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DISTRICT OF COLUMBIA )
BEFORE ME, the undersigned Notary Public,vpersonally came and
appeared MICHAEL RHODE}Aa person of the full age of majority, being
of sound mind and bqu, wvho, after being first duly sworn by ne,

did depose and say:

I, 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.

Pagcé 1 through 72 attached hereto are true, correct and

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

The pages attached are ___ASBESTOSIS - Experimental Studies bv The
a c_Labo; ] ~Manv i d
Septembe

Dr. Vorwald was the Director of ihc Saranac laboratory of the
Trudeau Institute. Upon his death, Dr. Vorwald’s archives were

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

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

Arzed Forces Instituta of Pathology fro= Cr. Vorwald’s widow after
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Dr. Vorwald’s daatn: thsv are presea.ly c¢n fils «S authorized by
law in the National Museum of Health & Medicine, Armed Forces
Institute of Pathology, Building 54,A Walter Reed Army Medical
Center, Washington, D.C. 20306-6000; and the archives have been in

existence for 20 (twenty) or more years.

L RHODE ,/AFFIANT

SWORN TO AND SUBSCRIBED before me, the undersigned Notary

' public, on this the -7~ day of April, 1992.

) gl ”%
NOTARY PUBLIC

Printed Name: el Lrce & W.llirns

My Commission Expires:

2_/4-9
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Asbestosls is a pulmonary disease caused by the inhalation of asbestos
dust. In animals it is characterized by a peribronchislar fidrosis which
seems to be the result of mechanical, rather thln chemical, irritation of
the tissue by asbestos fibers. Only the long fiders produce a typical
reaction; short fibers are relatively inert. ‘The filamented structure of the

istic tissue Ares'pann can be produced by non-eilicecus as well as silicecus
fibrous mizerals. Inhalation of asbestos dust apparcntly does not alter
signiMecantly the course of experizental tuberculosis in guinea pi;a. The
asbestosis body, which is a specific coocomitant of asbestosis and forms
soon aftcr the entrance of the asbestos [ider into the lung, is beligved to
- prevent further damage o the tissus by the fiber and thus to limit pro-
gession of the reaction whan exposure csases. Alumimm does not exert a
otective action against the tissue irritation of asbestos fiders as it

" does against tbat of quartz particlas.



EXPTATENTLAL STUDIFG

2. Imtreductisn

ishastcsis is & Yorx of pnswaoconiosis resuliiny from mralongecd inhala-
ticn of zshostos dust. Tha name asbestos, literally ™mburnable," i3 oot
thel or @ particulir mincral but is a term applied to a maber of d4fferent
minsrals Those characteristic Jeature is a structure cowposed of long, Tas

c__ T
allel, f{la=ble filbers. This structure is unique because the fibers sre:
f— ™ — °

capable of rapeeted longitudinal subdivisicn to mnits of molecular proportions.
In length the fibers 7a. {rom & few microns to six o= mosa inches. 3Samrs
varieties are stiffer than others it many are sufficiently flexitls to ve

s=m  izto yarn and voven on nodified textils machinary,

3. Asbestos Ninarale

The asbestos =inerals x-e zilicates of varizble cozposition and balong te
the tine and th iscle 2z « Listad bel e the nore coamon
e serpentine »eanph:.:ceg-cups avar. e A
varigties.

amshibole Grm‘l,

Arthophyllite (Mg, Pe) silicate

- Aso3ite (g, Fe, A1) silicate
Ampaibole B (Ca, 1g, 7o, AL, Na, K) silica.f.a
Tremclito (Ca, ¥g) cilicate
!.é‘-:* -clite (Ca, Xg, To) silicate .
Crocidoliiie (Ka, Fe) =flicate » Pe miiicate

er-o=tine Grown

s

Srvmozile - iig siltcate {(hydrous)



. The bulk of the asbestos of cczmercs is chrys:iile, 7750.25102.2820,
mi.> is minea in e Thetford regica 9f the Trogwinre of Audmas  Crgcigs-
iite and arosite are also ts2d commarcially Lut in ek smiller axounts.
Chrsotile occurs a3 velns in serpeniire. 2 rizaral giziizs ia ciemical com-
position to chrysotile but which exists in marsive form ani is made wp of
microscopic fibers without the paraliel orieatalion cherac.eristic of chrysc-
tile. The rassive blus black serpectine, which is ootk and soapy to the
touch, 1s traversed by veins of fitrous choysotile var7ing in width from a
baraly perceptible line to six or more inchas. The {ibers 1 across the ﬁin
and not lengthwise with the formation.

Attention is directed to the mineral brucite, Yg0.R0, which is often
found in the same formations with serpentine ani chrysotil: anc may be fibreus
in structure. I! has no commercial value at present Lecguse its fiders are zot

. sufficiently flexible to be used in tertiles but they are capable of repeated
lonzitudinal subdivision. Unl.ih other asvestifora xinerals, brucite is not a

- 'silicate and for this reascn it has been 2 valaable tool i3 an experirental
evaluation of the -acliion of tihrous i:x:'.nera.:'.s apon lxmg tissue.

IV. EXPERIMENTAL ASBESTOSIS
For pany years studies have beea carriad om by the Saranac Laboratary in an
investigation of the cause, natuwre and deveiopa-nt of asbestosis. The present re-
port is devoted to Experimental Asbestosis. In it are described the animel ex-
perizents with various «inds of asbestos dust. Another rgport, to Le prepared
and {sgusd later, will be concerned with Fuman Asbestosts and will cover the health
aspects of worksrs "ho have been axposed to asbestes Aust in an industrial

ewir~cooent.



Although asbestosis in man is & chronic digesse which requires years to

ueYoiLpy 3 15 oaihle tA reyrocice in one or more species of animal chara. ..~

istic tissue changes which are simllar to the lesions of human asbestosis. Siace
the life-span of the experimsntal samimal is relatively shart, it is not possible
to develop the characteristic lesions in animals under the usual industrial con-
ditions. Consequently, to obtain a complete evaluation of the tissus response

to inhaled particulate and fitrcus material, it is necessary %o accelerate the
resction by employing higher concentrations of dust than would erdinarily be eo-
countered in industry. Hh_iin\eeuuuou of exposure are thus different, the V
m@mnmm&mtanthmu invaluable in furmishing a
better understanding of the reacticn of the human arganism to inhaled asbestos

S. Experimental Usthods
For investigating the biclogical reaction of the experimsntal animal to the

varicus asbestos minsrals, two types of techniqus have beea employed, nsmaly, the

inhalation method and the injection methad. In inhalation experiments, groups

of animals = wp to 100 ar more guirea pigs and sometimes smaller ombers of
rabbits, cats, dogs, rats or mice - are kept for eight bowrs & day in a cublcal
dust room, eight feet in dimension, in which a cloud of asbestos dust is maimtained.
At intervals during the experiment, a few animals are sacrificed and the tissus
examined to determine the nature and extent of the dust reactiocn. Some animals
are exposed for periods uwp to tiree years. The injection experimsnts, in which
_sp,auz,’dt&d;—yar mdnw,ummadmsm animal by the
igtravencus, intraperitonsal or intrstracheal procedurs, are used to deternmize
whether or not a particular dust has a potential c.a_pndtyf.omtiuu

reaction.



. o Long~tarn innciatioz cxperizmts Namish inforaation upon which great reli-
ance is placed when esiizatiug vuw aegred 72 Thin™ @ dnet might.be hazardous to
industrial workers. Yiather er not atmospheric dusi, even though potantially
dargerous, can te Inhaled, po3s Wie natural dofecss barriers and reach the pule
oonary tissus in quantitiss suificisnt to cause damage can be dotermined oniy by
inhalation procedires. Injectica éﬁmts arc Tseful becsuse in them contact
bstween the dust particles and tissues is azsured and the potential czpacity of
the dust to produce reasticn nen de astimated sccrrately. Ih'cn dealing with fi-
trous minarals like asbesctos, the irntratrachcel methed 13 valusblie since it pcr-‘r

- mits obsarving the efrect. of the ﬁ.bcrs on primonsry f.iam.

6. Species Susceptibility
Unliks free silica, asbestos cdoes not exart iis specific effect in all orzans
. of all species of animal (Table 1). Injecticz of fins quarte into various organs

of the guinsa pig, raboit, ras, cat, dog, chicken and even tadpole vill produce
silicotic modules. However, similar injections of long or short fiber asbestcs
have resulted in a fibrous reaction in the lung and, to a lesser extent, in the

peritoneum but mt in other organs.

7. Peculiar Characterictics of Asbestos

Experisnce hos devnstrated that zoss of the particulate matter inhaled into
the lungs of man and animel is 10 microms or lass in maximm diameter. Larger
-pc-t.iclas apparently are excluded by the protective mechanism of the upper respir-
atory tract. Io the case of tibma ubarid.s, however, this restriction does not
apply and fibsrs 100 and even 20C microus iz length have been tam:linthotm—
al air spaces of mman Limgs. -n snall laborstory anizals exposed to asdestos
dust the mawimum lansth of Siber Zound in ths lmmg rarsly c:c-e.ds éo_nicron.s.,_. .
Not every kind of fitrous material Is inhiled with equal readiness; for example,



the synthetic Iilers :I giacs wocl soperentlry ase oo inllexidle to pass sasily
wrrough tre rrse, pharynx, trachea and crencli and selcom r3aca tisé teruucsy
bronchicles and alveoli. |

Inhaled particulete zatter comes to rest throughout the terminal air spaces
(alveolar duct, atria, alveoll) in all partc of the lunee; M'umtos fibers
are first retained in the respiratory broachicies. These vary small tubes are
| {izmediately diﬁm to bronchioles linel by cilicted epithalium. Their own essen- A
tial liming is a low cuboidal trpe of epithelium btut, as their name 1mplioa, tﬁey
actually funetion in resp.trition through lateral alveocl! given off as pouches
along their vu.l;. Either these pouches, or ths abm.pt change in the character
of the lining epithelium, ar the decrease in diameter of the tubu, or perhaps the 7
combingtion of all three factors is rasponsidble for locil retemtion of the izhaled
fiber. Only after asbestosis is well established are spprecisdle umbers of fi-
bcﬁ carried into the Dore peripheral air spacu'.A

8. Rate of Tissue Reaction to isbestos Fibers )

The rate of tissus reaction to asbestos is much more rapid than to an active
..dust liks quarts. Evidences of t:issuc response arpear as soon as fibers have
localised in sufficient concentration in specific aress. Ia rats receiving asbes-
tos fibers by intratracheal injection this svidence is visible 313 early as two
woelks aftar injection; £ querts dust ths latent period aight be two momids or
The behavior of ths tissue reaction to inhaled dust after the termination of
exposure is not the same in silicosis as in asbestosis. In silicosis, the young -
nodules becoms larger; in asbestosis, young scar tissus,that may have f{o:wed,con-
sracts and becomes more dease but the ares of irvclvemdnt decreases in sizc. If

axposurs o0 asbestas dust is ter=inated after a brief period, the recently-inhaled



{ibers in the lung may cauze the {ibrous ticsue respomse to continue for o -
- enzmt sins, mMiil the {lher have tean coated. This progression i3 ot omuy a

slight degree and of little significancs.

5. Asbastosis 3cdies
ﬁxepmhxﬁrutmh:mutbauumw«m“bo&'ua

specific concomitant of asbestosis. The typical bedy is a golden-yellew, bsadad

or hanstrated rod rhich may be either straight or cxrved. Often on: or bath ends

are bulbous like a Zumb-ball; Tho bodies vary comsiderably” in length, ané di-
=ensions up to 250 microns have been recorded.

It is believed that asbestosis bodiss zre due to a deposit of protein asd
ironpﬁmtuponthnﬁrfmofm fibers. In guinea pigs thsyr form after
about 50 days of contact with the tissus. They ars adundant in man and the guinsa
pig (see Table 1) dut are much larger in the former, probably becsuse the larger-

sized air tubes adnit fibers of greater dirension. In cats, rabbits and mice thors
is an atnj:ul coating of a few of the fibers after much longer residence in the
longs. In 1::“ and dogs no bodiss could bde discoversd. Although th; evidence is
incomplete, it appears that the formation of the asbestoslis body prevents cairage
to the tissus by the fiber. - ' o

I. DHALLTION EXPERTMENTS

Four cauprehcnsiﬁ Einhl.la.tion experizsnts have been conducted at the Saranac
Laboratory with various forms of asbestos dust. - In each of these investizations
'éﬁmmmmmmuewumn carriad on for periods
ranging from 2 to more than § years. The four kinds of asbsstos dust emvloyed
are identified as King's floats, short {ibver, 100 per cemt ball-millied, and

lorg-fiber asbestos dust.



11. Inkalation Experiment with "Iinc's Floats" Asbertos Dust

The first icnalstion w.pericact cozlact.d 2t “he So-n-- [gharatory with
asbestos dust was begun in 1720. - Aaizals ichaled the dust for pericds up to
gearly taree years and scue cuinea pigs lived far ebout four years after their
first exposure to dust. 4 prsliminary report giving oboomf.-ibu after 29
months of exposure appeared In the February, 1931 isgue of THE JORNAL OF INDU-
STRIAL KYGIENE.# 4L that tims observetions covered a pericd of only 2-1/h years
and the conclusions as to the uliirale effects of inhaled asbestos dust were
frovisional. Results of the completed study show that most of the comclusiorns
drawa in ths prelirsinary report wars substantiated. A complets review of tl'd.s

.experirent follows.

12. The custing material wvas 4 commarcial variety of asbestos dust known
as King's floats ard was coxposed of short fibers and particles of
variable size. It was obtairsd Zrom the Thetford, Quebec plamt of the Asbestos

Coarparation of Acerica.

13. The dust composition (Table 2) reveals that the amount of fibdrous cryso=

tils was oxly 1k per cent, a rathsr low value. However, there was suf-
ﬁcient.'- fibrous naterial to produce i characteristic ﬁ.’bmsis. ;

li. The dust concentration at first was quite low and for impinger samplss
taken soon after the experizent was started, the average light field

count: by the standard techrique was only 6.0 million particlss per cubié foot of

air. An appreciable number of large particles (or fibers) also wers present, as

#STTDIZS ON EXPTRENTAL PMEGILCONIOSIS. Vi. Izhalation of Asbestos Dust., Cardrer,
L.J., and Curmi=gs, D.Z. J. Ind. Hyg., 13: §5=¥1, 97-11L, 1931,



show= v sn average count of 0.5 million far ocarticles «roz::. Jic: 10 microns.
After the inhalation experizent had been under way for ebout two years, the spesd
of the rotating paddls in the dusting machine was incressed and icr the romain-
ing 9 or 10 months of the experiment considerably core cust wxs dispersed into
the atxosphere. Jiverage dust counts for Lspirger samplas collscted after this
change were $3.7 mllion for the usual light-field metacd, and 13 million for
particlss larger than 10 microns. ' o

15. Reaction in Animals to Inhaled "King's Floats® istestos Dust. Besults
of the investigaticn, briefly sumarised in Table 3, stow that inhala-
tiom of King's floats asbestes dust produced z typical peribromchislar fibrosis
- in guines pigs but oot in rabbits or rats.

Guins?gg Seven groups of guinea pigs were ured. In three groups
the effect of a continmous and of aa interrupted dust
exposure vas stndi‘d; in two other groups the relationship Setweea infection and
dust exposuTe was investigasted. Ths remaining two groups wers wection,ccﬁtrols.

" 17. Rate and Type of Rsaction. Ouwinea pigs inhaline this dust for periods
, up to 33 months developed & characteristic
_ fibrosis occurring in conical patches sbout the respiratory bronchiolss. During
this exposure Vth. peripheral alveoli were not involved. Ths particulate elsments
in the dust_ were transported to the lymphatic system where they caused no signi-
ficant reaction; the fibrous elements remmined fixsd at the site of ariginal
localization and were seldom detected in the lyzphoid tissue. Fleurisy and fi-

_ brosis in the sspta were obsarved only whan infectiom complicated the process.
Mmosmdmukvam, a s=ail amomnt of cellnlar reaction

rad beern produced about mary ~espirmtery bx-omh:’.:lssf iz 2ore dust vas inhaled,

1s contimued to accumullate in the same location and later Sta.g.es of the disease



consisted at‘ extensions of ths original lesions. Hew arsas were nod involved.
dppurently, cne imnalec DiDers wers caught in t& pockst-lilcs 2l7ecli that
are given off from the laterzl wails of the respiraztory bronchioles. -There thay
rere phagocytized and cacy of thex were carrisd into the wall by wmigratory cells.
ozormclesr leucocTtes attracted to the area caused an appreciabls thiskening of
 the bronchial vall. After 15 months s delicats fibrosis oade f%s sppearance.
™he process evolved 30 graduvally that zitotic division of W‘n conid
‘rarely be diaeovert;ﬁ: wmlass, tas nmbsr of fine intercellclar collagenous
" fivers (fibrosis) steadily incressed. As this fitrosis comtracted, it partially
claosed the alvecli, and with this atelactaris the lining epitheliun acsumed iis
enbryonic cuboidal form. The result was the sdencuma-liks appearance that ¥illis
described in guinea pigs inhd.im silicon cardide. The lorger exrposturss rosult.eé.
only in more thickening of the walls of the «ir spaces, largely fus to an in-
crsase in the amount of fibrosis. The fibrous tissus almuys remsined cellalar
arnd never showed the hyalinization characteristic of silicosis.

18. ;rogg__si' on. The reaction produced in exposed guinea pigs ¢id zot ;:-o-.
B gress sigmificantly during a subsequent period of 17
=ouths when the animsls lived in a normal atwosvhers. mamnm'
a.turAm ceased, the cellunlar reactiocn isd been complstely replaced by
thin strards of [ilrous tissus., Obsserved still Io:gu', the scar tissue decressed
in apount but 1o the last animal sacrificed, 37 months after discontinwing dast
w, soms fibrosis was still visible, -

19. Infection Coinciderit with Duost Iohalation. Of the group of LO piineca

pigs infected with atlan-

uated tubercls bacilli (R straiz; I died or wers sacrificed before two rrars
of 2ust exposure and were reported In the paper oY Cardner az< Cumings :nen:icr‘xed\r



above. Seventasn of theca disi fom intercarrant mneumoniz. Briefly, the se-
sults wars as follows: 10 revealed sou> eviasnce of spread of the tuberculous
process; in 6 of these it was confined to the lungs and in the other L ths
abdominal viscera also mre irvoived. Usually & slight I.oal extension of the
tuberculous infection had occurred but cubssquent ‘*.cal‘l.nc had rcmltd in fi-
brosis of both the pu.].'znu-v lesions ard the secondsry. hﬂmh other organs.
The healed pulmengry hsions chowed aore {ibrosis than is mcristic of
either tuberculosis or asbestosis alsna. i

The 9 animals which were still alive afiar tvs years of dust exposure were
sacrificed at intervals during tho Zolicwdng year. In L of them the primary foci
of infection had healsd with fibrosis and even calcificstion and thers was no
evidence of progressicn. In the other £ the tuberculous foci showed evidence of
havirg previously spresd locally: in L of them it had healed, by the time of
autopsy, with excossive fiorosis; in the other anisal thers was a gensralized
chronic tuberculous pneumonia in one lobe and isolated primary tuberclss, which
were still active tut had not meaa,':n the other lobes.

Evidence of extension of the infection was first sean after 7 months of dust
inhalation; duringthoiz:tmmmsmrsMhd:dththlhéém
actively rp.ﬂlding tubcrculnds ard in 3 of them small cavities had developed.
During the last 8 mhsno animals exhibited any evidence of active infectiom .
although in half of them the hsaled fidrous scars of previcus extensions were ob-
vious., Sixty per cent of the guines piges with amaﬁinz pulsomary tuberculosis

shcwed tuberculosis of the spleea and liver,

20. Infection Superimposed Tpon an Bstablished isbestosis. Twelve guinea
' pigs, after ine-

naling asbestas dust for nearly 25 nonths, were infected with tubercle bacilli and
then remcved to normal air. The subdlowral tubarcles in the dusted animals were



 no nore numercus than in non-ducted comirols, but 2 considerable mmle= were
Jound 1n the depths of the lung about foci of asbes~usis. The reaction o infac-
tion showed only slight local extension about the origirsl sites in the lungs
and tracheobronchia) lymph nodes. The abdominel viscers wars iavolved iz only
ome animal, CaaeatianA ms found in ‘ubercles 1-1/2 months 0ld Yt by 5=1/2
Sonths it had complately disappeared, lsaving only sear tissue. The laiter still
persisted {n the last aninmal, which was killed 1l wonths atter infection.

21. aisbestosis Bodies. lbderate mmbers of asbestosis tedies occwTed in
the lungs of the guinea pigs, becoming ore numarous
and more distinctly ssgmanted in later months.

22. Rabbits. Rabbits exposed to the asbestcs dust for perisds up to 19
months developsd a low-grade foreigrn-body tyde of reaction but

no fbdrosis. Although their lungs contained particulite elements of the dust,
fiders were not present, indicating that the upper respiratory mechunisa of the
rabbit is adequate to exclude fibrous foreign bodiss. 7Two radbblts, aler inhali-g
dust for § and 18 moaoths, lived in normal air for more than two years. it autopsy
nsither animal showed any evidence of cellular rsaction or fibrosis in the term—
inal broachioles mr;-ro there any asbestosis dodies.

23. Rats. All the white rats bad acquired am infection, resulting in the
‘ formation of pulmonary abscessas, before they caze to autopay. -
Appnrcnti)', 80 much heavy mucus obstructed their brozchi that very few [ibers
could have entered t.hd.;ixms. n a few of thilrsta;~"an cceasicral asbestosis

body was discoversd but there was no fibrosis.



2L. Sumsry and interieetsition of Inhalation Sxperiment with King's Floats Dust.

e findings ia ihe cxparizent with WANE'S LlOBLoe wesv S04 T8 Climaad-

ized under three headings.

4o Zffect of tre inhaled dus: on normal azi=als. The Yirg's floats
. dust caused a charace
teristic peribronchiolar fibrosis in guinea pigs but oot in rabbits or rats. The
fibrosis did not progress aSter the dust exposurs was discontinned and the guines
pigs transferred to.normal air. '
. B. Effect of the inhaled dust on tiberculosis in guinea mips. In guirea
pizs in-

Zocted with attemuated tubercls izcilli and thon placed in the dust room, the
results ware more varisble than is usual in an erperimsat of this type. i few
eimls showed no sign of progression; in @tt of them there was evidence of té;
porary progression vith cubsequent healing; iz one animal there was contirmous

' progression to death. In contrast, whea guinea pigs, after being infected, are

exposed %0 quarts instead of asbestos dusf., the infectious process continuss %o
progress and eventually causes the death of the animals. Ou the other hand, @~
posure otin:o_ctcduinhtoahanlassdnstli’acalcitacrmdoesnot

laead to ary progression of the infection. Cuines pigs infected with attemuated
t:nbeéelo bacilld following the termination of sbout two years' exposwrs to asbestos

- dust did not develop progressive disease. The cnly modification of the infecticn

was in its localization, a few bacilli being reiained in the fibrous terminal
tronchiocles and forming tubarcles thare in addition to the ustal foel benesth tha

pleura.

In view of this v@ﬁiﬁy, the tnusual zature of the response and the high
prepartion of deaths froz intarciwrreat pnemmcnis it is Zelt that definite conciu-
giors 28 %o the Lnluence of this dust on ths cowrse of tuberculous 'in.‘.‘ect.‘.:n are

a0t justified. - ' L



C. Effect of tuberculous infesction cn the reactioc to ‘=haled dast.

I'-_fﬁ_w_.lOJM AtV aqbimm a@mag’ an'n cmsambpnadad bl terdgemer of the

dust to produce fibrous tissua. m..-. ‘change wccurred vhelher ar not the bacterial
lesion was in comtact with the area of dust rsactioa.

25, Inhalation Exveriment with Short-fiber istestca [ust.

- Sincs hazardous dusts like quartz are most eilective in producing fidrosis
when the particles are ] microns acd less in size, an inhalation experizent was
carried on to deteruine whether this condition is 4r=e 2lso for asbestos dust. It.‘
vas thought that by using a short-fiber astestos cdust comsisting almost ?ati:ely
of fibers and particles smaller than ] micrens an accelorated f.issuo response nmight
be imitiated and an advanced resction obtained in a short tim. The previcus
inhalation axperinent with King's floats asbesios, which containsd fiters fran 1l
zB. to ) =icron or less iz length as well as a zreat dezl of perticulate matter
and which produced a typical peribroachiclar fibrcsis in exposed guines pigs,

sexved as a basis of comparison.

26. The dusting zaterial for tiis experiment was forwarded from the Kanville
plant of the Johng-llanville Ca-,nreti&n. It was the remains of [ibers
comctodindu?bmmclmwmnmd'scrm to pass 200 mesh.
Since the material as received contzined many long fibers, i was ground in s
steel ball mill to reduce practically all the particles to 3 microns or less in
size. Then used alone in a standard dasting machire, this finely-ground asbestos
tended to pack in the Bopper and it became nscessary to mix one volume of the un-

ground nterial with tires volumes of tke gound to generate & satisfactory dust
cloud. The addition of the small qeantity of ungreund sstestos was mfortumte
becanse it conflused the inte.v..*@tati;n_ of results. Probebly the minor smomt of

reaction that devaloped was cue o the long fibers in Lthe mixtwre althoush the

-1l



. - data of this expariment do not prove the peimt.

27. Ths cocpositicn of the shart-fiber anbetc; as received is disclosed by
the chemical and petrographic analyses given in Tatls L. Samples taken
Sefore and after grinding yielded about the saxe valnes on analysis, indicating
that there was oo conWﬁon from the n:!.u_ar 'Ioaa of vater comtent.

28. The dust concentration varisd somewhat duri.nz the experiment and light
field comnts for atnostheric unp].es collscted insido the ani=al cages

with tha impinger apparatus ranged from 83 millisn to 182 million. The average of
,camtsmIBOmn_ontcrth.nrstnarotthe exparizent, 13hnﬂ.uon'ort.hn
secondna-andlhomrortrutm:dm '

29. Size-{resuency measurements of air-floated dust rren’mido ths cages

. at a magnification of 1300X revealed a great preponderancs of fine par-
 ticles (Tabls 5). Rearly 90 per cent of the particlss seen were smaller than 3

xicrors.

3. Reaction in Apimals %o Inhaled Short-Fiber Asbestos Dust. Four species

of animals - guinea pigs, white rats, cats and rabbits - were used in
this experiment. The results of the dust exposure, which are summarized in
Table 6, will be considered mors in detail below.

31. Guinea Pigs, Eighty guinea pigs were ariginally placed in the dust room

| but 21 af them were later elirinated from ths experinent
and killed becsuse of enlarged lymph nodes. Of *he othar 59 animals, LS remained
ﬁ.; gho dust room until they vess sacrificed or died from natural causes axd 1],
after being exposed to dust for 20 mor:tﬁs., wers <ransferred %0 & nor=sl aixcsphere.

_ 32. Rate and Tvre of Teaczion. The iyrTe = tissus reaction to the innelec




. gy

. _ short=-{iber asbestos mer essentially the sam 23 that already observed in the
Sperizent with King's floats asbesios. The rate A reacticn aisv was pjrwct-
dately the same but the ertemt of involvement with the Shaiofiber dust was
very much less and after 16 to 2L moaihs of expocure only a very few small foci
of reaction, which gencrally rasquired microscopic qnnina.tioﬁ for detection, wers
produﬁed in the guinea pigs. .

Until exposures had coutinued fcr approximately ono year, there was little
tendency for dust-containing phagocytes to collect into clumps. By 16 momths
phagocytes bad begun to collect aboat the walls of a few of the re-spiratary brcn-:
chioles with a little proliforation or infiltration of ipomuucloa: cells in these
walls, There were also some multinucleated cells but they ware always of the
inert forsign-body typs. At 20 to 2L mtﬁs the csllular clumps were somstimms
quite maried and sometimes changes ia the epithelium resulted in the edenoma-like

. or "adencmatoid" appearance previcusly described in Section 17. In zost of the
subsequent mezbers of the seriss, the reaction remained cellnlar in type. In a
few, howsver, {ibrous elexcnts domimated the picture. In the lattar case, the
collagen was (ala in color and tepucus with no heavy swollen hyalinization. As
in the rats described delow, the alvealar waua might be made up of a band of
collagen supporting a layer of epithelimn, but with no containad capillaries. In
the tracheobronchial lymph nodes the reaction wes more pronounced in this experi-
ment than in the previcus cne with King's floats asbestos, probably becauss of
the trm.spomt.ioa of an excess of fine particles to the nodes in amimals inhaling
short-{iber asbestos. The reaction was essentially an increase in seticulum, rather
than a f{ibrosis, with preservation c¢f the oriﬁ.hal cells between th& thickensd i
t;eticu.la' fidars. Diffuse chronic pleurisy without evidence of pulzonary infecticn

~was present in a [ew animals, Lo



33. Progression. In the L3-3,L months foliswing tho cessation of 20 months'
expcaure 2 duvat, pregression of disease was not d'e.f:.xut.ai.y

demonstrated but naither cculd 1% te cbsclately cisproved, owing to the varia-
bility of the response in diflsraeni arimals. A4t the and of the dust exposwre of
20 months two pigs were reacd as + anc one 23 2+, JAmong the 1} removed {rom dust
the ﬁnﬂings vere variadle: in 2 the reaction wrs %3 in L it was «; in 3 it wae
3‘;; in 3 it was Le; and in one ani=al it was 5¢. It is quite possible that those
with the most marked changes had already develoved Dore reaction than the remaine
der by the time exposure ceased. Since itz mores severe raactions occwrred spora-
dically and bore no relationship to the length ol tinme alter cessaticn of expo-
sure ths differences wers atiributed to variatior in individual susceptibility.

‘n‘d.s view received suppert from the chenical analyses (Tabls 7), which sften re-

vealed comparable amownts of ash and silica in lumgs with i:um; different anounts
of tissue change. ror examples, the ash and silica values wers quite similar for

) thfeéanimlsindustZOmmandthoninmrza.lu:l}B/hmnths, yet the tin-

sue reaction for coe animal was Le; for ancther, +; acd for ths third, only 2.

3i. Asbestosis Bodies. The formation of asbestosis bodies was at first ex-

- trmly limied. after S months' exposure ooly &
very rare short body could Se found, ustally inside of cells. Around the finest
intracellular particles there were yellow deposits having the same color as the
asbestosis body. Exposure of cne rear kad parzitted an 2ccurmlation of magy lorger
fiders about which the asbestosis-body. costing developed. llost of thess ware
stiil Vshart enocugh to be pa:-'timY or antirely within .phagoqtic cells, By the
2Cth month and tf&eu“.c, they were conparatively numerous although still rare
{» corparison with the findings in the Ying's floats experizent.



35. Fhite Rats. Seventy-three white rat.s wers expossi tn atmospharic shert- ‘
fineor arkesios dust for myriosds e tn 32 mamtha.,  Sacri-
fi2ings during the first 10 zonths wero —ade Ximonthly and for the remaindar of
the experinent at less Irequeni intervals. -

36. Rate ard Type ol Reaction. The dust cells uw=:il 8 amonths wers widely
scattered ad existed in foci only sporadi-
cally. Reaction wes limited to occasicnal slight thickenings af the septa about
small accumlations o{.‘ d'ust éensl iIn a few rats at 10 months, thare zas a sug-
festion of early fidrosis but the char.:c.m 80 glight that it would probably be
overlooked without the clump of dust cells to atirac: attention to the area.
Only 10 an:l.na.ll were exposed from 12 to 32 mths. In each of them the lungs
showed mimute patches of well-defined fibrosis distributed like thet of asbestosis
but without asbestosis bodies. Tue lesions, visible only at 3 magnification of

- 150 diamsters or more, consisted of patches along alveolar ducts in which ‘the walls

of the air spaces were very thick, dus to swollen collagen framework. Cowuactive
tissus and Foot—Bielschowski silver preparations revealed complete loss of capil-
lary bed locally. Cutside the collagen was a thin layer of epithelial cells. - -
‘This did not resemble the "adencmatoid" change characteristic of guinea pig as-
bastosis. [o plsurisy was present. Noar ths lesicns the air spaces wers filled
with phagocytes containing gray to yellow particulats dust and & rare long naked
asbestos fiber. mmsurch failad to reveal even a suggestion of an asbesio-
sis body. The tracheobronchial nxdes showed compact focal collsctioas of some-
c7tic cells at D‘hbnthl\uﬂ, at 20 nonths, some diffuse thickening of the
reticulun. In a few rats thers was dafinite fibrogis along the margins of ‘he
node and exterxling inte the modiastinal areolor tissue. Compared with the restonse

o active dusts liim quartz and cher: the resaction %0 short-fiber asbestos was

negligibla.



. Results of chemical analyses made cn the white rats are ziven in Tatle 3 and
,ha avarage valies have been tabulated iz Tabie Y for cograrison wl.. Sii..a:
values for rate inhaling othér duste. The concsniraition of atmospheric particles
‘o which the anizals were exposed was aporoxizately the same for asbastcs and
quarts; {or the gyosuw—quartz n:i.xnn-e, it was about twice as h.icn and lor chare
five tirms as high. It will be noted that tas percentagas for acbesios ars loves
than those for quartz or chert but ars sizilar to those for the grLsum—quarts
zixture, in which alzospheric agglutination tended to reducc the 2vcunt of dust
inhaled. It might be inferred that the total quantity cf ashestos dust inhaled
w3 low 0T that it had been elininated from or dissolved Within the lungs. I

the present stats of our knowledge evaluation of thcu .\rpathesu 13 not Fossible.

i 7. Cats. Twenty cats were used in this innplation experiaent with the
. short={iber asbestos. Eighteen were kzpt in the dust rocz wntil
death, “te exposure period ranging froo ome month to nsarly bl ?.'yea.rs, and two,
after a dust exposurs of 31-1/2 months, wers rsmoved to nor=al air.  One of these
mas sacrificed S mouths, and the other 2L months, later.

38. Rate and Type of Reaction. The resactiocn was o.s:cntiilly that to an inert

dust, even after =ore than L years of expo-
sure. The tissue response in this spoc;.u mreon.'ﬁ.nd to uicroacopic foci of
fitroais in the walls of groups of subpleural alveoll, rather than in tha peri-
bronchiolar ;raa#. In one arimal the change was extansive enough to be vicuasized

8 Zross inspeciion of the section.

. Y-2ay Changes. Only in the animal with the longest exposure did.the

I-ray revsal definitely abnormal shadews. Aftar 2%-)/u
. ooTihs ths picture w2 negative; after LS semits a faint x:ct;l:.ng could sa detecsted

turcugsout Soth Luzgs. At autopsy, o zonths lzter, thew™ wWas only =zcTosIRil



2ibrosis in the subpleurali zona nius hezvy lymphocytic infiltration about small
Sronchicles. '

uC. .sbeatssis Eééia_a; - €2 prolongzd scarch a faw yellow atypical asbestosis
bodies, smooth and without h.mfltrat‘.onsl, were found
mmmnﬂ:ez;osedfcrmnthm;year. |
Ll. Rabbits. Eight rabbite were exposcd %o dust for periods exte:.dlﬁg from
one to more than five years. The last animal was removed
from the dust room and lait in cormal air 6 months before being sacrificed.

L2, Rate and Type of Reaction. There was nevar enough fibrosis to be de=

tected zrossly and thers was no chronic
adhesive plsurisy. iHcroscopic evidence of alveolar wall thickening was first
dstécted after about 3 yaars ot’e:posv:eandmseeﬁinall five animals examined
‘hereafter. In one aninal that died of paralysis alter neariy four ysars of ex-
posure the reaction was extensive emough to d2 visiblo on gross inspectiocn of
tissus sections. The possidility of pulmonary infection in this animal could not
be axcluded., Eowever, in another animal dying tvo years later the focal fibrosis
was not nearly as obvicus or as advanced. areas of isvolvezent, which were
largely visualized because of phagocytic reaction within the alr spaces, tended
meroscopically to becoms core fibrous with the passage of time but thers was
pe7ar much encroachrent upon the iumen of air spaces and the architecture of the

lung was preserved.

3. Asbestosis Bodies. Aisbestos bodies ware not detected in rabbits that

died asrly in the experizmant but wers seen in all

an‘=3le that had bYeen eTosed O the cust Jfar more thza three years,



Lk. Summary and Intermratstd.on.

The original purposs of the experizenc was o avaliuate the chemical
theory of the pathogenesis of asvestosis. It was feit that if the tissue reac~
tion to asbustos were chemical in erigin an cccelerated or acgentuac; ﬂrespcns.
would cesult from exposure to fireiy-divided asbestos, as is the case with quarts.
This experiment, in which the reaction was slower and less extensive than wita
King's floats, indicates that the reaction praba.);l;r is not primarily chemical in
nature. o

] Of the four species ax;;osed in this experiment only the guinea pig and
rat reacted witl characteristic peribromchislar fibrosis. 7The cat reacted with
atyplcal sub-pleural fibrosis and in the rabbit the fibrosis which sccurred could

not be positively attributed to the dusi because of & streng possibility
of pulmonary infectien.

45. Inhalation Experimant with 100 Per Cent Ball-UWilled Asbestos Dusz.

In the inbalation experizent with short-fiber asbestos dust i small quantity
of unground asbestos was mixed with ground zaterial in order %o produce a juitable
dust cloud. Then evidence of a dust reaction appeared in the guinea pigs dnr:.né V
the experiment, it was not clear vhether this was i tissue respanss (o the small
aumber of long fibers in the unground Qbestcc or mas a delayed effect of the more
abupdant fine dust. Comequantl:-, another inhalation exporiment was started in
which no unground material was used.

... L6. The dusting material was the ground short-{iber asbestos used in the
mrevious inhalation experiment but no uiground material was mixed with
b To obtain a sufflicient am=i=% of atuostrheric dust, the design of the dusiing

-ve

apraratus was changed %o am crpez type of hwopper and fresh dust was added daily.



Cwinz to the tendencr of the material te {orm s=ail spherulzs =-izh mrwvantad
LiTh o8 s fibrous portion from (loating out of the nopper, ire¢ cispeisal of

the dust vag ot entirely satisfactory and afier 7 months of oraration. the Sisi-

]

ing roeidna wis reccprariel %o its sriginel desizm. To rrevens "plilinct er Tas

4

formatiion of sphermiios of asbestos, steel wira brushes were stiachad to 4le iz=
sice eurface of the hopper and to the rotating paddle. This &rapgomeni gave
satisfectory resulic ard was used for ihe rexaining 21 wonths o2 the exmoriment.

»'u?. ’I'f.e coroesivion of the ~ar materizl (sucri-{ides aibe#t;:; and of s~
pheric dust liberated froo the ballwmiiled product in the cusiing n:a-‘

chine is given in Tabla 10. CThess values are baced upon petrograpaisz siudy and
I-ray diffraction analysis. The atccspharic sample vas collactcd with an elac-
trostatic prod.ﬁiﬁator after wire brushes had been installed in the dustirg
zechise, Previocus to this, the chirysotile content of the air-suspended material
was urdoubtedly less than the 15 per cent velus given in Tabls 1C. In an intar—
ia report, it was stated that ths air-borne dust comtained apbout 5 par cent of
chrysotile befors the wire brushes were used and up to 8 per cont aftervards, tut
these values nz;av;robaly low. Quartitative estimates om ball-millied asbestos
dust may be somewhat inaccurate because it is difficult to deter=ire how mmch
of a éust sample is filrTous chrysoti.".a_ and how much is non=fibyrous sertantine.

L8. The dust concentration for the first 7 momths of the experizect was

about 100 million particles per cubie foot of air. ter the wire
“rushes had besn installed, the dust couts were a 1little highar and tie overall
Zverage for the first year was 106 millson, The i;verazs of csurts for the seccnd

vea~ vas 163 million ard for the third year 1.5 ailliom.
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izg=SccgzeneT 1 ulie anmazemic of atzoepheric dust collected

320 ohe waltal carer wmin the elactrostatic apparatus is reported

in Tebie 11. Tvo s=2ies Tire tiinua, ond bSefore the ire bruches Tere installed

and cne aliar. Iv TEI1 Te meted whzt ofter the wirs hrtihes Ters ia use a2
greater wroportion of very fine pur¢iclcs and also of lomZer fibers was released

ixts the air.

20. Reactisn dc iadzslz (e Tohridad 1C0 Per Cent ¥sl) -Yi1led Asbestos Dust.

Tuipez pigr, Szt end Ane3 wore us2d in the irnhalstion experiment with

the 1C0 per czat Seil-milled asvezios dust. Tha resnlis are sww==Tized in

Table 12.

Si. Cuizse Pigs. The experiasct was started with 100 gﬁinea igs. 4s the
dust gTosure proceeded, there ware 39 sccidental dsaths,

32 of pnewmoria in an epldemic. LIfter 23 months of dusting the i surviving

guizea pdgs were transferred to normal adx, ’ -

€2. DRate and Tyra of leactisa. For the first year af exposwre mactically

_ e only reaction to the dust was the pre-
sence of scattered phagocytes ans an occasionel minute asbestosis bedy, At 1%
and 20 months no gross rocponse ¥as visible on the tissue section but =icroscopically
peritronciiolar foct of inflimmatorr cells could be seen. At 2 months there was
s+i1l no change large enoug: %0 be scen with a hand lens aithough microscopic
examinaticn revealed cailuler accumiistions about termiral bronchioles and nany
DoTs ashestosis bodies, chieflr within cells,
-~ Cnemical amzlvses < the lunzs (Teble 13) reveal that in spils of the

Ti=ftgs tizzve Teacuist corcizarnhla dust nad been retxined fn the Lumg.
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3. Trogression. The langs of cadmals 2oescd Jor the fuil dusting period
(28 momtas) anc thes livang in nermel air for 2 months
Tevesled the changes descrited adove and also very alisht peribronchiolar £ibro-
sis, Aftar 8 conths in normal ais the firndinge wore sicilze but ab 12 conths 3
of 4 animals showed grcs3ly-visible characteristis peribronchiolar fibrosis with

adenomatoid charge.

Sh. Llymoh Bcde Inwvolrve=ert. The ixachecbronchisl nodes wsre essentizlly

negative untili oxpesure had been contirmed
for nore than a year and a half. Ani=els sacsificed 2% 12 months and 15 months
revealsd a few mimats callections of phagocytes containing particles but prac-
tically oo fibers large enough 0 be racoguized as such. .[fter 20 months of
expesure many Tonocytes filled with yellow granules wers present. At 3C momths
there hagd been 2 slight increase in rsticulmm but no ZLibrosis. No {urther changes
occrTed in the nodes. dsbestosis bodies were not seen in the nodes of any of

the guinea pigs.
SS. Asbestosis Bodiss. li=xte asbestosis bodiss were obearved as early as
3 oeoths after axposure began, but they did not bew

care mumercus until 16 months had elapsed. The “odies were shart and practically
all were intracellular, although at 20 months sore were lang emcugh to p:-ojact

beyond the cell Lorders.

It is important to note that in the laler moatis of exposure there was a dis-
tinct increase in the mumber of long ribersup o 70 nc‘om:nleng'cmm tte lungs
m& that after exposure ceased crarectaristic long asbeatpsis bodigs ware seen.

5¢. Thita Rats and fdce., In this mymerimens 40 rats were exposed Ior ceriods

uz Lo 20 ceozths and 2l mice for pericds upts 12



e

~spias. Uaithor goacins doveloved aven 2 sugroestion of anbesicsis and redsiion
123 Lixitad to thagocytosis of ichaled particles by wicely-scatiered dust ceils
which reaiped free in 2ir spaces or were tramsmarted to the trecheobronehial
Lrmoh nedes. [0 asbesiosis Modies very found in the rats vl in the mice tasrs
Tere a very {em small non-haustrated forms within phagocjtes.

In 21 mouse lunzs sectioned there ware 3 inatancas of palmonzry adenoma (1h3).

57. Sumary and Interrretation.

Tee t:ssm;e rsactions observed in this exporiment ware sweh loss sztaasive
and slcwer in cavelopment tuan in ths previous investigation with short—Cibsr
~asbestos. Since presn:abli there wero fevar fibers longer than 3 xicroms in the
naterisl used in this expariment, the results temd to coafirm the imteipresation
ade 1n Seeticn Ll of the short-fiber experizent that the reaction srobablr is not
primarily cherical in nature. A

The finding of long asbestosis bodies in animals irkaling the tall-milled
zatarial is an example of the di.rricnlty of completaly eliminsting long fiters Zrez
an asbestas preparation.

In regard -tom progression of reaction after remaval from dust, ~ich was od-
served in this experizment but not in the others, the following interrretation is
cfZerec: Y:heﬂ the reaction is well-developed at the termination of exposure.ize
contraction of the ri&vns tissue wuuld obscure any possible prograssion. In this
experioent, however, since orly the earliest stage of reaction was rressent at tho
tims of removal from dust, its subsequent progress was apparest. It shiould Ce

I

noted that the degree of frogression was ®o slight that it can have liitle, if

azy, xactical sigmdificance.



8. Ishal-tiorn Exvorimazt vith Lonc-fidber isbestos Dust.

Aftar ari=cls inhaling short-{iber asbestos dust fo. wuae W05t a Fear wd
failed to dovelop significent reaciica, the Lypothesis that asbestosis is pro-
duced by the mechanical irritation ol long iiters *as given aiced support.

Since the Xing's [loats asbestos used in the first inhalation experizent had
a rather low contecnt 61' fibrous clrysctil: and contoined cousiderzble serpentine
and other impurities, it was decided %0 ccnduct a new inhalation experiment with

 a_purer form of chrysotiia which would te richer in long fibers. —

S7. The dustinz material emsloyed in this investigation was cbtained from
the danville plamt of the Johns-¥anville Corporation. Samples of se-
varal varisties of acbestos dust were first subrritted to the Saranac Laboratory

for examination and one kind, identified as Lot D, which was low in magnetite
and chromite and had a fi*rous content estimated to be about 75 per cent, was
selacted as most suitable, Steel wire trustes were fastened to the inside sw—
face of the hopper ard to ihe rotating paddls in order to open up the bhundles
of asbestos and liberate zore fibers into the atmosphers.

&. The eumuién of the long-fiber asbesios used in this experizant is

indicated by the chezmical and petrogrzphic analyses given in Table L.

It appears that this material was a much purer form of asbestos than the shori-
liver dust used in other experirents., This is borms out by cooparing thg approx-

izste analyses of the long-Iiber azd short-fiber idust in Tabla 1S. '

61. The dust concemtration as revealed by impinger samples taken inside the

animal cages was much lower than the councentration for the experinments

with short-fiter or »all-milled cust. For the first year of the experizent with
L

long-fiser asbestcs the zverzge of the lizht ffeld counts was 32 =illion; foo

-2



the seccnd year, LS nillisn: for ths Shird reer, 39 zillisn; znd for tha fourtn
year, U3 million. =wxaminailen O w2 fapinger sewDles with dark field ilhmiﬁ-
ation disclosed thet many fine particlaz less -z one ticrom in sige accozpaniedi
the larger particles and darls fiz’d <cunts sere, on the average, zbout 5 or 6
tires large than the light field counts. | -

62, The size-frequency of stzosghieric samples of the long-fiber asbestos

dust and of the ball-milled dust is shewn in Table 16, Both samples

were collected with the elecirestalic precizitator. It will be noted that there

was far more fibrous material in the lozg-Iibher éusct.

63. Reaction in inimmls to Innaled loncTiber isoestos Dust. Guinea pigs,

cats, rats and mice ware _o.:pl::yed in the inhalstion experiment with -
lnng-ﬁbu; asbestos. Results of the experiment, sczmarizad in Table 17, are
described in greater detail below,

6i. GCuinea Pigs. The experizent was started with 100 guinea pigs. After |
- exposurs had been carried on for a year, a severs epidemic
of pneumonia arcse in the dost room and about ome-thixd of the animals died or
ware idlled. To replace them, 38 more guinea pigs were added to the surviving

group in the dust roam.

-65. Rate ani‘l‘zpe of Rsaction. Histological ezamination revealed grossly
vicibls lasioms in the lungs after § monihs
of exposure to dust, consisting of cenuiu?in.!'iltrationr about the terminsl
hu-omhioles.‘ At 12 nonths, Lhere were adencmatoid c.‘mh:,es m-the air spacas and
by the 16th month a definite fibrosis was »;:eser.: in these areas in half the—
acimls, The fibrous lesica could o geen macroscspically at 20 months. TTos

this timg oz thae reaction increzsed in extent and Iz th2 Zmount ol ¢ollagen.and



o7 the SLth Domth, it had Janzed oul IsSto the pzranchymi. The lesinns ware
vather searply localized anc the extensicns from dusfarent tronchioles showed
no texdency to fuse, even in amizals 'erposed for the arxi=mm veried (3 years).
dithough the intra-pulionary Ts3ciion somsLin:s faacnzd e ;}eurr., viers wos Lo
izvolvement of thal Icrorzne. fo emphysena was visilis ai any poiat. Zoxe

thisk=ning of tha largar oro..c ad with 3 chrcnie inlinatory L trailsn was re-

vea.’.ed, but it probabiy was no mors thal would be oduced bi- e similis exposure

to as7 dust For the first > months the phagecsyies consisted o somsertss or
very small giant cells; luter, giznt cell faormatisi tas zsrs prezinest.  After
15 zonths thae giant cells were large, £1310d with 7allowish-tremm pigaent ané
somstimes vacuolated. Aa occasional animal shoved an .Zxixture of polymorpho-
nuclear leukncyites axd, in guinea pigs expcsed focr & csnrlierable :.::Eiod,
eosinophiles. The reaction was at first entirely ccilula- ut by 13 m:omihs fi-
brous tissue {ormation was definite. Sowever, il never atidned & svaze of
\a;-al\in‘izaticn stggegtive of silicosis.

d mogerate inefividual variation occurred among the exrosed a’=ila, ksth in
the rate of devalop.ag lesions and in the 3tage of davemt atta.ved at the
end of e:tposura.

inalyses of the lungs (Table 18) disclosed that aithcough the tissu. response
was guch greater in thase guinea pigs than in those exmosad to eitheé shc: t-fiber

or ball-milied asbestos, the amount of mineral mattsr iu the lmj ash vas loc:c.

66. Progression. In guinea pigs exposed to tha dust for 2C monthe and tia
repoved to ner=al air, there 'os & zarked tendencr fer
cellular iaftarmatore reacticn o clear. This effact, cccompanied br cumtraeilion

of the Sirous tissue, resulted in a diminishing siza of the facal lesiczs. irne



of these animgls, 'S3227 ot various periods op to iL tonths after evposure.
cwvgelew lesoons 35 137t s those ia tho group zacrificed at the end of the

20-month exposure period or those in animals which resalned in the dust roam

[t B - . . - -
- N view CERPLFRIE -—-:“-:— _—-'h'“.!,-. Frs et caeil st vmea 2an fonal

in four of the six remgining guinea pigs wese so small that t;‘nnr were visihla
only 7iti a h2cd lens,

Recctlion iz tha zroup epocad for 27 months and then transferred to a oozl
‘atzosphere was quite sixilar to the recpcnse in the 20-month exposure anizals
ﬁ:nti:r.c:‘. 2bove. _F._.cw;ver,. sz 1—~I“i were alvzys visible om gross inspaciion of
secticns ol all :aina::\pi;s of tha 27-mxnth seriss but in no instance was there

evidence o extension of the reaction.

67. Lymch Hode Involvement. Raeaction in the tracheobronchial lymph nodes

wag first visible at the third month of ex-
posure. it the §%h ronth patches of csllula- conneciive tissue began to appear
in tre medulla and Sv the lLth month most of the mode had been replaced by
cellular connectivs tissue. This picture, which resembled that in early silicosis,
pérsisted %0 the end of the axperiment. Some animals, as a variant, showed heavy
sheets of diffuse ronocytas and large active giant cei.'Li but there was never any
recresis or hyaline formation. The spindle-shaped new cells were yellowish in
color from fine pigment gramiles that stained fo— iron. No fibers or asbestosis

bodies ware seen.

68. Asbestcsis Bodles., Although asbeatosis bodies ware seen as early as cne

nomth after exposure began, they were rare and hard
49 finmd. At 5 oonthe more ware visible, chiefly coiled inside giant cells, and at
3 mopthg mary Dodiss were free in ccmnective %issue. They becaze falirsly aTiniant

as =gesure progressad allacugh in some later ani=als ths asteciosis bociss wers

cnly mederately namemuc.



- - 49, Cats. Four cats inkalec the lang-fizer asbestos dust for periods of

‘1, €3, S0 am uc ac.ths, respectiively, and were irmediztely
sacrificed. Two cther cats, afler deing exposed to dust for 18 months, lived in

a2 pormal atmosphere for an afiiiionzli 2L meonths.

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

' Froduce cellular accummlations of phagocytes
around terminal bdronchioles and peripheral arterioles togethar with compact col-
lections of similar-cens in the tracheobroﬁchial lymoh rodes. Ai-; that tize there
were no typical asbestosis bodies, but smooth poinf.ed 7ellow fibers were seen very
rarely. ith contimued exposare, up to L2 months, reaction in the locations noted
ogressed to the formation of cellulé conrective tissue zhich made well-defined
sheaths about the respiratory bronchioles and arterioles, marked lymphoid hyper-
plasia and lymphoid infiltratiom of brouchiolar walls. The btronchiolar epith-
elimm was low and flattened, giving the tubes a smooth cortour. Typical asbesto-
sis bodies were not formed although there was an occasional yellow, smooth,
pointed fiber. No plewrisy was esent, The reaction was similar in location to
that in the guinea pigs, but fidrosis was mich slower in developmant and had not

reached the same degree of matwily.

(4. X-Hay Uhanges. Roentgenograms of three cats were made after axposure
| periods of 25, 33 and L2 months, but tissue chinges were
pot dense snough to be .seen on an I-rzy Ol=,

72. Rats. Although 20 rats were placed in the dust room, many died from rmeu-

oorZa and wers "ot s—table for study. Five animals, of whic2-cza

was exposed for 1F =omths and I:ir Ior 25 months, were [ree from pulooras: infece



. 73. Rate ard Tyne ol Reaction. 41l four animals sacrificed at 2% =cntiue

showeu a WRIL-tas~8u De. ib:oma-iola.r fibrosis.
In the 19-month animal, resction was just begimming. Asbestosis bodies were
practicalily absent ab toth 19 ard 25 momihs althcug two small gmooth Scdias ware
found in the 19-month animal alter a long scerch. Thas, tho;e animals exhidvited
fibrosgis "a'ithaut asbestosis bodies.

74. Mice. Out cf 20 white mice used in this experiment, 11 lived a yesr cr
re in dust and died or were icilled without showing an appre-

ciable degree of pulmonary infection.

75. Rate and Tvpe of Reaction. Reaction was limited to phagocytosis by

monomclear cells. Usually these were wide-
’ ly scattered through the air spaces; 3 limited nurber were grouped about the ter-
minal bronchioles producing some thickening of their walls. There was no sug-

. _ "gestion of fib;-osis. The striking feature of the experizent was that 9 out of the
11 mice (82 per cemt) exposed ‘..odust for a year or zore showed pulmonary tumers,
osually adencmatous in type. These lesions did not contain dust or asbestcsis
bodies. - | . -

Numerous asbestosis bodies ware observed in animals killsd late in the exveri-
ment. Thus, these animals exhidited asbestosis bodies without fibrosis.

76. Summary and Intarpretation.
- The purpose of this experiment was to evalnate the importance of long

fibers in »the tissue response to inhaled asbestos. The results indicate stronzly
that long fibers ars chiefly responsibla for the reaction. Thus, in guinea 7iss
rea:’.‘.:_m develored earliar '—:'. Sacame 3ore extensive than in previcus excerizents
e in srite of a3 smaller concenwraticsz of atnospheris -ust and a lower mineral con-

tent in the lungs. Juwihermere, z Iimisal perisssnsnislar Iixrssis was Trooui=l



. in cals although in 3 [reviots experirent with short-fiber dust it did not
Amezi== {n thie snucies.
The cause of the cellrlar fibrosis in the lymph nodes of the guinea pigs

is nST ciuar. IV Ll noe souwr L osuiler Inisiation wrrerizonts vitn ascestes.

ILXOWII. INJECTION EXPERIMENTS

In order to determize i vhat eent the various fibrous rinerals possess
the capacity to p:odni:e ':;ssue dzmage, cumercus injection experimants were per—
formed. In thase cé:ci.mnts guinea pigs and rabbits were used and the mineral -
dust was injectad by the intratracheal, intraperitoneal and intravenous tech-
niques. For the purpose of simplificaticn the findings in each series of tests

. have been condensed and reported in tables, to which reference will be° made

later.

78. Experiments Usi@tratr&heal Tachnique.
Since the asbestos =insrals do not cause a typical advanced fibrosis in

extra-pulmonary tissue, the intratrscheal technique is ths perferred way of in-
troducing fibrous dust into the expe~imental animal. Ia this method the dust
suspension 13 injected by neans of & sp@cul nsedle or catheter deep into the
trachea, from which it flows ix;to the lungs.

. 79. Comparison of Pibrous and Hon-Fibrous Dusts. To demonstrate that the
.  ability of asbestos to
froduce Sidrosis resides in its “t:rous character, the series of injection experi-
sents reported in Table 1 were puriormud. The tests were made with unheatec

. long-fiber chrysotile and 'wiin ciuestile that had been ignited to destroy 1is



-

{lecible structure or toll-mlled U rriuss 2 lormtk ol Jivee 't 2 miceons and
Tees. o0 The same Wlmn ororTl WesuloFoTe Made i zarpentine, wuicm nas uae

saxe chemical composition g8 ehiry=oiile ntd iy tom='ilsswi. A review of the

IR TESs Lo il A E A A A . Presa e awaitined Mhmamig,

Fibers subjected to imnizicn or shoriznmad o ball-zillirg hod irst trair cazacity
%o cause serious tissue datage. Igniilon fricnce? IIpertant chsnges iz the chry-
sotile fibers, ameng them teing losz 2L maiaer, an zlteratiou {reo a Slemible to

a brittle structure ad ...nbly othar chanza:.

30. Cozparison of Tarious Lonrg=Tibar Tusts. Some very intcr:st-i:g firdings
) ’ » are disclosed =¥ the results cf
the experimeats included irn Table 2C. Firse, all the logz-r'iter asbestos minerals
tasted, with the axception of anthephyllita, produced a Sypical Jbrosis. It is
not entirely clear way anthophyllite benavad differantly J-om tha othsr asbestos
minerals. Unfortunately, £ of 2 anim=2ls died of rnyumonia within the first two
weaks of the experiment anc the revairins anizals wire sacrificed at 1, § a=d 12
2onths; thus cbservations ters nov. mada at the opiimua periods of 2 and L months.

Secbnd, with the minersl brucite, mhich is not a silicate but is a fibrous
fora of magnesium hydroxide, a characteristic fidrosis lika t&t of the asbestos
minerals was obtained. Since the brucits usec cootaised snly C.20 per cent silica
(as an impwrity), it -is sbvicus that a siliceous cozponert is not an essential
factor in the development of acbestosis. |

Third, oo ﬁ.bmis reatlted Jron the injection of glass wool [ibers, even
~ though glass wool resembles asbestos in scoz vays. There are fimdasental diffar-’
ences, hovever. A glass wool fiber I microns :Ln dlauseter is 2 solid rod azd, in
shors lengwhs, is falrly rigid, wnilec an asbzstos [iber of the saze diapeter Is a
apdle of s‘c:-e;r.e"' fine Mlzments wnich izmart ¢ the Zidar a high degree 34 f“—.ex-

initity. I3 would seem thit this sirveture and thz asseciated Sladibility are



important factors governing the capacity of a mineral to oroducs paribronchiolar
Librosis.

81. Comparison of long-Pider and Short~Fiber Dusts. With quartz dust it has

bean demonstrated that
the smaller the particlss, the more intense is the tissus reaction, and that there-
is little reaction to particles larger than 3 ;l:!.cz'oru in dismeter. In the case .
of asbestos, however, the revarse is trus m:l -apparmtlr only long ﬁ.ber; have
any specific effect. This 13 confirmed by the data of Table 21, in which a series
of tests with fibrous minerals is reported. Then the injected dust consisted of
fiders 20 to SO merons long, all the minerals tested (except anthophyllite, as
- noted in Section 80) produced a fibrosis; when the material wes prepared by first
grinding the £ibrous dust umtil the length of fibers was reduced to 20 sicrons and
less (ar, in some cases, 3 microns and less), none of the injected minaral dusts
cansed fibrosis.

82. Zrperiments Using Intravencus Techuiqua.

' The experiments, descrided in Tabls 22, in which ths intravenous method af
injection was employed, show that the asbestos winersls are far differest from
quarts in their action on tissue. It has been repeatedly demcnstrated that intra-
. venous injection of quarts particles 3 microns and less in dimmeter will cause 2
typical tissus reaction with the development of fibrosis in extrspulmonary sites,
such as the liver and splesn. Asbestos minerals, bowever, on intravencus injection
genarally produce only an inert typs of reaction, as is revealad by the results
given in the tadbls. Tﬁc reason for the early deaths in the experizent with chryso-
tils pacticles is not clear; it“:-.:y have been caused by silicic acid liderated by

tha fizely-gro=d zineral.



d3. Experiments Using Intraperitonmeal Technigue.
Ine results of injection experiments with the iﬁtraperztoned technique ars
given in Table 23. It will be noted that the long-fiber dusts produced a fibrous

reaction while dusts couposed of particles 3 microns and lass in si.z; caused only
an inert type of response. These experiments indicate also that the fidrosis
initiated by ths irritation of asbestos fibers is not restricted to the lungs,

as was formarly assumed, bul can be produced in the peritoneun as well.

IV, oﬁmmmnmmosmm

A mumber of additional experiments wers comducted to throw more light om
specific phases of the asbestosis problea,

85. Protective Action of Alumirmm Compounds. S
Intratrachesal injection of & suspension of long-fider chrysotile to which

‘collofdal alumimm hydraxide had been added revealsd that the addition of tne

aluimm compound did not revent the tissue Lrritation produced by chrysotils.
If snything, the acute inflammtory respanse to the injected fibrous mineral o
was accelersted. One month after the last injectica of the dust suspension tbe
brenchiolitis was becaming fibrous. |

86, PFormation of Asbestosis Bodies.
The iron in the costing of the asbestosis body appears to be derived from

‘blood or tissus elsments and not, as has been suggested, from the m.neru.i Lder,

Following subcutaneous injection of two kimds of chrysotils into the groin of
guinea pigas - one kKind containing 2 per cent and the ot‘mr 0.2 per cent fe0
the asbestosis bodies ware equally mumercus at bctbr sites of injection.



=

4dn attampt to produce asbestosis bodles in guiney’pigs by implantation of
thres 8ilk bags comtaiming risrvus carysotile was ccassful, One baz plu:t-d.
subcutanecualy in the abdominal wall disappesared; ths other two bags, placed in
the peritomeal cavity, produced & little fareign body reaction but oo asbestosis
bodies in a year. '

Intrstrecheal injection into guinea pigs of asbestosis bodiss recovered from
hmen lumg tissus failed to produce the typical tissus reaction to ssbestos
fibers. The injected material was cbtaned by digesting with sodim iypochlorite .
saluticn lung tissue rmved at gutopsy from an asbestos wric:r The asbestosis
bc:u.« ecnldbcminmmumpizatartthutayurmm«uon. .
This cpc'imtlhanthlt the asbestosis bodyhsamhurummm *
mumeummbymmuwpomu treatment and nay de maintalned
in vivo for a year or lorger.

LIXXVII. THEORY QF IRRITANT ACTION OF ASBESTOS MINERALIS

Two bypothea: have been proposed to explain the tissue irritation and reac-
umemdwub;nmﬁm: the chemical and the mechanical., In the chemical
thecry, which is based upon experience with quarts, it is assumd that the as-
WMMlnmtuwnmumdtmmmmamm'
are loached axmy to leave silica in a form capable of irfitating tissues. Accorde
ing to this hypothesis, gwuewymmﬁkmwmtdneuu. Sevaral
_facts malm the chemical theory witemable: (1) intratracheal injectioms of bru-

" eite fibers, which had a silica conteat of only 0.90 per cent, caused a typical

f4brosis like that produced by tie asbestos zinsrals; (2) free-eilica particles

increase in patenéy as the particle size becomss lass, but asbestos fibers

shorter than about 10 %0 20 miceszs z-: ralativelr ifmmocisns; (3) flusizim



. hydraxide neutralizes tha ir:-i‘:.a:im; effect of quartz but not of asvestos;

(L) serpem'iis hoz nz siSe ciizmdocl sozpesitisr ot Loz -fiber chrrsotila but

it does not produce the saze idnd of tissue reaction; (5) there is 2 wide range

in the chemical ccpc.,:..-o.. «f the mizerals whicn do ciuse asbesicosis (see

Table 24). In view of this evidence it seems mcre likoly ti:a.t ub;stoain is

caused by an umusual mechanical :erita.ticn from loog asbestos fibers. Prob-bly

this irritation is related to the pecuna. tumted strocture of the fider and (,ad
the ass associsted {ledbility, which are pccsossad by no other foreign bodr./?: K

exaaple, ignition of chrysotile [ibers charged their structure and made thea

ert while the sams fibers, befors being heated, would produce fibrosis (ses
‘Table 19). Further support for the thecry of mechanical irritation is that
asbestosis occurs in an organ of high mobility - the lung - &nd that 2 fibrous
reaction can be produced by injection of asbestos fiders into the peritornsum,
vhere thare is also a degres of mobility, bt not in other extrapulmonary orgars.

LIXXVIII. COUPLICATIONS

The experimental investigation with asbestos minerals was concerrad primarily
with the effect of the dust on normal tissue but scme attention was ziven to
othcr phases, such as susceptibility to lafectiom and cccurrence of malignency.

8. Iafection.

The onJ; experiment in which the effect of inhahd asbestos dust oz & pul-
monary {nfection was gtudied was the first inhalation experimant, carried on witl
"Xing's loats” dust. It is, perhipe, wnfortznate that infection studies wers
né- zade in the other irhslation experiments also.



$0. Suscepiibility to Tubarculous Infection., Th= ié-ulu,-:ﬁf of & tmoer-

culous process initisted at
the beginning of exposurs to asbesios dusl, and also of an infection superizposed
7pon an established asbestosls, ras descrided in Secticos 19 .end 20 of tiis re-
port. It will be noted that asbestos, whan classified saccording to the effect
of & dust on tuberculous infection, would be placed below an active dust like
quarts but above inert dusts, such as caleite and grpsun. In sninals infected
with attemuated tubercls baeilll, quarts will cause the infectiots process to .
progress until the animal dies ol tuberculosis. Inert dusts will have no effect
on the infection and the lesions will nsually hesl and the disease disappesr.
Asbestos dust i3 in a different catogery. Then the fitrous dust was being in=
haled chzring the evolution of the infection, thers was a spreading of the Suber— |
culous process for a time but usually the stimlns for comtimed proiiferstion of
the tubercls dacilli was not sustained, the progressicn was arrested and bsaling
followed. In guines pigs infected with attenuated tubercle bacill{ following the
complstion of neerly three years of exposure (O asbestos dust, progressive disease
did not develop. The only modification of the infecticn was ane of localisation,
afubqamfymmdmtm:mvummmnmmmmtm»
tmmmammummrmmumtum Such tubercles
hmuammutwommmu,Wwwmth

course of the dissase.

91. SusceptiBdility to Son-Tuberculous Infection. There was no pointed ex-
- , perizment concarnicg the
effect of inhaled asbestos dust on non=tuberculous infection. Intercwrrent puou-~

=onia acong animals expoged t© a2sbestos dust wes rather coxmen, the f{requescy in
guinsa 7igs exposed in t.hs‘ fowr inkalation experizents ranging frem 15 to 35 per



|

" cent. This incidentsl evidance sugsests the possidvility of an effect of ashe~::

cdusc on non=vuoerculcus irfection. Neverthsless, since such epidemics are not
uncarmon in inhalaticn exterirsnots with other dusts and even in the colery of
normal animals, it is felt that the inhalation of sstestos dust does nct exert a
sigmificant eifect on the susceptidility to noo-tuberculovs pulmnary infectioz.

92. Reoplasa.

No specific experiment was conducted to determine whe‘her the inhalation of
asbestos favors the davelopment of neoplastic disease but certiin observations on
this subject were rscorded in the outline of the proposed mozigraph on asbestosis

- submitted by the late Dr. L. U. Cardner in Pebruary 1943. In it he callsd atten-

tion to the high incidedce of lung cancer among x:ice inhaling lcog-fidber ashestos.

— In h{s experimental notes, however, he referred to these lesions (s adenomas.

There is an important distinction between adencms and cancer rhich should be
made clear. A cancer is a tumor, or neoplasn, capadble of local inazion and dew
struction of tissue, which can distribute cells through the lymphatics or blood
strean to produce isolated foci, fram which new twmors develep, This phencoancn
o:mmtmuhunummuwwmmpiui£u;
malignant growth, of which cancer is ons type. An ademoma, ca the o.her hand, is
a so-callsd benign or nou-malignant tumor (neoplasn) which zey.or mer not be
capabls of local invasion tat which does oot metastasize. |

In erder to clarify the exact nature of these lesicns the pathlogical mater—
1al i3 being carefully exaxined. Since it is felt desirabls to hs~, the benefit
of Tector Tormald's Judgnemt, a review of the Aate on this sbier’ {r hairz fort-
poned until after his retwn from Earope. Rather than delay the ent'::e repert,
ﬁn'thor ¢iscussion will be resmo;: for a supplement to be issued lst:.
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Ceing Yo W2 vast ot of dala izclrde? i3 Lhis report it seems zost

couvenient to state tle cinclusions deriveld 2-oz the iovestization amd, when

necas3ary, follow e2ch oo with a brial sesurs of the evidance.

d. Tarious forms of ssbartoc Iiberz produce a peribronchislar fibrosis cf the
lurgs ol guiwea pige, ratc, cats &6 radhits but not of mice and

dogs. . ' » —

: -

-~ Both iphalaticr azi injestics wpurizentg provide acple mupport

for this conciusion. Tigures § and 6 show the reaction

to tmo d‘.::ez-,e.-.t incg of asbasios xine=zl.

B. The mxde of action 3ppears 2 v2 primarily mechanicsl rather than

v -

chemical in nstare.
The evideace is given in section LITXVIT, Pigures 1, 2, 3, L and
7 illustrate the important points. The fibrous filazented -
- stzactt=e of asbestos as;aars to slay &an essential part in the
irritating action, since the solil fibers of glass wool do not
produce fibrosis (sce Fimxre 8).
C. Short asbestos fibers do ot produse fibrosis.
The conclision is ioplied iz the svic‘.e#u zenticned iz para=
graph B adovs. Erperizents which further suprort this finding
are reporied ir Tables 21 and 232.
D. Typical 2ibrosis can be produced by an atmospheric suspension of
asbestos dust eccmtalning only mu extremely sma)l proporticn of long
fiders.
In the in-zlsticn evperizend wif.‘x 200 per cent ball~ailled

asbestos Izst o {ypiccl, inoush deloged, filrosis mas

Ne
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