penhrane.  No empliyysexa w&s visibla at any roint. Some
thickenins of the larger tronchi with a chronic th infiltration was re-
Tealed, but it p.'.'ob-ahl:r was no dors than would te wroduced by a simiia> exposure
to agy dust. Por the fizst € montha the phagocytes consisted of monocytas cr
very snali gianrt cells; later, giant cell formation wvas »ore prexinent. After

16 months the glant cells were large, filled with yailowisbh-trowp pigmenc and
sometimes vacuclated. An cccasional animal shiowed &n wduixturas aof polymorpho-
nuclsar leukocytes and, in guinea pigs expozed for a coaviderable perisd,
eocsincphiles. The reaction was at first entirely cellrlar bhut by 15 months £i~
arous tissue formation wa3 definite. Eowever, it mever atta ned a stage of

hyalinization stypgestive of silicosis.

A moderate individual variatlon occurrecd anocng the expoged uﬁmJ;, both in
the rate of devaloping lasions and in the stags of develomment attz:inad at the
end of exposure.

Analyses of the lmngs (Tabls 18) disclosed that although the tissw. rasponse
wvas mich greater in thase guinea pigs thap in those axposed to eitbar shortefiher

or ball-milled asbestos, the amount of mdreral mattor in the lung ash wes lues.

65, Frogression. In guinea pigs exposed to the dust Zor 20 momths and tiza
removed to normal alr, thers as a maried tendency for

cellular inflemmatory vreaction to clear. This affect, accompanied by contraction

of tha fibrous tidsue, resultsad in a diminishing size of the focal lesiana. lNoms



of these animals, willed at variaus veriocds D tc il aeniis wlicr exposure,
revealed lesions as large as thoss in vhe grovp gacrificed ot the end of the
20-mouth exposiuare peried or those in animals vhnich Foudlined 1t the dust room
for mare then 20 -wn*hu- Forrteen months after cust srposwre cessad, tre foci
in four o the six r-m:nins zuinea pigs were so small r‘nu taey’“v-t:.re_;:.s{bi; -
only with a hand lens.

Reaction in thMie groupr expased for 27 months aps thex trensférred to 2 nernal
atmospiere was quite sinilir to the response in the 20-<oonth exposure avimals
mentioned above. FHowzver, small foci wers always visible on gross inspection of
sections of all guinea piga of ths 27-rwnth saries but in mo instance was there
evidence of extension of the reaction.

&7. lymh Fode Involvement. Reaction in the tracheobroachial lymph nodes
was fivat visibtle zt the third month of ex-

posure. at the Bth awuoth patches of cellular comnective tissus begen Lo appear

in the medulla and by the lLth month most of the node had been replaced by
cellular compective tissue. This plcture, which resezbled that im eerly ailicosis,
parnisted to the end of the experinent. Some suxinmals, as a variant, showad heavy
sheets of diffuse monocytes and large actlive giant cells but thare vas never any
nacrosia or byaline formation, The spindlg~shaped pew cells were ywllowish in
color from fine pigwent pramles that stained for iron., No fibers -or asbestosis

bodies were saen. 3y &/5/1

v
68, Asbestosis Badiaes. Aalthough asbestosis bodies ware nea:;\u-aarly aa one

morth after eaxposure began, tlhiey were Tare and hazd
to find. At S mouths wore were visible, chiefly coiled insidse glant cells, and at
8 months many bodies ware free in comnective tissue. They becane fairly abundant

Conxt
a3 eposure pe-ag:moed altbough in some later canirals the asbtestosls bodies were

only noderately numraus.




53. OCatg., Four c2ts inbaled the long-fider asbeatos dust foT pericds of

1L, 25, 33 and L2 months, respectively, and were immediately
sacrifized. Twa other cate, aftar b=ing exposed to dust for 16 months, liwved in
a pormal atnosphare for au additicnal 2l memths.

- - e - " - - —— 13w o m—

70. Rate and Typg of Reaction. Exposure for 1L months was sufficient to

~ rroduce cellular sccirrulations of phagocytes
arourd terminzi Sronchioles and peripharal arterioles together with coxpact col-
lactions of siwilar cells in the trachecbrouchial lyopph nodes. At that tWxe there
were no typical asbestosis bodies, but smooth pointed yellow fibers were scen very
rarely. With contimad exposure, up ta h2 momnths, reaction in the locationa notaed
progressed to the formation of celluWlsr connective tissue vhich mzde well-defined
‘sheaths about the respiratory bronchicles and arterioles, marked lymphoid hyper-
plasia and lymphoid infiltratien of bronchiclar walls. The brenchioclar epith~
elium vas low =nd flattenwd, giving the tubex a sucoth centour. Typleal asbesto-
 sis bodies were not formed although there w2s an occaxional yellow, smooth,
pointed fiber. Mo pleurisy wes praseot. Ihe reaction was similar 4in location to
that in the guinea pigs, but fihrosis vas much slower in development and had not
reached the sams degreoe ¢of mmturity.

(1« A-tay Lhanges. Roentgenograms of thru cats were made after expoesure

yeriods of 25, 33 and 2 montbs, but tissue chapges were
not dense ensugh to be seen on an X~ray {ilm,

72. Rate. Although 20 rats were placed in the dust room, many died from pneu-
ronis and wera not guitabla for otudy. Five anlxals, of which ome
was exposed for 19 months and four- for 25 mmthse, ware free from pulmopary infec~

ticn and offar n basis for conclusions.
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' 73. Fats &nd Tyns of Remction. 4Ll four animals sacrificed at 2% manths

sacwed a well-narked peribronehislar fibrosis.

Tn the 19-month animal, resction was just begimming. Asbastosis codies were

practically absent at Soth 19 and 25 sonths although two small svooth bodies were
£Gand in the 19-month-animsl after ¢ leng se=ich. Thns,r thess antmals exhibited
fibrosis without asbestosis hodies.

Th. Mce. Out af 20 white mice usad in this expariment, ‘11 lived a year ar
nore in dust and died or ware Killsd without showing an eppre~
ciable degraa of pulmonary infection.

75. Rate and Type of Reaction. Reection was limited to phagocytosis by
woncmuclear cells. Usually these wera wide—
. 1y ascattered through the gir spaces; 2 Limited nmmber were groupad about the ter~
 minal Ironchislas producing soms thdckening of their walls. There was oo !‘3
gestion of fibrosis. .

7
Kumarous ashbestasis bodies ware observed in emimals killed late in the experi-
ment. Thus, thesa animals exhibited asbestosis bodles without filwosis.

7€. Sugmry and Interpretation.
The purpose of this experinent was to evaloate the importance of long

fibars in the tlssue responsae to inhaled asbestss, The results indicate strongly
that long fibers are chiafly responsible for the reaction. Thvs, in guines pigs
reaction daveloped earliar and becane mare extansiva than in previous expariments.
in gpite of a smaller concentration of atmaspheric dust and 3 lower eineral can~

tant in the lungs. Furthermore, a typical perilronchiolar fitrosis was produced

‘;.;‘cf"' ﬁ" =Y
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;_n cats though in a Revicus experiment) with shart—fiber dust it did rnot
devaelop in this specias.

The cause of the cellrlar filrosis;in the lymph noces of the guinea pigs
is not claar. It did not cecur in of.h'ér jnhalation experiments with asbestos.

In order to detarnine 10 what extent the varions fibrous minerals possess
“the capacity to produce tissus dsnagae, Domarcus injeation experiments wera par-
forzed. In these experimgnts guinea pigs and rabbits were used and the mineral
dust vas injected by the intretracheal, intraparitoneal and intravenous tech-—
niques. Far the purpose of simplification the findings in esoh asries of taeata
have been cordensed and reported in tables, to which refarence will be made
later.

78. Experiments Using Igtratracheal Techmigus.

Since the asbestos winarels do not canse a typical advanced fibrosis in
extra-pulmonsry tissus, tha intratrschesl technique is the perferred way of in—
wmﬁmmm}:un.mmm. In this method thd dust
mimuwwmaamm‘wmuepmutm
traches, from which it flows into the lunge.

79. Coupsrison of Fibrous and Nou—Pibrous Dusts. To desoustrate that the
abllity of asbastos to

procuce fibrosis resides in its fidlrous character, the steriaes of injection experi-
mants reported in Teble 19 were performed. The tests were made with unheated
lang-fiber chrysotile and with chrysotile that hacibm ignited to dastray its




Heinle Structure o 2o-milicd S0 reduce tha lapgi™ 21 Miber e I mooowud g
1ps3. AU the cixae Uil 20Tirol testa wers made viin sarvenatine. shlch lax Gl
sznz chomic2l composition as surysotile but Lis ton—-Ilwrous. £ zovhew SI ot

findings revsals that only tra vnhested lomg-fiber chryroiiis praduced finrseis.

, - o - —

Sipers subjected ta igmilicn or shortensd Yy bali-willing had “lost thair carasity
to causa Aerious tiscue danmge. Igpition produced lmportant chengems in 33 cay-

s¢ile fibers, smong them teing lose of weter, en clieration fron s fialble v

a orittle ctructurgo spd oLsibly other chancad.

80. Comparison of Jaricus Long-Flber Pusts. Some very interating firdioz:z

are clisclozed oy the resclts cof
the experiments included ir Teble 26. First, all the long-iiber askestos minerals
tested, with the exception of enthophyllite, profuced a typical Didrosis. It is
not entirely clear why anthophyliite behaved differently fiom the athsr asnestos
miperals. Tafortuwnately, © of B animals died of pneunomia within the first two
waeks of the axperimant ank the remaining aninels were sacrificed av 1, § axd 12
wonthej thus obscovations were not meds at the optimum pariods of 2 end L months.

Second, with tha mineral brusita, wWhich iz mat a silicale tut 1a & Sibrous
form of wagpesiwm hydrexidw, a chmracteristic fibrosis liks that of the asbestos
minerals was cbtained. Since the brucits usad cootaired only 0.20 per ceat silica:
(as an txpan-ity), it is dbvions that a siliceous component is not an essential
factor in “he development «f asbestosiso.

Third, no fibrosis reemltod froa the injection of gla=s wool fibers, evan
though glass wool resembles csbestos in some vayv. Thare are fundemental. diffar—
ences, bowever. 4 glaza ool fiber 3 microns in diameter i3 2 =0lid rod and, in
short im)gth:, i f;:d.x-ly rigid, wiile an asbestas fiber of the came dismeter is a |
bundle of extremsly fine filememis wiich impart to the fiber a high degree of flex~

ibility. It wonld seam tlud this structure and tho assooctisted Ilechilily axe



important factors goveruing the capacity of 3 mineral to produce paribroncliiolap
fibrosis. | *

81. Comparison of long-Fiber and Short-Fiber Dusts, With quartz dust it has
- . - . =+ bean demonstratad-that

the smaller the particles, the more intense ‘s the tissue reaction, and that there
igs little reaction to particles larper than 3 miccens in dismeter. In tha case
of asbestos, however, the reverse is truve and apparently cnly leng fiders have
any speocific effect. miaisconfmﬁbythedrdoffahl;a,mihicham
of tests with fihrous minerals is reparted. When the injected cust consisted of
ﬁbemzbwspﬁmlmg,mtheﬂmmw‘(mpthMte,u
ooted 1g Section 60) produced a fibrosis; shen the material was prepared by first
grinding the fibrous dust uatil tbe length of fihers was reduced to 20 microns and
less (ar, in soms cases, 3 micTons and lass), none of the injected ainirel dusts
csused fibrosis.

82. Pxparinents Using Imtrevencus Techmiue. |

The experiments, described in Table 22, in wiich the intravencus method of
injection was employed, show that tha'asbestos winarsls are fur differest from
quarts in thefr action on tissue. It has been repestedly decustrated that intra-
mmeﬁma@m!mﬁiMBﬁmnk::f?ai;‘f:n@ctmma
typical tissus reaction with the davelopnant ot,@ibw‘?cidn axtrapulmeoary sites,
such as the liver and spleen. Asbestos minerals, howgver, on intravenous injaction

ganarally produce only an inert type of reaction, as is revealed by the results
given in the tsble. The reason for the early deaths in tbe experiment with chryso-
tile particles is not clear; it may have been cansed by silicic acid Liberated by
thefiﬁel»_v—mundndmral.



33. Exparimants "W@L‘lm

The results of injection experiments with the Intraperitoneel techniqua are,
given in Table 23. Tt will be noted that the long-fiber dusts produced a fihrous
resction while dusts composed of particles 3 wicrons and 1508 ln‘:_.i.za clnld only

mimrttmotm. Mommindicmdm.tmwem
initisted by the irritation of ssbestos flbars 1s not restricted ta the lunga,

umrmww,bnmummmomu@nwu.
oot PR - e ‘
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A mumbar of additisnal experfmnte wars comdusted to thraw more light on
specific phases of ths asbestomis problsm.

8S. Protactive Action of Almaimm Compounds.

Intratracheal injectica of & suspsasion of long-fider chrysotile to which
mmmmmm@m&mwww. 1’/
If enyihing, the acute inflammtory response to the injected filwous mineral
was accelarated. One soath after the last injection of tha dust suspension the
branchiolitis wes becaming filrows. '

86. Formstion of Asbestosis Bodies.

The iron in tha coating of the asbestoais body sppears to be derived fram
blood or tissue olementy mnd not, as has been suggested, £rom The wineral fiber.
?M-Wuwmotmm‘dmuhmmmor

pigs - ame Yind containing 2 par ceit azd the other 0.2 par cent Fag03-
the asbegtosis bodles were equally mumercus &b both sitea of injestion.

oW "¢_‘.Ll,f' %b

Go v"‘]



An attempt to produca asbestosis bodies in guinea pigs by isplantation of
three 6ilk bags coutaining fibrous chrysotile was unsuccessful. One bag planted
wmmmmmw;mowtww,mu
the peritancal cavity, produced a little foreign body reaction but mo asbaesgtosis
bodies 13 @ yoar. © . R it

Intretracheal injecticn into guinea yigs of asbastosis bodies recovered from
Iuman lung tissue falled to produce the typical tdssus reaction to asbastos
fibers. Tha injected material was cbtained by digesting with sodfam hypochlorite
solution lung tissue reoved at sutopsy Lrom an asbestos worker. Tha asbestonis
bodiea conld be sesu in tha guinea pigs for at lasat g yoar after injection.
This experimant chows that tha asbestosis body bas & ruther resistant costing
which 1s not destzoyed by modarste hypochlorite treetment and may be maintained
in vive for a yesr or longer. |

e =
LOOVIT. SERY OF. mmm orc.gélgncsmua"

'mwmmmumtumunm;ana-
tion oxssed Yy asbestos fibers: the chamicel and the mechamicsl. In the chamical
theory, sirich is based upon experience with quarts; it is agsumd that the as-
bestos minsrsls dissaclve in the body fluids and that in this process thair bagea
mlm@dmw‘hm&ahatmw‘dhﬂmtm. Accord~
mw:mw,mwum#qmm. Seversl
facts main the chaemical theory untevable: (1) intratracheal injections of hrm-—
uuﬂm,-ﬁaudaduammamyo.mpcmt, eansed a typdcal
fibrogis liks that produced by the-asbestcs minersls; (2) free-eilica particles
mammummuhummlm,mmnm
shorter than ebout 10 to 20 microns are relatively inmocuouss (3) elnminm

i 7 S




hydroxide nemtralizes the Irritating sifact of quartz but not of asbestos;

(L) aerpentino bas the sane chamic:l cnrz;ositiofz as long-fiber chryaotile but

it does not produce the s=ma kind of tissus reecticn; (S) there is a ride range
in the chemical ccaposition of the minerals wnick do cause asbestosig (see
Tabls Zh)-. In view of this evidence it seems more .:Llcnly- thatya;bm -1:-
caused by an wcusual mechenical irritaticn fram long asbsatos iibers W
this irritation Iﬁireln.ted to the peculiar filawanted structure of thg fiver and
the associstad flexibdlity, which ars posseased by no otbar foreign body., For
exanpls, ignition of chrysotile fibers changed their structure and made them
inert whils the same fibers, before being heated, wowdd fitrosis (see
Table 19). Further svpport for the thzory of mechanical irritation 13 that
asbestosis eccurs in an organ of high mobility -« the umg — and that a fibrous
reaction cen be produced by injection of asbestos fiders into the peritonsun,
where there is glsc s degree of mobility, bqtmtinothzrmapulmaryorgam.

- Sl
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The experimantal investigstion with ashastog minarals wes concmdpunruy
with the effect of the dust on norml tiseue but some attention was given to
other phases, such aa susceptibility to infection amd occurrence of malignancy.

v,

89. Infection.

The only expuriment in which the effect of inhaled asbestos dust oa & pul-
oonary infection wasg studied was the. first wulm;m experinment. carried an with
“King's floate® dust. It is, perhaps, unfortunate that infoction studlies were
not made in the othaer inhalation experiments 2lso. ,..«-'



. $0. Susceptibility tc Tubarcunlous Infection. The development of a tuber-

culous process initisted at
the beginning of exposure to astestos dust, and also of an infaection suparimpoged
upon a1 establistied a.fbej‘écsis, vas descrided in Sections 19 and 20 of this re-_
port. 1t will be noted that asbestos, wheo classified accordifig to the effect
of a dust on tuberculous ivfection, woudd be placed below an active dust likg
quartz but above inert dusts, such as calcite and gypswn. In animals infectsd
with attermeted tubercle bacilli, quartz will canse the infectiots process to
progress until the animal diss of tuberculosis. Inert dusts will have no effect
on tha inkctinnandthelad.omnillus@lyhs&landtbedhmediﬂafpur.
As>estos dust is in a different category. Then the {ibrous duat was being in-
haled during the evolntion of the infection, there was & spreading of the tuber-
culous process for a time but usually the stimlus far econtinued proliferation of
the tubercls bacilli was not sustained, the progression was arrested and healing
followed. In guinea pigs infected with attemuated tubercls bacilli following the -
coupletion of nearly three years of exposura 10 ssbestos dust, progressive diseage
did not develop. ~ The only modification of the infecticn was cue of localisetion,
a fer bacilli belng retaived fu the fikrous terminal brouchicles and forming
tubercles there 1n addition to the usual focl beneath the pleura. Such tubercles
healed in 4 few ponths apd there sas nothing to suggest amy influence on tha

course of the disecase.

91. Susceptibility .io Non-Tuberculous Infection. There was no pointed ex-

periment concerulng tha
effect of inhaled asbestas dust an pon=tuberculous infection. Intercurrent pneu-

mniaawngaxﬁm]sexposedtaasbesiosdnstmmthercmn, tha frequency in
. guinaa.pigs expoged in the four inhalation experiments ramging from 15 to 3§ pec




. cent. This incidenta. evidanae coggcsiz the 2953bllity of an eifect of asbestes
dust on nop~tuberculcus infection. HNgvartheleas, since suck epiderrics are not
uncommon in iphalaticn experizaate wiith other Justs ard even in the colorny of

normal enimals, it ic felt Shat "-e inhalation of asbegtos dust cdoes not avert a

...... Jragm—
i RRRmia, SN

significant effect on the susceptibility to asn-tuberculous (mlmpnary infestion.

~

92, li_ggglsam. ; . o )
specific experirent was drzm.cte:. Lo caternine whe'her the
6‘,’1‘#3 'Lui?.l—-w [T SUPW ¥ (YT <IN S E' Cte @ wel Korrewn .\\Lauon cf-

asbastos fmrs ths cevelopment of maplutic easa, but cevriain observations en -

this aubJact\vare Tecorded in Lhs outling gf the posed momgraph on asbestosis
1943." In it he called atten-

gubmitted by the late Dr. L
Aphaling lorg-fiber asbestos.

tiontathehi;ﬁincldlme

bub, which does not metastasize.

In order to clazify the ; t nature of these lesions ths patBlogiecsl mater-

poned until after hils retrn from . Rather than delay the enl'is repart,
I . further discussicn will ba raserved for\ a supplement to be issued lat .



&, A. TVarious forms of asbestos/fibers procuce a peribronchiclar fitrosis af the

lungs of guinea pigs, rats, cate and rabbits but not of mice and
dogs.

Both irhalation and injection axperiments provide a=ple muppors

to two difforent i oL asbertos minersl.

ant poicts. The fibrous f£ilanmenisd

a@?ewz:% plm’an essential part in the

e the solid flbers of glass wool do not

is Cp 8). e
sroduce fihresis (kee Figure B) ki

C. Short asbestos fibern|do pol produce fibrosig.

6@@ . N
The cemcXahen is lmplied ir tha evidence mamtiozed in para-

graph B avove. perizaats which farther support this firding
Quresapmaha
are ir T3dles 21 and 23.

. —

-"D. Typical fibrosia can|be produced by on etmospheric suspsusica of
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counss ol experirenizl .tuberculosis mﬁ

s s - . O “wy . .. o 4 pus 3 & ~
critzized e Tabds LI}, wilhowgi 1ess vhan L per cone ol
- . . c . - = et d - ry

tre simas haris dust consisted of (iberd lonzer than 10

T3eTons, 5§ is shown in Table 1. Ia cpatrast, the ictrs-

irachcal injsction axperiment with fina asbestcs cust cane
" &2ining nT Youg Libews [ailed o produfe merasis,. T T
(sea Tanl: £i}. ‘ .
Innelation ol esbestos dust epracently not 2lter significantiy the
o~ 4

¥V
£

e p:i.g';s;i\“'»?\hJ .

il Lo
This gonednsten i3 tentative since t4e evidence or wkhich it
is baseq foeg act conform with cur experience. Dafer-
ence o Table 3 will ahow that when [infection wes coincident
~ith onsg. of dust xposure therc taxporary progressiorn of
the ciscase with subgequant h 3 vhen iafacticn »as
initieted after 25 3/L months of sxposure the cowrse ¢ the
tuderculous discase was uot appr 1y 2ltered. In contrasi,it
has becn observed in experiments with mixed dusts contzinicg
quartz that if there is a slignt sion of the tubercu-
losis when infection and dust Ssre are coincident, this
eifect is aore parked (instosud off lass, as with asbestos) wien
infection is initiated after a pdriod of dust exposure.

This concinsion conserning the effect of 1ahaled ashestos

dust on tiderctlosis seens Justifizd because in the more sensi-

tive tesy (infection initiated after ¢ pariod of dust eXposcre)

there was 0o anprecizble increasq in susceptibility to the
tuberculors infection. liowever, szce the Nindings in ths
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eince the dwaiiag raterial usad in /“ foe ringle ea;arinsnt

dealing vith iafection C"lﬁ&l\fﬂ 2 rajativelw sl
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phase oI asbastosis ho egns -

.furtfner investigation o? ik

sidersd.

(geeis t) '-evzref.en- a coating of
L3 adan Pre

s of the 2531itylto ;mo:hzce fibronis.

7. Thke for=mation aof asuestogis
h&"?v @ Seppmm [\““2‘ .
the fiberg adt~vgaldlts ir
Intretracheal injiection pf asboatogias badies fziload ¢
jrocuce tihe typicel tispue reacticn (oee eection 36).
The oessatio of sive reaction to inhaled
agbeatos dust soon
due to the formationfof asbestesiz bodies.
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