PLAINTIFF’S EXHIBIT

AFFIDAVIT

WASHINGTON )
ss.
DISTRICT OF COLUMBIA )
BEFORE ME, the undersigned Notary Public, personally came and
appeared MICHAEL RHODE, a person of the full age of majority, being

of sound mind and body, who, after being first duly sworn by me,

did depose and say:

I, MICHAEL RHODE, am an employee of the Armed Forces Inmstizute
2f Patholaogy, Washington, D.C. I am custedian cf <he zrizinal

archives cf Cr. Arthur J. Verwald.

Pages 1 th:cﬁqh v attached hereto are trie, zcrrsct :nd
cathentic coples cf documents frem Dr. Arthur Vorwali’s arcnivas
he rcages at:tached are ASBESTCSIS - Txrerimental Stuoiisz zv Ths
S2r3nag laccratory, Fevcort $o the Johrmg-Manyillae Jovooratica 224

Dr. Vorwald was the Director of the Saranac Latzcraztzsry cf zhe

Trudeau Institute. Upcn his death, Dr. “crwald's arzhives ware
iznated to the Armed Feorces Institute cof rathclcgy £y nis wilzw
Zr crwa:d’s archives are n such gendlticn 25 T2 ralss o
susgplicicn concerning therr authenticlity: they wera raleilvad Iy in2
rmed Forces Institute cf Patholcgy frem Cr. Vorwald’s wiizw alzar
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3r. Vorwald’s death: they are presently on file as authorized zy

-~

law in the National Museum of Health & Medicine, Armed Forces

Institute of Pathology, Building 54, Walter Reed Arzy Medical
Center, Washington, D.C. 20206-6000; and the archives have bkeen in
existence for 20 (twenty) or ncre years.

MICHAEL RHOOCE, /VAFFIANT

-

SWORN TO AND SUBSCRIBED Ltefcre =e, the undersigred Nctary

sublic, on this the - = Zay =f april, 13§62
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ABSTRACT

Asbestosis is a pulmonary disease caused by the inhalation of asbestos
dust. In animals it is characterized by a peribronchiolar fiSrosis mich
seems to De the result of mechanical, rather than chemical, irritation of
the tissue b7 asbestos fibers. Only the long [ibers produce a typical
reaction; short fibers are relatively inert. The fllamented structure of the
Iibers i3 an essential factor in the mechanism of irritation. A character-
igtic tissue response can be produced by non-silicecus as well as 3ilicecus
fibrous mzerals. Irhalation of asbestos dust apparcntly does not alter
signiMcantly the ccurse of experizental tuberculosis in guinea pigs. The
asbestesis dy, whi.ch i3 =z specilic concomitant of asbestosis and forms
soon aftecr the entrance of the asbestos fiter into the lung, is telieved Lo
Frevent Dumiher dazmage to the tissue Uy othe fiber erd trus to it pro-
Treazion of the reaction whnen exposurs ceases. AlTdrium coes noh sxart a
trotective action against the tissce ‘rritation of aghestos Jtters es LY

does against trat of quartz garticles.
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isheswesis i3 3 Jorm of pnewnoccrdesis resuliing irom prolongec

tizn 2f &shostos dust. Ths nome asbestos, liierclly "mburmable,® 13 not

A2 &

WhzlL of & narticular incral tut is a term agplied %0 a masber of different

~onrzls thosa2 characaeristic Jaature s a structure casrosed of long, Tar-

—

inenes. >Ir2

tarietigs are 2tiffar tman others but many are sulficlentls flax

N
O

“Se serTentine FToure,  Listad Telow are Lhe Ire coomcn
Sep————tae, ———TN— .
Tarieties.
dnthorhyllite (g, Pej silicate
.Zosite (Y=, Te, *1) silicate
arraitole {Za, ¥g. T3, AL, '8, {) silizzze
Sz {Ca, ¥z} ziliczte
aTinzllite (Ca. Vg, Ta) sillzate
Toziisions WNa. Te, v T2 siliciie
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g \nydrous;
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The bulk of the asbestos of cermerec is chrmiviile, 1 5C.23102.29;30,
waick is mined in the IThetford seciza of ihe Trovinee cf Liecec. lrocido-
iite and amosite are also tsedé commzrcially Ulw In mech snller atounts.,
Thrsotile occurs c3 Teims in serpentine. o wizeral simziig~ In chzmical coz-
position to clrysotile ul Thich exists iz acesive Usrz ani is wade up or
meroscopic fibers without the paraliel orientation charac.eristic of zhrysc-
tile. The massive blue Dleck serpexntine, which is mooth and soapy to the
touch, is traversed by veins of fiorous choysatile varying in vidth from a
barely perceptible line to six or more fnches. The {ibers mm zcorsss the vein
and not lengthwise with the focrmabion.

Attention is directed to the =ineral brucite, :zC.RpJ, which is olten
found in the same formations with sercentine az2i chrysotil: and

in structu=e. 1% has no cexeercial value 2t present lecause its

to be used in fteriiles tul thay are 22radble of

U, IXFTIRGITAL A33ISTOSIS
Tor zany vears studies have Seen carrizd om by tho Saranzc Ladoretery in oan

imvestigation of the cause, nature and develorment of asbestesis. The cresent ro-
3 & .

port is devoted to Ixperizental Asbestosis. In it are descrited the zaniral ex-




Although ashestosis in zen is 3 chronic disease which requires years to
develcp, it is possible to raproduce in one or more species of animal character-
istic tissue changes which are similar to the lesions of human asbestosis. Since
the life—span of the experimental animal is relatively short, it is not possible
to develop the characteristic lssions in animals urder the usual industrial cen-
ditions. Consequently, to obtain a complate evaluatlon of the tissue response
to inhaled particulate and fibrous material, it is necessary to accelerate the
reaction by employing higher concentrations of dust than would ordinarily b%e en-
courtered in industry. While corditions of exposure are thus different, the
i{nforzation yielded by experimants with anizals is invaluable in furrishing a
hatter understanding of the reacticn of the human arganism to {nhaled asbestos

dust.

€. Zxperimental Mdethods

For imvestizating “hs bioclogical reaction of the experimental animal to the
va~ious asbestos =zinzrals, two types of technique have teen emplojed, nanely, the
izhalation zethod and the injection nethoad. In inhalation experizents, sTops
of an‘zals = up %o 100 or =oore grirea pigs and sometimes smaller mbars of
~abbits, cats, dogs, rats or mice - are kept Jor eight hours a day in a cubical
dust room, eight feet in dinension, in which a cloud of aghestos dust is saiptaizsd.
At {xtervals during the experizent, g fow 2nimals are sacrificed and the tissua
examined to determire the nature and axtart of the cdust rsaction. Some anizals
are exposad for periods up to three rears. The injecticn experinzents, in which
the dugt, eitber dr7 or suspended in Zluid, i3 {n%roduced in%o tha anizmal ©F the
iztravencus, fatraperitoneal or intratracheal procedure, are wsed o Zetermine

whather or nct a parsicular 3ust has a potential capacity W procuce tlissue



- &+ AT BRI S ——
long-tern imneizliczz ape

ance is placed when estizating Lhe csgTee o which a dust might be haZardous to
industrial workers. 7Thether cr rot atnosgheric cus:t, even though petentially
dangeroms, c23 te inhiiled, zozz thiz neturzl Jdoferse tarriers and reach the pul-
ponary Lissus in quantities guificiant to cause damags can be determired oy oy
ianalaticn procedures. I eculicn eperiments arce wsaeful because in them contac
between the dust pariicles znd tissues is azswured and the potential czpacity of
the dust to procduce reaztico <an te estimated accurately. When dealing with fi-
crous mirarals like asbectos, the intrairacheel cethed is valuable since % per-

2its obsarving the effect of the fibers on puimonsry tissue.

4. Species Suscentibiliswr

Unlike free silica, asdestos coes not exert f{is specific effect in 221 sorzacs
of all species of animal (Tadls 1). Injectioz of firme quartz into various orgarns

of the gxinea piz, rabbit, raw, cat, cdog, chicken and even tadsole will preduca

1

silicotic nmodules. However, sizmiler injections sf lozg or chort Jiter astesics

lung ard, %0 2 lesser extani, Lt the
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T. Teacullar Charactericitics »f Asbestos

Zxperience has doonsirated that 2ost of tha particulate zatier innaled into
the lungs of man and anizal s 10 zicroms or less in raxdmm diadeter. larger

sarticles apparently are excluded by the protective nechesism of the upper respir-

atary “ract. Iz the cueer »f Iitrous oaterials, nowever, this restrictiisn doas nsv
apply and Tibers 120 anc evin 200 atcrcong in length have teen founz Inotna terzioe
al air snaces of wman Lumgs. Inosmatl loboraterr animals exposed o oastesios

acd in the Lumg rarely exceeds 50 microns.

N0t everr Xind of Mircus material is inhaled with equal readiness; oo cxample,



the synthevic {ibers >0 glizze ~mel operenily are oo infioxidle Lo pa3s sasily
tarough tae nose, rharynx, trachea and tronchi azd selcom raach the terminal
bronchioles and alveoli.

Inhalec particul=tz zatter comes to rest thooigneut wie lerminal air spaces
(alveolar duct, atriz, alwvesli) in 211 saric »f the luncs; i;h‘aled astbastos fiters
are first retsired in the respirztory bronchicies. These vary small tubes are
immedi{ately distal to bronchioles lined by ciliated epithelivm. Their own essen-
tial lining i3 a low cuboidal t~pe of epithelium but, as their name implies, they
actually function in respiration through lzteral alrecll given off as nouches
along their walls. Either these pouches, o the adrmipt change in the chzracter
of the lining epithelium, cr the dacrease in Ziazever »f the tube, or rterhaps <he
cozbination of all chres ractors 13 responsgitle for Zacel retentics o the intaled
fiver, Cnly after asbestosis Is wmell established are apprecicble zuzters of fi-

ters carried into the more rericheral &ir s-aces.

3. Pate o7 Tissue 2eaction e

The rate of tissze reactisn o astestos i1s much Tore mapid thon o oin zesive

dugt like quartz. Ividsnces ol tisstue restonse arpear a5 3ccn as Jiters -ave

‘3

localized in sufficient corcenirasion in spscific arsas. In rals receivins istes-
tos fibers by intratracheal injectisn this avidence 1s 7visidle -3 early s3 “wo
woeks aftar injection; foo queriz dust the latent period might ba txo montng or
nore.

Tra behavior cf the tissue meactiion o inhaled 4ums after the -—orminatico o
exgoguce 13 not the same in silicosis a3 Ia astestcsis, In siliczosia, <he 7oung
rnodules become larzer; iz asoestosis, Toung scar tissue.thabt zaxy have Joimed,ccoe
“rac:s and heccmes oore danse “ul the arra of invelvrszant lecreases o ozizc. 2

excosurs o asbestos dust Is terminstad afier 2 btrief perizd, the racently-inhaled



fivers in the lung =ay cause the MNbrous ticsue response to rontinve ior e

short +ine, until the fibers have ta2n coated. This rprogression is of oniy a

3lignt degree and ¢ little significancs.

. 2shestosis 3cdies

~
’

The peruliar structure knswn as the asbestosis body” or curious body iz a
specific concomitant of ashestosis. The typical bedr is a golden-yellow, beaded
or raustrated rod vhich may be either straight or cuwrved., Often one or both ends
are tulbous like a Zuzt—sell. The todies vary comsiderably in lanzth, and di-
zengiong up %o 250 =icrons have “een r2corded.

t is bellevaed that asbestosis bccdies are cue to 2 deposii of protein ard
iron pigmemt upon the surface of inhaled fiters. In gulnea pigs ther Torm aftsr
about 5C days ¢f contact with the tisgue. ‘hey ara éband.a:‘.‘: iz man ansd the guizea
piz (sea Table 1) but are much larger inn the forzer, probably because the largar—

ter dimgngion. In cats, rablis rd 2:ce Lrors
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gized eir~ “ubes admit L

tirg of a Zew of tte fiters alter much lscger residenca in “he
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i3 an atypical co

Ta rats and <ogs no Tedi=e zould ha discoversd. aAllthough the eviizmce i3

ircozrlete, Lt appears thal the fimmaticn of the asbestosis Sooy Trevents lioongze

Pl mge

&

‘o0 “he tisgus by the {iber.

T, IZEALATION ZXCZRNDENTS

Tour comprekezsive inhalalion exgerimants have Teen corducted at the Saranzc

)

tes 2uzt, In aach of Lhess investizatlicns

t

ehoratory with various forms 5D ashe

Bare N re than T — - : -~ agr s 1" g A

rarging 0oz 2 Lo more than T oearc, e four winds of 2ebestscs dust exmicTec
S - W< - o~ — N b - s ~ T -

are dentified a5 Fimg's [ioats. szhom [izer, 100 rfer cent tal_-ail’=2c, and



11, TInkaiation Exveriment wiih s Tlozis" Lsbestos ust

The first Irhslation eorizent cooducted 3t the Seranac labaratory with
asbestos dust was begun iz 1728. asaimals inkaled the dust for periods uwp to
cearly toree years and soze Jwinea pigs lived for ezout foyur years alter their
firat exposure to dust. & pralimirary report giving obgservatiocs after 29
months of axposure appeared in the february, 1931 issue of TEE JOURNAL OF LDDU-
STRIAL HYGIENE.# &b that tina obse=vations covered a period of only 2-1/L years
and the conclusions as to the uliimzte effects of inhaled asbestos dust were
crovisional. Fesults of ithe comple'ed study show that most of the cocclusiors
dra¥n in the prelirdirary report =erz substantiated. 24 complete review of this

experiment Joliows.

12. Tre cusiing materisl wes 4 commercizsl variety of asbestos dust known

as Tinzsts Tloats ard was corpogad ol shors fibers and partizles of

variatle size. I3 vzs sblaired froo thz Thebtlord, Juebec rplant of the istestos

13, The dust cozoosgitica (Takle 2. reveals -hiat the anount 3D Mbtrous cnrrIc-

tile was coly 1i per cens, 2 rather low value. Zeosever, thers was suf-

Deignt [ibrous material to ormoduce a characteristic fibrosia.

1. The dust concentration at Iirst wzs quite low and for izpi-ger sanples

tzken soon after tha experizeat was slartad, the average light fisld

count - by the standard ‘echnique was cnly 5.0 2illiom particles ger cu. .o lcct

air. 4o appreciable nmmber o7 larze cashiicl icr Jibers; also werz cresent, o8
€STTIIZS TV TYPTRIENTAL TITUINCINITSIS. TI. Imnzlatica of Asbestoes Iush., Cararar,
U2 : - LTy Thala

.0, and S.I. L oHvg., 120 I, STelil, LS21.




anowm ty an average count of 0.6 million far particles griater than 10 zicrons.
After the finhalation experiment had been under way for epout *»o years, the spead
of the rotating paddls in tr}e dusting machine was incressed and {cr the romain-
ing 9 or 10 months of tha experiment considerably oore cust was cdistersed into
“he atoosphere. Average dust counts for iwpilrger samples collacted 2ftar this

change were 53.7 million for the usual light-field methcd. and 1.6 milliom fer

particles larger than 10 microms.

13, ZFeaction in Animals to Innzlzd "RXing's Tloavs® :stestes sust. Rasulis

of the investigation, brieily sumarized in Table 3, show that inhala-
tion of King's floats asbestos cduat produced & cypiczl peribronchiolar {ibrosis

in guinea pigs but wot ia rabbiis or rats.

2. Guirea P?iz3. Seven goups of Zuinea pigs vere used. In t'mwe:

f
)

s
8}
[

the effect of a conbimwous and ol an interrupted dust
exposie was studied; in Ywo ciner groups vhe ralationshiz Tetween inlectiion and

23t =xcosure ¥=3 Investigated. The rezaining wwo groups were Infaclioz controls.,

7. Zate and Tyre of Reaction. Cwlinea pigs inhaline thisz dust Zor reriods

up o 32 months develored a character:stic
fibrosis occurring in conical patches about the respiratory bronchicles, ITurirg
this exposure the peripnreral alveoli were not imvolved. The particulate elements
in the Just were transrorted to the ly=zrhatic systaz where they caunsed zo signi-

ftzant rezctlon; the fitrous elements remined fixed at the site of origiral

lacaiizatiscz and were seldom dstecied fn the lizghold <isste. Fleurisy end i~
22313 iz <he cezid wers sfzazrved only when irfectlion ccorlicaled the grocess.

tad been preocuced about mary respiratory bronchicles. s more dust was iphaled,

cu=ulste in the saze locatiaon and later stages of the digease

=Y conmtinu



consisted of eTtensions of the criginagl lesisus. Jdew areas more nct involved.
Apparently, the imhaled fibers were cazught in the pucksi-lite &lvesli Lhas
are given off froo the letersl walls of the respirators bSrcenchioles. There thay
vere thagoeriized and many of thex were carrizd into the wmll &y = gra-ory cells.
omomuclear leucocites atiracted 4o the ares cawzed an azprecizble thiczlizming of
ihe bronchial vwall. After 15 months a delicztz {ibrosis zade its zppearance.

The process evolvad 30 gradually that mitotic division of Sbroblasts cowid

Tarely he discovered; nevertheless, tte numder of fine intercelllzr zallozsnoir
fiters (fibrosis) ctteadily increased. .is this fikrosis cozmtracted, is nartizlir

closed the alveoli, and with this atelectasls the lining epitreliupm acsumed i3
enbryonic cuboidal form. The result was the sadencra-li%e apnearance
descrived in zuinea pigs inhaling silicon carbide. Ths larger erpesires resulsed

orly in more thickening of the walls of the 2ir spaces, largely due

crease in the amount of fibrosis. The fibrous tissue alsays remzined czllular
crd never showed the nvalinization charazeseristic of silicosis.

23, Frozression. “he reacticn procuced in exposed zuinea tigs Zi4 st treo-
gregs 3ignificantly <uring a swtsequent Terixd of 27

aczshs when the aninals lived in a cormal a‘sosthere. 3etween I ard 11 zenths
aftar exposure ceased, the celluler rezcticn nad been completelr replacad o
thin ghrarnds of librous tiasue, Observed swlill lermger, the gcar tissuce decreszsad
{1 anouwtt but in the last animal sacrificed, 37 zenths after discontining dust

expostre, goma Zibrosis was still viaidle.

b ~ o e S——— SR -

1§, Infection coincident mith pust Tnnzlatiom, 12 the zrTup o LT unca
siges nfzcued with Z.tan-

wated tutercls dacilli (R strain; 21 diad or were sacrificed =elors ixt Tzars

1
h
I3

of cust exposure and were Teported Iin the pater o Gardner i wmiings menticned



above. Seventesn of <tece dliz2z from Intescurrs Briefls, the ra-

sults were 25 {ollows: 10 revsaled scm2 svzdznce of spread of the tuberculous
process; in 6 of these i% was confined to the lungs and in the other k4 the
abdominal viscera slso wnre irrolved. Ususlly & clignt lsocal extension of the
teberculous infection had scsur—ed but cubsaquent healirg had resvliled in fi-
brosis of both the pulmonary lesions and the secondzry lesions in cther organs.
The healed puwlmenary iesions showed nore f8brosis than is characteristic of
either tubercuicsis or asbtestosis zlone.

The 9 aaizals which were tili 2live alier Yv rears of dust exposwre were
sacrificed at intervals during She Jolleomany wear. In L of them <he trimary foci
of infec<icn rad healed wi.h [itrsgis and even calcificalicn and ihere was no

idence of grosTessicn. In tha other T “he tuterculsus Joei showsd evidence of
having treviously sgread locally: in L of “hem it had healed, by the tizme of

astopsy, with excossive {lorosis; in tie obher anizal there was a zeneralizad

chronic tusermilous prneuwenia In cne lcta and isolated crimery “urercles, waicn
ware still active tut had nob spread, In the other lcteal
Ividence of =xtension sf the inflection was Zirst geen aftar T mernihns of st

inralation; diing the next 20 zZonths —ore than half of She aniza’s zhowed an
actively spreading tuberculosis and in 3 of them 3zall cavities had developed.
ring the last 3 months no andmals exnibited any evidence of zctive infaction

althecugh %2 half of them the healed Iibrous 3care of Tevious extersicns were o0o-

vious. 3Sixiy per cent of wish spreading pulmozary tulerculisls
showed Lunerculcsis of che spleen and Iiver,
0. Infec-icn 3voperizmeged Tron an fetatlisned i3testosis. (Felvae Tiizea

rnaling asbestos dust for nearly 26 -onths, were lrntfectied with Lutaercle tacillt and
g 7 3

then renoved ‘o ncrzal air. The subplewral tuSarcles in the Jdurtec anizals were



no nore numerous than in non-cucted conirols, bHul a consicerable nutber rere
found in the depths of the lung about foci cf asbestusis. <he ~eaction Lo infac-
ticn showed only slight local extension about the arigirsl siteg in the lunes
znd tracheobronchis) ly=—gh ncdes. The abdemingl viscera tars invslved iz only
cme animal, Caseation was found !n ‘tbercles 1-1/2 months -1d but by &1/2
zonths it had completelyr disappeared, leaving only scar tissuz. The latter suill

persisted in the last animal, which was killed 1l wontha atter infection,

21. Aisoestosis Sodiss. lboderate mmbers of zsbegtosis “cdies ocoirTed in

the Iungs of the guinea pigs, tecoming xore nuzerous

and zore distinctly seagzented in later montas.

22. ?2abbits. Ratbits exrosed ¢ the ashbestca dust far perizcs uz ¢ 12
zonths developed a low-grade foreign-~body tyze of rezczion bas
no fibrosis. 4lihough their lungs contained particulzte elements - %na dusty
Tibers vere not gresant, indicating thet the urper respirctorry zegchonisz of <he

~abhit is adequate to excluce fibrous foreign bodies. Two rabbits, alter inmallcs

o
'
.

|

iugt for % and 18 mcoths, lived in normsal air Zor more than LW y2avs. 4
trer anizal gnowed amy eviderce of zeliulew reacticn ar Jitresiz ‘na the term—

‘~al tronchioles nor were there any aztest=@is bodies.

23. Z2ats. All the whi*ae rats had acquired am infection, rasulting in the

formatisn of pul-ocary abscessag, before they caze to autopsy.
2t Terr Ss=w lters

Apparently, so much heavy Tucus Ststructed thelr dronchi Ul

szuld have entered thelr lizmgs., Inoa




2L, Sumary iné Tatertreiiuisn ol Inhelation Siperiment with ¥ing's Mlzats §

e findings in vt oxparirent watd JANg's Lleaus LuSy cél ©2 swIzare
ized der three headings.

Ae Zifect af (re inzled 4

b T L on P
..... Tha Ting's {lcats

b
:
E.

dust caused a charac-

terigtic peribronchislar fitresis in Juinez pigs Sut cot 1o rabbits or rats. Tae
fibrosis did not prozress altar the dust exposure was discaontinmed and the guinea

cigs trans{erred to normal air,

2. ILffect of the Inraled Zus' on Liberculosis in suwinea nigs. In guicea
ciss in-

fectad with attenuated tuberele _zzilli 2nd then placed in the dust rocx, the

by

results were more veriable thar 1o sual inoan evgeriment of this wiTme. 2 few
ant=als showed zo sizn > rreogressisn; in mogn of trem there was evidsnce of tam-

porary Srogressicn Tith subseguent healing; Iz one animzl there was contimmous
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n guincea oigs, after teing infzcted. ara

crogress and eventuilly wenzes tne Zeath ol tte animals. Lo the ciher hand, ox-
sogure =f infected ariTelz i a nerwlozgs Zust lLika ealcite ot Toesum dces not

lead %o ary srogressica of the fnfection. Zuanea pigs fnfected wuih attemuatad

subercle bacilli fclicwing tre terminaticn of about two years' sxposiTe 3 asbastos

Zust did not develop rrogressive diseasa. The caly —~odification of the (=fection

. ! . P e . . . -y
wag fn its localizeiion, & few o3cilli telng retained in the [itrous termaral

“ronchioles and forming Subarcles ttere tnoadditizn &0 tte usval Doci Denesth tiwe

Inovlew of ~ne musual zmature ol the responas thy n=z2
croportisa of d2aths Imoo is L that delinite zonclu-

Y 4his dust 2n the course of tuberculeus infecticn zre

8L0N8 238 *“c

not [ustified.



‘C. Zffect of Suberculous infecticn sa the reaciloc 2o Izhaled dost,

Tmfantian amemlisatine cemantacdis csnamdicsad kg famAgeees Af thg

dust bto groduce fibrous tissua. This change cccusTad thelher or not the bacterial

lesion was in contact with the area of dust reacztion.

28, Inhalation Ixterizent with Short-fiter isbestca Tuss.

Since hazardous dusts liks quartz are most cilective in producing [ibrosis
vhen the particles are 3 microns ard less in sizz, an inhalation experizsnt was

carried on to deterzine whether this conditicn iz irzc also for zsbesics cust,

a8 thought Shat 57 u3ing a short-fiter z3testos <ust consisting 2lzmest antirely

[

na initiated and an advanced reaction otteinad in a ziors Yizz. The srevicus

inralation exveriment with Xing's floats astesios, wiiz: sontained
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==. %o } zicren or lzgs in lenzth as well as a srea

and whic zrocuced a nypicel peribronchiolar

sezved 23 a tasis =f zomrarison.

MmO Tl e 1T

28, The Zusti-z zaterial for tiois exroriment was lorwerdsd ooz otn LoD

plant of the Jobns-lManville Corporztion. -t was
collected ia dust bins aftar a carding cperaticon and scresnsd 3 pass 0 =es:z.
Since %he material as received contained many long Iibarc, it was ground iz a
steel %all =1l o reduce practically a.ll the prarticles 45 3 aicrons cor less in
3'ze, When used alope in a standars dusting mechine, thig finely—z—oizd zshest
tarded o pack ‘n the hopper and 1t became necessary to Iix gne voiuze of
material wilh trree voluzes ¢ ite

clowd, The afdition of the gmell guanzity of u

tecartse it ccnf™sed tne interpretlaticn of

reacticn that develcred wes cue to the long fibers

f fibers and particles smaller than 3 microns an accelorated itlissue response zight

a



data of thils experizent do not crove tng peint.

7. The cormosizioinl 2L the shari-fib2r zabestcs as recelvec i3 disclosed oy

the chomical and petregraphic analyses givenm L3 Table L. Saoples taken

1

before and after grinding ;7ielded about the came values on analysis, indicating

that there was nro

23. The dust

certarination from the nill or loss of water cintent.

concentration varied someshat during the cxperiment and light

field co

with tha i=pinger

wmts for atmosvheric samples collacted inside the ani=al cages

srparatus ranged from 83 millten to 182 millioa. The average of

coumts wag 130 million for the 2irst jear of the erparizemt, 134 =iliilcn for “ie

second year and 110 =1licn for 4he thixd vear.

at a zmagnification of 1ICOCK revealed a great rreponderance I fine ar-

. Reacztisn

learly 50 per czent of the narticlas seen vere soeller <rRan 2

Ln fzimala Lo Izmaled Sharm-Tiber Aanestes Tust, T Tmacia

g

of

f

this experizent.

Table 5, will te ¢

nirzils - suinea pizs, wrnile rawg, cats and rabbita - were lzed o

The resuits cf tne dust exposure, which are su—arrad in

cnsidersd more in detail telow.

igs. Zizhty gurizea zigs were originally placed in the dust roen

31. Juirea ?

Tut I1 :f Szem were later eliminmzted Stom She experinwmt
cl anisrmzex l7Trh zcdes. OFf the other §9 ani-als, L oremainen

or dred freo ometursit zebSes 2 U,

-~ TT e
Jor II momin 5
voe 18 Tezcticn. The tyre of tisaue reaction to the iZhal




short~Citer asbestos wee esscntia’lr the samg 23 “hat alresdy ctserved in the
oxperi=ant with Kdng'e Jleats asbestos. The rate of reaction also ¥as approxd-
"mately tha sare but the extert of invclverent with the shart-fiber dust was

very wich less ad after 15 %o 2L monihs of exposure only a very few s=all Izci
of reaction, which genorally requi-ed micrascopic sxaminatioﬁ for detaciion, wers
produbed in the guinea rigs.

Until exposures had comtinued for approximately ona year, there was littla
terdency for dust-contzining phagocytes to collact into clumps. By 1€ months
rhagzocytes bad begum to collect about the walls of a fex of the resgiratory Ton-
chioles with a 1little proliferation or infiltration of sorozuclear cells i3 these
walls, There were also some multinucleatsd cells bul they were alwsjs of tha
inert forelizn-body Lype. At 20 to 2L months the cellular clumps vweras sczatizes

1ite zarked ard 3coetinmes changes in the epithelim rssulted In the aienoma-llve
qut > B
or "edercmatoid™ atpearance previcusly descril in Section 17. Iz zost ol othe

Sow, nowever, Sidreous slemzats dozirated the ticiure. In the lalier tass, ine

22l agea was jalz in zolor arnd temusus with no nsavy swollen rsliic

in the mats descrmbed below, the alveolar wails zight Te =ade up oI i zand of

collagen surporting 2 layer of epitheliim, Sut with oo
the tracheotroachial lymph nodes the reaction we3 nere zroncunced .n this experi-

zent %han in the previous cre with Xirg's {loats asbestos, protaslr 2ccause of

[P)

r

%a transpertation of an excess of fine zarticles %o the nodes In ani-a’ls izhzlling

ahort~iter ashbegtcs. The -eaction was 2ssentlally an irCresss Lo oretiilm, matnss

28 sn2 orizonal cells Tetwean o2 it aensd
~laurizy without evilence 530 Tilzorims mi=ctiIn

wes rTresent it a



exposure ic dwt, vrogr

demonsirated but neither cculd it te absalutely disproved, owing

©ility of the response in Ziflspent animals.
20 momths two pigs were rezd as + and one o3
the findings vrere variabls:

3+; in 3 it was L+; and ir one

‘o @morins follawiaz

anizl it was 9.

Lho cessaticn of 20 zomths
ession of disease was not delinitely

o the varia-

Az uhe end of the dust exposwre of

2ong he ZL1 removed Srom dust

in 2 the resction w8 I3 in U it was +; i 3 it was

It is quite pocsible thai those

vith the most marked chanrmes had already cdevelopsd dore reaction than the remain-

der Ty the tice exposurs ceased.

dically and Sore no relationship Lo the

sure “he CAfferences were ebtirilated to teia

e - - -
frca tho crenfcal

This view received suppors

vealed comparable anounts of ash azd sill

2L S lea e
SLnCe T e

ra2 severe roacticns occurTed SpOrg—

length of tine alter cessation of expo-

tice ia individual susceptibility.

an

3 o

. - . -
rses (Table T,, wrich >iten re-

i -
~erant azounts

Tunss wEth widely &85

o2 tissue crange. rJor =xasole, ths ash ad sllice values were quite simzlar [ov
se animals ‘n cust 2C montha znd Lhen in normal alr 13-3/L mesinsg, et the tise
sie reaction Icr ore ani=al was u+; Jor oznciner, +: axd for the third, only f.

bl

i, Ashestosis Socaies.

-~ I3 Ld o A
209 JOTTTGULICD OO

vary rare ghort body could e rund, usuzllr

intracellular particles

thare were 7ellow <dep

asbegtosis body. Ixposurs of cne rear had sermitled an 2zoxmmlation

gposite

513 Sodies was at firgt ex-
cocothe’

cells, 4rowmd

naving ¢

MYerg about vhich the sshastoglis-TodT roaling Wost :f Yhesg mass
56411 short encugh Yo De partially or enturely eiiiin toagochin cells, 37 2

2T%h zmonth and




35. Thite Ravs. 3Seventy-three white rats were exposed L0 atzostheric sheri-
fimam ackestoz Zust £1T nartads v- fn 32 Danths, Sacwio

irst 10 Donths wera —ade Moonthly and for the -exalinder of

Yo

flzings durinz the

Lha experizent st less rzquead inmtervals.

36, 2Rate and Tyve of 2eaction. The dust cells uztil 3 =zonths were widely

scattered ard ewxisted in foci only sporadi-
cally. Reaction w3 lirmited to occasional slight thiclienings of the septa abcut
smell zecummlsticas of 2ust cells. In e few rats abv 10 months, there was 3 sui-
feszion of early fitrosia but the charge was go slizht thal Lt would probably 2e
cverlooked without the clump of dust cells vo atiract atzenidon o tha arza.

{oly 10 ani=osis wers exposed from 12 to 32 months., In 2ach of thez the lurss

zly

aowed tmute zatches of well-defined fibrosis cdistributed like %nzt 37 sstestzais

ta

Suy without astestsosis bodies. The lesions, visibla only at a zagnmifi

12 dizzeters or zore, consicted of zatches along alweolar ducts in wmich “he m=lls

:f she air staces were very ilhck, due o swollen collazen {raneverk.  Jowectiva

and Tooi-3ilelscncwsid silver creparations revealed complete loss of

lams ted locally. Tuibgide the csollagen was a tnin lager of enithelial ells,
Taig iid nobt resexbls the Tadenomateid” changs charactaristic of riinza iz ae-

z23%03is. !¢ rleurisy was mresent. lear the lesicns the air spaces wers [illad

with phageocytes containing sray to rellow particulzte dust and & r=re long rzked

- - PR

as>es3208 Siber. Clareful search failad Lo reveal even a auggestiicn of an astesii-

313 Sedy. <n8@ LTECRESCroncnial nxcez snowed COmpEltt ISTal STLLeItiins I Zini-

3

nd chert the reaction fo short-fiber asbegioss was

neglizitle.




—~.

Rasul’s of cliezical anaiyses mace zn the ®iite rals ar siven in Tatle 2 oanl
the avarage valucs have been tabulated in Takle 9 for comparison with simlar
values for rats inhaling other dusts. The concanyration 2f atcespzeric particles
%o wick the animals were exposaed was aprrsim-atsly Lh2 saze for zstesses nd
Teartz; for the zypsun—quartz mixture, it was abcut twice ss A'r:'.gi-*. ané I2r cher.
five tizes 23 high. I{ will be noted that lhe percenteges for csbesuas are lorer
than thogse for quartz or chart btut are similar to those for the g T.3um-quartz

s

mixture, in which airospheric agglutination tended to reduce toe =meimi of duss

inhalsd. It zight se inferred that flhe total guantity of asbestos cusi innaled

1

1ow o thatl it had been eliminated from or dissolved within wne lLunzs.

A

;

rresent state of o knowledze evaltuation of these hypothessa ig nst fogsitla,

o
T
[

370 lats. Twenty cats were tsad In this inhnlation =xperisent witn tha
short={iter asbes<os. ZIZizhteen Were ¥ept in the Zust rooz il
Jdeath, =ho x=ooesure period renging froz oone zonth o nearls LWl 2 rears, and e,
after 3 2ust expesure af 31-1,2 monins, were removed o nirmal air, Tme 37 thei:

*1. Zate ard Tyze of 2eactisn. The rezctlcl Wwas asgentlallr tna. S0 An Lhar
e - orS - cmam 1 mpma A Y mmee e
Zusgt, even after =ore than L mears oI erTi-
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e
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The tlssue response in this specles was ccnfined ito cicr

:

frrosfs in

Srenchiolar




iltration about szali

XMiresi3 in the subpleured zome plusg haeery Lmohocrmlic

Ssonchicles.

uC. Jsbeatssis

11 trelons 5 faw rellsw slipical estesiosis

bodigs, smcotnr and withcut haustratiors, were found
3

in two arimals exzosed for zore than 2 year.

Ll. Rabbits. Eight rabbite were exposcd 4o dust for periods axtecding from

O
3
]

o aera then five rears. The Jast animal wag ~eacved

frem the dust mocm and left in mormal air 4 oentus before teing sacrificed.

Lacted Tossir and there was zo chronic
adhegive pleurisy. lLcrmoscopic evidence of zlveslar wall thickening was [irst
Zetacted afier arout 3 72ars ol ecposvTe anc T25 32en in 2ll five anizals ewsmined

tnereater. In cne anizel skat disd of zaralvsiz aler nearly Tour i2ars o ex-

~oFe the reastisn wos abenziTe

%issua secticns. Tng fos3it

e axc.fed, However, o
w3 gcot neartly a3 covious Or as advanced. areas of involrezent, which were

largely visualized Decause of phagocytic reactioct within she air s;-;ce:s, tended
=iecroscopically to becore core fitrous with tlie tassage of time but there was

ceTar —uch eacroachoent ucon tne Limen il airn stece3 and Lhe architecturs of ths

ing was trasecved.

~.. Astesizeilz Zzlieos.  astasizs toalss ware not letected Lo rzttisg that
“ied 2577 Lo the =moeriTant DUt were seen 1n o all
an‘~als trat hod Teen emmozed Lo the cust Jor ormore than Yhusee veare,



o

L. Swmerv and Intercratsation,

The original purpose of the exterizent was te craluste the chemical
theory of the pathogenesis of asbestosis. Tt was felt thet if the tissue reac-
ticm 30 asvestos were chemical In origin aa zccelersied or accentuated Tesponse
would result {rom exposure o fineiy-divided asbssios, =8 is the case 7ith quarts.
This experiment, in which the reacticn ~as slower and less extensive than with
King's floats, indicates that the reaciloa vrobatly is not primarily chemical in
nature.

Of the Tour spacies exposed in this axperizent oniy the guinea piz acd

rat reacted with characteristic ceribrenchisiar fibresis., The calb reziied with

at7pical sub-plemral Zibrosis and in the vakoilt the Sidrosis which soowred could
he Zust Lezaunse oI 2 sirce

not be positively atiributed to

of mwi—orars infection.

L3, ITmmelztion Ixperizent with LOC Per Cent Zall-Mi1lad Ashestos Cuss.
In whe ixal:alicn experz—eny wiih short-liler asbecghies 4ot 3 small santisy
:f imgroerd z3testos was Tred wolh ground z=terial Inocrder Lo oIz o Juitasls

Zust cliud.  Then evidence of a <ust reacilion agpeared in othe Tiinea £izs during

“he exrermcent, it was not clear wheiher “his

B

& tissue respense o2 wne small
nzber of long fibers in the u=ground asbestcs or was a delayed effact I ihe zcre
abundant fire dust. Consequently, another inhalation experizent was startad in

which no umground zaterial was used.




not antirel; gsatisfactory zod after 7 nzaths of opnraticon,

RIS recspTerter o LWs Srigingl cesim. T

gchamles cf asvestos, steel wire brushes —ere sttachad 2o

Cibrous portion from fleatirg out cof the noprer, Lhe clizporszal of

sice esurface cf the hopper and to the rotating waddls. T'ws amrangersznt gave

satisfectory resulic ard wss used for the reiaining £l months of tha exoerinent.

Lo ~v m—— s e ~ e —— - LN S e et ~ -l .-
27, The coozoeicicrn ol fhe oo matericl (suasrtelitar osDIsuic S

rreric dvat liberated froa the ball=illed product in the ussic

[ERR ORI

—2chire. Trevisus Yo thisg, the chrrscuile cormtent of the air-3usrended

I rooort, 1S Ta3 st2ted that the sfir-berme Zust containad zoeoot Touar

c-rrsotile

nese values were rrotakly low.,  iantitative sstizales otoTellom Tl

oF

ist zay; De govmewhat inaccurate beczuse iU 1 dAilficuit o delsruns o

3!
t

%3
)
(3%

<r

ust sample 1s fitrous chrysotile and how —uch 1s non-Iitrcus

zn

8., The Zust ccnecensratioa Izr the first T zenins of the experioess

Srusnes were usad aod Up o 9 oer ocent ohet—aozo, oo

S

chout 100 = licp particles par cublic loct of air, :Iler wine wirs
Trusnes tad Deen installed, 1Le IUIT couTTs Ter2 2 ittls nnImes ann o tvars
gvarage far £ zitlizn, The everzge oI Itiziz forotho Cecor




PN

srgiments of atmagstheric dust collected

Ll LSl [l

wiir “he elactrvedatic apmaralus ig reported

in Tetle 1. Tmo gazmDliss TOre niind, ond seforwe the ime bruchers Trre instelled

and orns afuar. !t oZiao the Witz brushss were 1D uze a
zater wrapsrtion of ver:m Jine pirilelos and 2lz0 of lemze~ fibers was Teleased

-
=G, ie
Yl e mm = mzme Al
=2 wlgE. oitc eal
the 120 ter czznt Seil-millad asce~ios duwst.,  Tha resulis e sucssI—2ed n




Srezresgion.  The lupgs of cnimele wpescd for she full dusting period

\va3
LWV ]
a

(28 montha) and then lTving ip rermzl a2ir for 2 oonthe
revaaled the chinges descrilted above and also very 3lisht peribrenchiolar fihpro-
sis. Aftar O months in normzl air the fivdinge wore siziler out 5% 12 =—spihs 3
of |, ani=3ls showed g—casly-visible characteristis peribronchiolar Jibrosis with

adenomatoid charge.

Sk, Lyoh feds Imgolvezent. Tha Grochesbronchizl rades wece esimbizllsr

asgative u il wxpoeira 2zl Tesn conilnueld
for more *nan a year ond a half, Arnimels sacridced 2t 12 months sn2 15 months
revealad a U'sw mirmte ccllections of thagocytes containi=g particlss but prac-
tically w9 I.kers large enough %o bte recognized as such. “fter 20 zozthsg of
aposm 2 zany zonocyies filled with yellow granules wers zresemt., AL 37 ~cnihs
thare hagd teen 2 slight increase in rsticulwm bet no ibrosis. Yo firtRer zharczes

>cooTed iz ihe nedes. sbestesis Sodles were not s2en ia She nodes ol anr of

A2 N

S. Azbestcsis Fedies. Mi-mie ashestcsis todiss veme observed i3 :arly as

3 months aMer zposce began, Tubt Yaer 31 oot be-
come mimerous umtil 15 oonths had elapsed. The todies wers short ard tracsically
all were intracellular, although at 20 months scTe were. long eLow;: o mroject

terond ke cell bLerders.

4 i3 izportant Lo
Tioch inasase Ln o Lhe DD

iq

-t . P - s= ~ ommwa s N2 AR Pl tel
g it alter expogire cazged cnirastarisilic long asbestos

3
%
)}
[
w
@
+l
¥
"
[¢]
\
o
m
13
.

58. Fhite 2513 ond 'dce. In this epariment ul ratg wEre exposed for verisls

ug to 20 mzoths end 2l ndce for periods up 4o 12




7 wiae 3Ltk zZemth, 1% had Czroed cub izis

=ather searply localized and the extensicrns from cilisrent traonchioles showed

no tendency to fusa, even in zaizals exposed for the nnmi=m cerizd (3 7ears..

imvolrement of that Serorine. o emphysera was vistlis zu any point. Ioze

v

thisk=ning of the larzer broncnd vith a chrocic infiwsterr fefflirziien was re-

7Tealed, but 1t probably was to zore than voula be gedueed T e gimilzr expocwure

te aoy dust, TFor the first I menths the phevccyten cormsicted -f sonietss or
very small giant cells; luter, ziant cell formanica 7is =srs 2%z

5-

~

15 =omths the ziant cells were large, filled with 7ellowish-irenn ;

sametimes vacuclated. a3 occasional anizal st

ruaclear leutiscyes and, In guiinea pigs exgcosed foroa cousliorailc zoried,

eosinzpniles. The reaction was al fisst entirely sciluola- il Ty Iz

. - . .
: - s -~ s e cmmg -~
LU Never 2T(A Nel 2 ZlATe i
. oz Cmieem Zaim T remmiam i amamsemmpd femam e = ciemmoma - e
L OOCERrate LT L. TEILIULII T2 nl w2 TEEZ X . ZL.S. oo

was —ich greater in these guinea pigs thar in those exoosad %o eiihsr shoii-Siter

cr tall-mililed asbestes, the aoount of mireral maitiaor I the linmg Lcc.
C. fregTessisn. nouinea tizs exweozed Lo the dwst for 2T zZontns ani ooz

removed T3 mormol
Tellolzr LonllAarmatorT TesfT ot 1D TlgaET. o
27 tte fiorous RLissue, rezuilied Inoa dimsnishizg 3t2e o Uhe Jizil = .
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SURLS. LBLLOZT FTICLTZ TEA TTed 2 JUuSTosStion Ci

zas Yxitad te <hagocrtosis of inkaled particles gy wizely-scatierad dust cells

iaich remained fyres im 24r spsces or were Uransnorted to the trachizobronchial

. 5 ol Y : ———— -~ O R I N L - ~mym
Iomch nedes. I 2shestocis edlies TTrs the rabs Gul Iz e =icz onors

In 21 nouse lungs sectioned there were 3 inatancas of palronery adenoma (1h%),

57. Sumoary oand Intertretstion.

Toe Sizsue rzactions observad in Lhis experizeoon wsre swch 1o5s zxuznciTe
and slcwer in davelormont suan in tha previous investigation with shorm—Cibar

askastes. Since prasumably there vere fersr Iidvers longsr than 3 werons Lo uhs

materisl uzed in this experiment, the resulis temd he conlizm the imeiToouazica

=ade ‘n Secticr ih ¢f the short—{iter zczerizent that the

experi—ent, Reowaver, since tnly “he carllest stage of reacticn waz ~resent i Lhe




B, Izkalcotion Dvparizent with Long-fiber isbastos Dust.

ftar anizals ichaling short—fiber asbestos dust for mcre than & Fear nad
failed to develep significent reactica, tha hypothesis that astestosis is pro-

ers a3 giTen eided sSugTort.

duced by the mZecnanical irritgiicn of long £
Sirgce the Xing's [loats zsbestos used in the Sirst inhalation experizernt had

a rather low cectent of fibrous ciuvractilz and contained considerable serpenti-e
and other impurities, it was decided %o ccnduct a new inhalation experizment with

a puarer form oi chrysotile which would te richer in long f{ibers.

$5. The dusting material exzloyed in this investigation was shbizized frcm

the Manville plamt of the Johns—¥anville Corporaticz. Sazmples of se—
varal varieties of zcbestos dust were firgt aubritted to the 3ararnsc .aroratess
for examination and cne :Znd, identified 28 Lot D, which was low in m=zmetite

acd chromite and had a Jibrous content sstimated to be about TS5 ger cenz, was

salected as zost sultable, Iileel wire trushes were aswanaed S0 ine Imside so—

indicated Ty the chesicel and pevrograptic analyses given (o
It sopears that this zaterial was a much purer Jorm of asbestos tzan the short~
Li%er dust uzed in other experizents. This is borme out by cocparizs the apooox-

imate analyses cf the leng~Uiber and shero-Iiber 1dust o

2l. The dust concezntTatiscn as reveated Ty imringer zastlss takan lnsiie the
arizal cages »=3 ~uzn liwer than the coacentration for the smmeriments

with snort-rizer or tall-1illed dust., For othe Jirct rear ol Lhe exTerizant wotn

lorg-fiter astestos the zvarzse of the izht {isld counts was 32 nillion; for



the secend 7eer, L oilliosnm: for the thiwd asr, 35 zilliasng and for the fozurtin
7ear, L3 cillion. Zxascraticn of the Impinger sacples with dark field illumin-
Liclzz less then cce Ticrom in site accosgpanied

the larger particles and daric fiz’d ccunts w=re, 23 W6 average, aboub 5 er

~

tizes larzer than the light Meld councts.

€2, Tha size-frequency of atoosgheric samles of the long~fiber asbestos
dust 2nd of the tall-milled dust is shewn in TaSle 16, Both samples

b2 noted “hzat there

were collected with thne slecircstalic ur

43, Reaction in 2ni-als to Innaled ZonsTiber .sbesgios Dusi. Suinea pigs,

cats, rets and mice ware eTnlorysd In Lhe inhalslion experizent with

long—Ciber astestcs. Rasulis of the siperizext, zuzmrizsd in Taple 17, are
descrited o greater detail Telow.
. Juizea Pizs. The oxperizent ¥a3 3tartned wish 100 suinea pigs.  Alien
aZxocsure wad Teen carTizd I S o3 year, & Tevare svidacic

>f ~rewonia arcse in the duss

wera Zlled. To replace thes,

goup in the cdust rocn.

aemainatlon revealed Tssly

v=gitle lesizps iz the lungs after > =zn.hsg
of exmesure %o dusy, cormsisting of ca2llulers infiliraticn aboui the termoinal

-




of these anirals, '=3Sed ot sericus periods op to 1h nonths afler avrosure,
rcvealed lesicons as larp? &s those ia the gooup zacrificed at the end of the

20-month exposure period or those in animals vhich ssmained in the dust room

LR e .- - . . B R R Lo Lerr ey Mmoo S . el

in four of the six remminang ciinea pigs were so szdail thal they were visibla
only 7itii 2 h2rd lans.
Reactioa iz the zroup epocad for 27 nmonths and then transferred toa nomal

atzosphere was quite sizdlar to the respenze in the 20—onth exposure acizals

zmnticned toove. However. sell foci were zlweys
secticns o7 all jwmen pizs 9f tho 27-conmth serizs but in no instance was there

evidence 2] zTtension of <he raaction.

£7. Lv=h Jod2 Involivanant. Iesctisa in the Lrachecbroachial _y=rh nodes

;

firss +isitls at the third zonth 28 ox-

. =% ke I zooba natcnes of cellulas conmective Sissue tegan to atpear

ctelluler comrective tisste. iz sicture, whish resazdled that inoc2arly silizcsis,
—zr3lsted ic ihe end =f the oxperizent. 3Scze znizals, as a variani, shcowed heavy
T - e

ineet3 2f Ziifuse zomocytas and largs active Jiaot c=2llg tul therse was nevsr any

The 3pindle-shared new cells were yellowish in
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color frem firme pigment gramales that stained for iron. Yo fibers cor asbestosis

zoclss ware 52€n.
2. vare S€el as Sar.y as Ine

an, they were racz and nad

“o iz, ‘rsiie giant cells, amc av

fr

~7e -“is3ue. They tecize Tairly

ag sxmosure mroTressed alilicizhi in some latar animals the asbestosis todiassg wers




i, 2%, 33 and L2

sacrificed. Two cther cats, after

eing

a zorsal atmosphere for an adiivionzi Ch o mentus.

70. Txpesure for LU montns was suf

XS
~izaen

Tour cats ichaled the long-fiter astestos dust for ceriods of
zenths, ressectively, anc were i—cediately

exvosed to dust for 18 ooncths, lived in

-

2>

-
-

produce cellular accurmlations of phagocytes

around terminal bronchioles and peripheral arterioles together with compact col-

lections ¢f similar cells :in ~he triacheobronchial lywmph nodes.

vCSis

were no tvpizal ast

the formation of cellulzr connectire tissue vhich

neaths about the restirabory tronchioles ard arle-loles,

w

wroncnhiolar wallg,

gmooth contouwr. v

he tubes a

I3
H
§oe
1
3
“
H
)
7]
5
o

%nat in the suinea tigs, bubt Jibrosis was Tuch sicwer in Zeveloctment and had 2ot
reached the same degree i zaturisy,
(1. X=tay Lhanges. FRoentgenogram3 of threa cats vere tade afler ér;csu‘:e
periods of 25, 32 and l2 ocnths, St tissue changes wera
~t derse ansugh Yo e ssen on an K-ray Iim.
T2, Ratg., Although 22 r2is vere rlaced In the dust ~oln, rany iled oD ormeu
zeria and were nst suiiadble for study. TiTe smnzals, ol whaco o
725 expesed far 17 monins and Jaus Jor 25 zonstis, were o2 Iren guioczary nfec-
ticn and offer a besis for cenclusicns.

Teacticn w23 sizmitar i

AT that <tine

~arked ly=zncid

Tae Tronchiolar or

bedies, bui cmooth poinfed ;ellow fiters ware seen Tery
centinued expesure, up to L2 months, reaction in the lzcations noted

meie well—defized

jeva=any

$bm
-~

123l zs-teszo-

srere w25 an ocgasicnal rellswy, =3oth,



73 Zate and Ttrme of Rezction. 211 four animals sacrificed &t 2% zentias

showed a well-rarked peribronchiolar ritrosis.

In the 1%-month animal, -ssction was just beginning. Asbestosis bodies wers

B

mractizaily absent a%t Lot 19 ard 29 =amihs albtheugh two £zall gmooth todiazs wane
. . Ny g e
found in the 19-wenth animsl after a long seerch. Thus, these animals axhitited

fibrosis #ithcut asbestosis bodies.

4. Yice. Cut of 20 white mice used in this experizent, 11 lived a yesr cr
xcre in dust and died or were illad without showing an arpre-

vulnonary infeetion.

7S. Pate and Troe :f Reactizn., Rzaction was limited to rhagocytosis oy

zmonozuclear cells., Usually “hese rere wide-
1y scattersed through the air spaces; & limited nurber were grouped zbcut the

= -~al Trencnisles greducing soze “hickening of their walls,

zestion of Titrosis, The striking feature of the experizant

Dodles.
‘Rmeroua asbestosis Sodies wore observed In and-mals killed late in the experi-
=ent. Thus, these anizals exhitited asbestosis bedies without Sivroesis.

75. Su—marr and Intartretatico.

Tme pumoes2 of ihis exgerizent was Lo evaluate the




fn cass alithough in 3 jreviors experiment with short-fiker dust it did ot
davelop ia this srpecies.

The cause of the cellriar fibrasis in the lymph nodes of the guinea pigs

1s noU ciedr. IV Zl0 nL. o cdmuwr o slnes 1onsiailon &serisonts VLIn aSC8SLES.

IXXVII, INJECTION EXPERIMENTS

In order to determine %o rvhal erlent the various Zbrous zinerals possess
‘e tapacity Lo produce tissue damzge, mumerous injection experi-ants wers per—
formed. In Lhese experizents guinea tigs and rabbits were used and the —ireral
dust was injected by the fntratracheal, intraperitoneal and i{niravencus %ech-

riques. Tor the purpese of simmifflcaticon the [indings in each zeries of <ests

nwave bean condernged and rerorted in tables, to which relerence will Ze zice

later.,

Since ‘he esbestos mnerals do nct cause a -rpical adwancad Jiimmili n

¢y

1y

ex>ra-puloonoary tissue, the i-iratrachteal technigue 1s the cerflarred way 5
troducing fibrous dust into the experizental animal. In thils zethod the dust
suspension L3 injected by nmeans of a special needle or cathaeber deep ‘nto he

trachea, from which it flows into the lunzs.

79. Zorvarigom of Pilbrovs and Fon-Fitrous Tusts. To demcnstrete tzat the

fTxduce fibrosis regides in o3 SIrous cnaracter, the seriss o7 incscuisn axperi-

zents repcrted fn Tabls 15 were forioroed.  The tests were cade wiin Lmnedta

long~iiber chrysotile and 'riih chuysciile that had teen ignited Lo cdestiroy 1S



Dexdhle stoucnuoe or toliew

legs, ab the same olzz lorsr

same chemical composition z3 cimTotlle -

4}

Fibera subjected to Inizicin o

%o causs 3erious tissue dzznge.

sotila fibers, zmeng them teing leosz <8 waler, an zliteration rren a [lzzible to

2 brittle structure and =oesibly other changa:.

(C;

10, fezparison of Tar

the experiments included i: Tabl

tested, with the excerticn of anthcr

not eatirely clear wmy anttophylll

. - T & 1 =g - T B « — < s < T - - Sa e - -
mirerzis. Flortimately, T oof R animzls zizd o tnowmonie withon the Tirst o tws
aeevs of tho exrveritent ane the remaining aninzals were cac~ilio~l ot L, o azmfd 2

Donthe; hUS ticervaitions vere non ol &L Lac ohviTim perioas oI D oZnZ o ozzntuas,

th the zineral Trucita, which 1s 0% 3 s1liate I L8 i Iorous

(9
&
O
B
i

J:ra of magmesiim nydroxide, a cnoracteristoc CL

Ti- - Tt T - B

zirerals vas cotained. J3ince Lte Srucity used corzained only C.7C ter cezu o silica

(as an impurity), it is sbrious that a silicecus cooponent i3 =t an eszenticl

factor in the <develowment of zcteztosis.

shore lengihs, 13 Jiirlr ¥lz an aztosioc Jiter oI e Tize lizster L33
turdle of eAxtrezely line Iilzmenis vnich iZrart Lo the IiIer o3 oo I Ilaxe

Tt sould seem thau this sirvvciurs ard the assoclzlted Tlaibilisy are



tzportamt factors governing the capacity of a3 mineral o produce peribronchiolar

fibrosis.

81. Commarison of long-Fiber and Short-fiber Dusts. With guartz Just it hes

baan dexmonsirated that
the szaller the particlss, the Zore intense is the tissue reaction, and that there
ig little reaction to particles lerger than 3 :ﬁcmns in diameter. In the case
of asbestos, however, the reverse is true arnd spparently only long ribex:s have
amy specific effect. Tnis i3 confirmed by the data of Tablé 21, in which a serles
of tests with [ilrous =minerals I3 reported. Then the injected dust csraisted cf
fibers 20 to 50 microns long, all the ninerals tested (except anthephyllite, as
acted in Section 80) produced a fibrosis; whem the material was repared =y first
grindirz the fibrous dust uzntil tha langth of flters was reduced to 27 =zrers and
lags (ar, in sooe cases, 3 miceona and less), none of the injected =ima—al <usts

zzused fibrosis.

32, Zxoarirents Tsing Intravenous Technigue.

The excerizesta, Jdescribed I1n Table 22, in which the irtravenous methed 24
‘ecticl was employed, show that ine asbestos —inerals are Jar Lfferect Irom
eartz {n their action on tissue. It has bSeen repeatedly demonstrated i intra-

verocus injection of quartz particles 3 microns and legs in diarmeter will causze a

tyzdical tissue reaction wiih the developrent of [ibresis in extrapulocnasy sites,
such a3 the llver and spleen. 4stesios m=rerals, owever, on imtravarcus ‘alsction

Junerally oeduce Soly an f-ert type of reactliom, ag i3 revealad Ty tne resulls
?i7ea in %ne teble. The reassn for the early deaths in 4he experizemt with thuTso~
“ileg carwicles i3 not clear; it =ay have been caused Sy zilicic acid literated Ty

the firely—ground xzireral.



3. Dxreriments Using Intraperitcpeal Technigue.

The results of injection experiments with the intraperitoneal technique are
g:.'.ven in Table 23. It will be noted that the long-fiber dusts rocuced a fiurous
reaction while dusts composed of particles 3 microns and Lssg in size caused only
an inert type of rasponse. These experizents indicste also that the fibrosis
initiated by the irritation of asbestos fibers is not resiricted to the lungs,

as was formarly assumed, but can bs produced in the peritoneun es well.

LXXXIV. OTHER EXPERIMENTS #ITH ASEESTOS MIMERALS

A muober of additional experiments wara comducted to throw zore light on

spacific thases of the asvestosis troblem.

35. Protective Actiom of Alumfrmm Compeunds.

Intratrscheal inlfecticon ¢f a Fuspensicn of leong-Jber crrmgotile to whica
=31 0%4a3] al—imm ydraxids had Seen added revealed that the additiszn 52 %ha
oo sopound 414 =st —revernt the tisgte Lrritatlcn moduead Ty iTysctila,
22 anyhning, thae acctte Infawmtcry raespenge o the foject fitrons ~i~aral
was accelerated. One ooath after the last injection of the dust suspension the

brenchiolitis was becaming fidbrouws.

36, Pormation of Asbestoels 3Bodias,

The ifron in the coatling of ‘he asvestosis bedy appears to te derived Son
2locd o+ Sisgne elewents and ~ot, 3s has teen 3uggesied, Irom tha —reral flter,
osllowing subcutaneous inlactisn of two nde of chrysotile fnze Yhe sToin of
sufinea tiza - ope Znd containing 2 per cent and the other C.2 per cent Teplr-

.

the asbegtosis bodiss ware equally numerous ab both 3ltes of izjectilon.



4

an atterpt to produce asbestosis bodies in guiney pigs by implantstion of

trrea 8ilk bags comtaining fibrous chrysotile was ccessful. Cnoe bag planted

e, . .
sibcutaneotsly in the abdominal wall disappeared; the other two bags, placed in
the peritoneal cavity, produced & little foreign tody reaction but zo asbestosis
bodies in a year.

Intratracheal injection into guinea pigs of esbestosis bodies recovered from
hman lmg tissus failed to mrocduce the typical tissus reaction to asbestos
Zhers, The injected material was obtained by digesting with SM’EL_}L
salution lumg tissue removed at autorsy from an asbestos worker. The astestosis

—T
hodies could be seen in the guinsa pigs for at least a year after injection.
This experizent shows that the asbestosis body has a rather resistant coating
which is pnot destroyed by moderate hypechlorite treatlment and may Ye =aintaired

‘a vive for a year or longer.

LR IE,  THZCRT OF TPRITANT ACTION 2P ASFESTOS MNEPALS
~

%wo =ypotheses have teen provosed to explain the tisswe Lrritation azd msac-

<l2n cazsed by asbestos fiters: the chemical ard the mechapical, In the cnexical
e .

““eory, which is based upon experience with quarts, it is assumed that the as=—

Segtog dTinarals dissgolve In the body Lulds and that in this rrocess thair besss
M

are lsactaed away t0 lsave 3ilica {n a fora capable of irtitating tissves. dccord-

‘rz %o this hyrothesis, asbestosis wocuid te Derely an indirect silicosis., Zoveral /
——

?2z+8 zarm the chemical ‘teory 'mtematler (1) {ntratracteal ‘nfecuisms of tra-

|

sila fibere, which had a silica cocmtent of only Q.50 per cent, caused a <ypical
I

2ivrssis like “hat roduced b7 “he ashestos Tinsrals; (2) free~silica patticles
‘{ncrease ‘n potency as the particle size becomes less, but asbestos [ivers

o~

shorter than about 10 %2 20 =icosms ==z molziivel: lamocioncy (3) pgepion]

-A



- hydroxide reviralizes the irritcling effect of cuartz dui net of astecics:

L sé.—;e:xt:'.m hee the sane chemical composition zs long-[iber chrpmsotila dut

it does oot rroduce the szme iind of tissue reaction; (F) there s z wide ranse

in Zne chemizal cotpositicn <7 the zinerals wnicn Jo cause asbesiosis (see

Table 24). In ne'lr of this evidence it sees more lilely that asbestcosis os

caused ©y an unusuval mechamical irritaticn froam long asbestos {ibers. Frobably

tals irritation is related to the peculiar filarented structure of the fider and g8
-~

)
the associated {lexdbility, which are possessed by no othar foreign bedy. Fer “
— ettt e e e .

azanrle, I1znitica of charysotile lihers chargad their structurs and Tade Lrenm
<

inert while the szme fibers, befzre baing heated, would produce fitrssis (see

able 1%). Turther support for ‘he theory of mecnanical irritatisn is thas

3steszesis acsurs in an orgzn of 'zh mopiiity - the Lung - and that a Jitrow

rezcticn can Ye rzroduced by Injeciicn of asbestos lbars into ihe peritonaun,
there there I3 2ls¢ 2 degree of =sbility, Tut not iIn cther exirarii=cnzcsy s-omns.
ITETTII. KWmLIZATIODSG
T2 exgerizertal izweostigaticm wiih astealls moerzli wes oroegmmad STooarily

Tita the effzsct of the Qust on znermal tissue Ut scoa attenitioan wes Ziven to

Jtter phases, such as susceptibility to lzfection ard cceurTence of zaligzmancr.

e d



0. Susceptibility to Tubarculous Infection. The developrant of a tuber-

culous process initiated at
the beginning of exposure to asbesios dust, and also of an infection superimposed
wpon an established asbestosis, mas dezcribed 1o Sectiorns 1% and 20 of this re—
port. It will be noted that asbestos, when classified sccordirg to the effact
of a dust on tuberculous infection, mould be placsd below an active dust liks
quartz but above inert cdusts, 3uch as caleite and gypsum. In animals infected
with attemuated tubercle bzeilll, quertz will cause the infectious process to
rrogrezs until the animal dies of ‘uberculosis. Izmert dusts will have no effect
cn the irfection and the Zesions will tsually heal and the disease disappear.
Achestos dust is in a different category. Tren the fitrous dust was bsing in-
haled duripg the evolution of the infection, there was a spreading of the “uber—
culsus process [or a tize but wswally the stimulng for comtimued proiiferation cof
vhe tubercle tacilli was not sustained, the progressicn »as arrested and healirng
f{ollowad. In guirea pigs infected wilh attepuated tubercls Taciili follcowizg “he
complation of nearly three years of erpeosure 0 asbestos dust, ;rogressive disease
4{d not develop. The only dodificaticnm sf the izfectlca was cme :f iocalisaticsn,
¢ Zew bacill! teing retained in the fltrous terminal brozeioles and Sorin
tubarcles there in addition to the usual focd beneath tha plesra. Such “uberclss
tealad In a fgw zonths and there was nothirg Lo suzzest axy “afluence on.tb.e

courss of the disease,

F1. Susgceotibiliis to Non=-Tuberculcus Infecticn. There w3s no —ointad ex-
J :

Terirent Icncernitg
effect of Izhaled asbtestos dust oa non=tuTerculzus infaciicn., Infeccurrent mren-
onia axceg anfoals exposed O asbestos Iust wes rather oo, the Irequency in

guinea ;igs exposed in the four Inhalation experizents ranging from 16 to 35 per



ce:;x‘c. Thig inmcicentzl evidance suggesis the £ossibility of an olfz2ct of astestos
dust on nop~tuderculcus irnfection. Hevertheless, since such epidemics are rnot
tnhecTmon in inhalaticn experireots with other dusts and even in the colery of
ormal ani=als, it ic felt that the inhalation of zctegtos dust deed not exert a

signfifcant effect on the susceptibilily to noo-tuberculous puloonary infection.

Jo specific experimeml was conducted to determine wha'her the inhalsation of
asbestos Javors bthe cavelopment of reoplastic disease tuw ceriain obgervatizns on
this subject vere recorded in the cutline of the provosed =cnocraph 3n asbestosis
sut—iitad by the late Dr. L. 0. Cardner in February 1SL3. In :u %2 25ilzd attan-
~ion %0 the high inciderce of lung cancer among dc2 inhaling
7S qis experioertal notes, however, he referred to ‘hese lesisrs .3 zdenczmas,
Tnere is an ixvortant distinction tetween adenoms and cancer "mich shouald e
zidg clsar. A cancer is a tizmor, or neociasz, =anatle of local Incaziznoand de-

. oz - . s I o e v
suructizz of Yissue, whizsh can distribate cells shrough the Lyothat.oz oo -lzsd

sireaz %o troduce isolatad foci, {roxm which rew
T dizserdination is imcwn zs metastasis and sy Uomor which axmStits Ltoi3 a
zaiizrant growth, of which caccer i3 cce ‘yre. A 3denoma, cao ne o “=r nand, 13
a sowcallsd benign or nov-calignant tumor (zeoplasm) which mey or = not o9
capable of local invasion but which does 2ot =metaatasize.
Zn ordar to clariiy the exact nature of these lasicrna

13l is =eing carefully exzmined. Since it is fell lesirshle %o ns- tha tenelis

28 Zzizctor Tormaldts fadsmeTn, s omeiew o fhe crla in o fnde min e B A
—— PO | - L R R S -——- Tyew Tl - am Aa e e - -
tened "=til after nis retTom Iroa Durope, Zather tozan delar the o 2> ripoT.

Dartter discussion will be reserved for a gupplement (o Te iizued 1z,



Jring Yo th2 vast omomtt of data imclufed inothis veport It seexs oost

convenient to state the ownclusiong derized I-oz the imvestization azd, vwhen

reczz3ary, Jollow e2ti nt vk e orisl resuns of the evidence.
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o wwo differert '“nis o] asdeztos mdneral.

- .~ - S - - - - £ - + Y 3 -~ - 3
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ckfaimzd ‘e Iztiz 12), althoush Iz lranm Logpern nnen ol
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smacnezl nizectlion gr—erimznt Tilh fire cribosizg cust oon-

taining ne lonmy fiters lzilad to produce
{sece Tablr 21j.
. Inizlaticn of esbegtos dqugt aprarectly does neot zltsr significantiy Loz

comrsa of erverimental tuberculosis in jzinza pigs.

This conclusicn is tertative since the svidancsy on whiczh It

ig tas2d does aob conform with cur usuval experience. Joler—
erce %o Table 3 mill sicw that vhen infection was colzcif—z

—ith onse: of 2usl exposure there was teTrorary proTasciin ol

Lt

he diseaze with sibsequeat healing; when Lnifeciien a3

inftizted after 25 /L zorths of cdust AXTCSUre The cIurTe I e
suber-lous diszase wes not erctrecianiy altsrad.,  n osoniross, il

fher? TES 1D 4TrITCI_32l2 olreds? Ln tagceniiSilitT Lot
tucaveulony mlecilion “>rgTer, since e JindizZgs I uns
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