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Bridgeport, Conn,
Noverber 10, 193¢

¥r. Fo He Echluter, President,
Thernold Rubuere Co.,
TiuntOﬂ, e Ja

Hy ceur Mr. uchlutcr.

The writer end Ml. Vincdiver Brown, of Johns-Munville,
haC & confurcnce with Ur, Leroy Gardner, of Saranusc,: New Y)r», aneé
Dr. Lunza and Dr. ldcCommoll, of the Metropolitan Life Insurance Co.,
with reforcnce to the Asbestosis ituation in the Asbestos Incustry.

5 you no doubt know, Johns-ilenville ond oursclves have
been coing considernble work, in conjwnction thd the Metropolitun
Life¢ Ingurence Coe, in the vay of clindlnating fcbestos Dust in our
fectorles, enc we LBave nade v very satls f.ctozy job of 1t.

Ve have nown reached the point wherec ve can climinzte @

large part of the Dust, but as yct heve no definite Infornetion ns
to wvhut Asbestosis will lead into. They clofn it lenas to Tubercu-
losis, but we do not find this to be the casc.s Stlll, we connot go
into court ond stete definltely end specificolly thﬂt it will not
GO &2. Ve do xnow thuat Aubus 05 Fibrea csn, ond c¢o, get into the
lunge, &nd nay sct up a Fibrovils concltion, u'ich, for viunt of a bet-
tor nane, some doctors have culled Asbastosls :

Dr. CGuréner hos n well equlpped Leboratory, snd ¢ nusher
of separste Dust Chenbers in his Laboretory st Berunnc, ond ke and
his ssgroclatey huve been studying varlows Lypv of Duest for » nuuher
of yeurs, in conﬁbction with Tubcrculosis, but practlcully notuing
huas Loen . Gone v.lth Asbentos, -

: In order to curry on ¢ systimitlic Lust 1nvv.tig\L;on, it
tuxes from tvwo to thrue vwaxd, ¢na these inveecolgations sre gernurale-
1y pule for by Industry, mostly sorking as a unit.

P . Cerencrlty bo"'tor" crurgn s £5,300,0) pulr vers, end
oo™ Lny staey saoadld e bnsed on oo tuzru yunr 001106, in oréuwr to get re-
ko sults that will stend 4y wnd be mccepted by tne weclenl fraternity,

ngfr and, I beileve, by taw Qourts .
A, s TN
-',.‘,"H_.;/""\-,‘ I thincg the Compennation Lawns in the vorious ctetes w11

P TN e pecone more rigla in Lou nost Lo JUhlu ant, no cuitbt, Asbeet Lo, on
‘ L seeount of thic wevertising it nay huad Lloabtely, will becone ore of tue

“Congensation cases, and e ooh oulc‘_:z y nll the inforudion we cun pos-

g;‘ s1biy geb to subnit to the Compensatlon Comelssions of the virious
e ~ Status wiien the quuntlon of Atbot busis cones up.
te
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)/ ‘Schluter, o 2. 11/12/=8

/

rorg on exyerinenting vilth Asbestos ot onct, und has sugsested to us
thut the Asbestos industry taoke over this Lust Chamber end cmploy him
to carry on the eéxperiments with guinca pilgs end rubblts.

The ideu of Mr'y Brovn and myself would be to have four or
five (or even wore 1f we could get them) Asbestos manufacturers take
over this study by subscribing sn egual smount per yeur, for three
years, &nd then we could dbtc‘mine from time to time after the find-
ings are wsade, vhether we wish eny publication or not. iy own idea
15 thut 1t would Le 4 good thing to distribute the informetlon among
the medical fraternity, providing it is of the right type snd vould
not njure our compunies.

: This would mean, 1f four of us went in to carry on this
vork, it uould beiﬁl,ﬁﬁo.oo a year for each one of us for a perlod of
threo years.

If you ure interostnd in this subject, I ghould 11ke to
havc & meeting in Hew York, on fuesday, Fovfmber 17, ‘&t 18830 olclock,

at The Biltoore, or if this is nou satisfacto”y, can nake it any place
you care to have 1t,

I am asizing the io1low1ng to attend the moeting,

Mr. Vandiver Bro»n, Johng-Manvilie, Inc.

¥Mr, T, H. Schluter, Thermoid Rubber Co..”,

Mr, A, 4, HBlagden, Keusbey & Mattison Cof

Hr. H. D. Lettont,  Asbestos Munufacturing Co.’ ;
Hro G, ¥ %il]iumu, Russell Manufacturing Co.*
Hr. 8. imgeon, Haybc"tos~Mvnhuttan, Inc. +

Iz there any one else you voulc sugpest?

Very truly yours,

€3}

L72 B
{
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President



‘Baranac Lake, New York.

| il
November 20, 1936 ‘ ‘M

LeRoy U. Gardner, ¥. D., Director, ’ | I
The Saranac Laboratory, . g

Dear Dr. Gardner:

At & neeting yesterday attended by certain brake
lining manufacturers, Mr. Simpson and I were able to present ,
to & fairly large group of interested corporations the proposal
that one of your dusting chambers be engaged for further experi-

mentation with asbestos dust,

The proposal was very well received and it dappears i
that not less than eight, and perhaps ten or more, corporstions
will participate in financing these further experiments along
the lines discussed when we met with Dr. Lénza and Dr. icConnell
a few days ago. - .

_ Accordingly, you may consider this letter as an
authorization to you to comaence the contemplated experiments
vith asbestos dust for the purpose of determining more definitely
the causes and effects of asbestosis. It is my understanding
that, among other questions which it is anticipated these experi-
ments will answer, are the following:

(1) ¥hat concentration of dust is necessary to rouuce
the fibrosis of the lungs which is designated as
asbestosis.

(2) vhether expoaure to asbestos dust will produce 5
asbestosis without the existence of previous
infection and whether the X-ray changes found
in advanced human asbestosis can be reproduced
in animals without infection.

(3) whether the fibrosis produced by asbestos is
of the progressive type, that is, will the ‘
fidbrosis increase (once it has started) after
exposure to the dust has ceased. v

T
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- (4) Whether the fibrosis resulting from exposure to
asbestos dust is occasioned by the silicon con-
tent of the asbestos or b} its fidbrous structure,

(5) whether the presence of "asbestos bodies® has any
diagnostic significance. .

It is also our understanding that these experiments

.will require approximately three years, which will mean that they

will not be concluded until about the end- of the year 1939; and
that they will cost §5,000 annually, or a total of $15,000.

It 18 our rurther understanding that the results
obtained will be considered the property of those who are advanc-
ing the required funds, who will determine whether, to what extent
and in what manner they shall be made public. 1In.the event it is
deemed desirable that the results be made public, the manuscript
of your study will be submitted to us ror ayproval prior to publica-
tlon.

I shall appreciate your advising me it the foregoling
accurately expresses the proposition you had in mind. Also, let
me know the manner in which you would like to have the funds ad-
vanced to you. Would you, for exaxzple, desire to have §1250 paid
quarterly in advance, or just what arrangement would suit you best?
Any wmethod you suggest will be satisfactory.

Since the experiments are being undéreritten by a rela-~
tively large group, it has been suggested tlat, &3 a matter of con-
venlence, any communications regarding the work bhe addressed to me
and I will, where necessary, comuwunicate the contents thereof to

© Mr. Simpson and the other parties. You will be provided with funds

by either Johns-Manville Corporation or Raybestos-Manhattan, Incor-
porated and we or tley willl secure from the othcr pJarties their
Jsru rata contribution.

I will advise you later of the names of the other con-
tributing parties.

/

I shall apprechate your informing me at the earliest
poasible moument whether the arrangement as outlined herein meets
with your approval.

£ ', Sincerely yours,

ZfZ:o wty f<7¢d44kVL
: Vandiver Brown
VB:T ' ‘ General Attorney

B 3




THE SaranAc LABORATORY POR THE STUDY OF TUBERCULOSIS
- - .or
THE EDWARD L., TRUDEAU FOUNDATION
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Mr. Vandiver Brown RICL REbANS S

Johns-lianville Corporation | 8L, & AREDS. Orhick

22 East 40th Street
New York City

Dear kKr. Brown:

- Your authorization to proceed vwith the
proposed asbestosis experiments at the Saranuc Laboratory
is acknowledged with satisfaction.

Wle bellieve that such experiments can be ex~-
pected to furnish asnwers to the questions which you have
outlined. The estimated cost of $5,000annually for a period
of three years, making a total of $15,000, is correct.

Your suggestion to make advanced quarterly
payments of $1,250 will be entirely satisfactory to the
Laborutory. If this is not convenient any other arrangement
thet you may care to make will be acceptable.

The Saranac Laboratory agrees that the results
of these studies shall become the property of the contributors
end that the manuscripts of any reports shall be submitted fao
approval of the contributors before publication.

I would roecormerd that the exreriments be
rerformed with pure Canudisn tsbestos fibre containing re-
latively little serventine ruck wst, ‘the "Kings Floats"

- ussu in our tirst experiment wus unsatisfactery owing to the
fact that it contained such a high concentration of non-
fibrous rock dust. If this meets with your approval I would
suggest that a sample be submitted to the Laboratory for
chemical and petrographic analyslis.

Having mutually satisfied ourselvss as to the
materiel to be used I wnuld request that the companles agree
to suooly a sufficient vuantity ot asbestos, ground to the
finest stute of subdivision possible. 1 am aot awure.whether
any ol the contrioutors huave appuratus capable of reducing
fibres to inhalable dimensions. If this request should not

2 7/”‘“4*2.77;7'
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prove practical some arrangement for its final reduction
will have to be made by the Laboratory. But ot least the
material received by us should be broken to powder.

1t 4s impossible to estimate the asmount of
material necessary for the experiments at the present time
ss its behavior in our dusting apparatus has never been
determined. With the "Kings Floats" tests approximately
1200 pounds a year were renuired. It is concelivable thut
a pure fibrous uust might be dissipated into the atmosphere
more rapidly and hence even a larger quantity would be
necessary.

' we are ready to start the work at any time and
will be pleased to examine samples of cust as soon as they

.can be procured. .

Thunking you for your cooporation in arranging
this progrum, I am

With best regards,

Sincerely yours,

LUG:CC

<o e



Ur. VandLVQr Brown =2« ‘ February 24, 1%4

Naturally, I shall weloome any oritiolsm that yeu cr
any of the other contributors would caras to offer. Bhould any ¢
theo want to disouas details, I.would bo pleased to meet with the-.
May I take this opportunity to thank all the sponsors throush vsu ¢
the support that ve have had. :

Binoarely’yourn.

g

Leroy U. Oardser, ¥. D.
Direczor

LUG: 38K
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THE SARANAC LASORATORY i
FOR THE STUDY OF TUBERCULOSIS

© Of THi EOWALD L TRUDLAU FOUNDATION { . -
SARANAC Laxg, N.Y, !
K ‘ ‘941 f

February 24, 1943 '

| %Zv/d'
¥r. Vandiver Brovn

Johns-Nanville Corporation
22 East 40th Street T Cﬁ?&of.444/
New York, New York ' qos?

Dear Mr. Brown:

I have at last succeedeld in aua’yzin: ngst of cur o
voSZS.nouu experinental data end assessing the results.] I reait:ze
tEEY this should have been ocompleted before this, but the ecergency
has left ze short-handed in the Laboratory and also necesaltsted
doing a good deal of extra traveling. I hope that the sponsors c¢?

ur etudy of asbestosis will be charitatle and realize that the virx
has fer oxceeded its original ecope.

We have done over 40 different experizents, cany of
thea dlivided into several partsa, vhich involved exposure of arnizals
tor 1 to 3 yeare to various duste. The buginess of preparing zizrz-

ccpic sections and oheoically analyzing the tiseues on =cre tne
EOO enicals hae been a Job in itaelf. Wy tizme for etudying sec:
ard arnalyzing data has been %0 linited that we are behind our e
ule. 7T have 8%ill not had time to write a _full repert of this v
which will of necessity be ronograghic. Eowever, fer the berel!
the contributors, 1 am subaitiing a table of ccniente and an an-
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nctated outline to indicato conolusions and the line of arguuzent that
will be developed. The latter itself occuples 15 papes, tut I hige
~ they will find it sufficiently intereoting to reed. I ehall wecrx cn
. the final meanuscript as I have oppertunicy.
There ore a few experizentes still in ca;esa which
ghculd be cozpleted by the tice ve ere ready fcv thex=. 4he worx co

cethsls . of cdust deter-inatlcn. I oonsider izportant enoush tc in-
clude in the atudy. The queation of cancer susce ,tlbil:ty now gee=:z
re-airnificant than 1 had previouely imasined. I telleve I cen
o sain eup,ort for repeating it frea the cence: reseerch group. Ag
17 will take tvo or three years to oszplets such a study, I tellavse
it would Detler be omitted from the present regort. I?f it ghzulil
becoze poseible to MDake this study, 1 hope that I a=y 2sunt on eazc2
0? your zezbers to supply me with enoush pure, long filbre astestss !
for the purposs. ;

[p—
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OUTLINE OF PROPOSED MCNOGAAPH CON AS823T0318

Saranac Laboratory Syudy under Grant from Asbegtoe Apgooiation

[ ¥ B B S

(¢}

PART I HUMAN A33£370SIS

Human Patho;ogy - a atudy of 25 autopaylaaae$ Illuastrated

X-ray Patterns in Asbestoosls, Illuatrated
Ash and Mineral Values in Human Asbestosis
Conplicationa of Asbeatosls
(a) Susceptibilizy to infaction

"1 Tuberoculous

{4 Non-Tuberculous

111 Cancer of the lung
Dieablilty, causes snd ccoparison with silicoslis
Diagnosis
(a) Hlé;ory of ‘adequate exjosure
(o) X-ray film pattern

(c) Physical exaoination
(d) Asbestosls bodles in sputun, thelr significance

3
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PART II Experigental Aabsstosle

Methods '

(a) Inhéiation oxposures to plant dusts.
(b) Injection into lungs through trachea of pure olneral
(o) InJcctlon of pure ninerals into other organs.

bpecles Suaceptlblllty

Man, gu.nea plgs, raboits, cats, white cice ard rave
dogs. ;

Paculiar Characteristics of Asbestosis

(a) Unusual localizalon of chrysotile fibre in lungs. .

(b) Rate of resultant tiseue reactlon more rapid than to
quarte.

(e) Reaction to chrysotiles not progressive after ex;cosure
ceagee; agaln the reverae of the situation in asillcosl

(d) Asbestosis Bodies

1 Composition and methods of forz=ation.
11 Occurence in different specles.
111 Forzation does not parallel developament of fitroa
iv Oradual disappearance after exposure ceases.

Comparative Effects of Different Asbestifora nminerals.

(a) Canadian Chrysotile.

(v) Arlzona Chrysotile, low iron.

(¢c) Crooidolite
{ Bolivian apecizen, atif? and elastic.
11 South African, 80ft and flexidle

(d) Anthophyllite

(e) Adoalte.

(f) Tremolite.

Effeats of Control Minerals

(a) Orannular Serpentine, scCe ohenlcel com.osltlicn as
chrysotile,

(p) Glass Wool, a synthetic s.licate fitre.

(c) Bruoite, a fibrous magneoiun hydroxide alzost free of
sillca

Chenical Conpositlon of Asteatifora uinarals in Relation to
Irrit acion

(a) Nothing in composition correlated with relative irritat:

capacity.
(v) Prelininary acid treatment -

1 Hydrochloric acid
11 Cardbonic acid
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10

11

13

14

(¢) Effects of Aluninum
Physical Propertiss in Relation to Irritation
a) Length of fibre
bglzrreot of Crushing
o) Heat treatoent
Nature and Significance of Aabestosis Body
(a) Forazation
Eb) Protective effect preventing further irritation
o) Ultimate solubility in tissue
Theories of Action of Asbestiform Minerals

(a) Chemical - reasons for considering invalld
(b) Meohanical - experimental demonstration of.

Ccaplications

(a) Infection, tuberculosis and other varietles
(b) Cancer of lung - experimental data suggestive but not
proven -

Disability
Lesentlal Features of Harardous Exposure
(a) Mature of dust - fibrous component and slze factors
(t) Ataosepheric Concentrations - probably lower than for
quartz : : .
{ Inadequacy of standard impinger sazpling zethed
which does not oollect the dancerous fiblres
11 Eleotrostatlic precipitatarsazpling preferadls tus
cethod must be modified
(¢) Duration of Exposure

Reconnendations for a Mew Standard of Safe Atmoapheric Zon-
centrations of Asbestos Dust

(a) The Quasi-offliclal etandard.of 4 to 5 million particles
Der cu. ft.
() Work upon better method of sampling

(¢) Necessity for comparlison of results with X-ray findinss
in eaployses

Prevention

(a) Chenical means not .practical



L Acldosls neceseary to dlasolve fibre in lungs worge
- than Agbestosls -
11 Aluninuz Therapy Lnappliosble
111 Chief rellance atill uson dust prevention with
. spedial emphasis upon the fibrous components

Aprp-LS . o ..



ASBESTCSIS - ANICTED OUTLIUE IUDICATING RESULTS
PA1T 1 - HUMAN ASBESTOSIS

I Human Patholosy and X-ray Patterns - Desoription

Based upon 23 hunman autopolios

2 Ash and Mineral Yalues in Hucgn Lungs.
3 Copplioation of Asdestoels -

(a) Susceptibility to Infeotion
{ Tuberculous- High incidence in Engllsh experlence rot
duplicated in surveys of American Plants. L
Avallable autopsy statiatics decelving because of asel-
ection of material.

11 Non-Tuberoulous< The sane reason probably applies .
should be checked. by analysis of ab-
eenteelsn among asbestos workers.

111 Cancer of Lung Ditto, but there are now on record 10
' caoes of. lung cancer in asbestos workers.
Cozpared to ths total nuzber of autopsies
on astestosls, thile incidence is excesslive
No asuch fraquency has been &discovered in
elllcoole Qr other fcrms of pneuccsanlo-
8le except the Schneeberg cines of radlc-
actlive orea. The evidence ls suggestive
but not concluaive that asbestcsls =ay
- precipitate the developzent of cancer in
susceptitle individuals.

-4 Diesbiltity

Clinical experience suggests that truly dlaabling asbesticsils ia
nanifested by less striking X-ray changes than a ocorresponding
degree of sailicoasis. Buch dleudllity Ln asbestosis 1s due to
disease within the lungs and not to secordary hesrt dlseace. As
‘n sillcosls, assoclated pulmonary infectlon incresses the azcunt
gg geverity of thre dust fibrosle with resultant accentuation of
disatility. There is urgent need for a ocareful physlological
atudy of pulaoonary function in asbestosls of varying severity.
Undoubtedly, there are cany dlagnosable cases with no slgnificsn:

disability.
% Diascnoals depends ugon three factors.
(a) History of adequate exposure, ugually 6 to 6 years, scce-

h the concentration and
nes longer, at work where bot
:iaractergor tre "asbestos" dust are hazardoue.

Jhace-tk b l)
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(o) Evidence of dise ae‘

n a oharasteristic X-ray pattern, .i*
- I
(c) A physical uxamind®{on which reveals certain characterigeti

sivns and pay reveal evidencea of disability .f present..

{(d) Asbestosls bodiea 1n the epuhua are confirsatory wnen %he
nrevious factoras are all nositive. Howc\-r. the bodles-y
pnay be absent, particulnr ¥y i: the abserse of trso nchltis,
infectlion, :

Asbeatoaubodles uneugoorted by othor evicence do rot :aka‘
.8 dlagnosia. '‘Occaslional oneo have been found in abcut 19

. autopsy -specioens of poroons with no known exposure and rno
fibrosls, probably ot non-ocoupatlonal origin.
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, PART l_ xgerlngntgL Asbestoslg 'ZZZ
(o BT ? zj" '“:v sl .Lif

I Methocs . - %~Sfﬁ, ' ; o | “':
(a) Inhalatlo g Ergoaurg tB Plant Dus; - chcirio fivr csis in

lunss, but no ohangea eloewhere.*,,,_,, T ..a{;;

(b) Injections of: Suagansiong g; Pure Ning'ala lnto Trao ea.':

" Sisilar reuulta. R T D L T

(¢) niection of Buao-nelqpe of P g Vine"al 1nto other orzgra
. Fibres dlaeolved° no asbestosis bodies; tissue resctlicn_co:

fined to phygooytosia and enoapsulation. Cozcare tre',—\u

, asbestos cpTey or yy.aniaubjocts o aiﬁ_f 3_ 'Tlfitl
- I D I e LI AR o T
I1 Species Susce v;lbivggx ,,:‘gaﬁ‘;: MY 'F-“FﬁJv*r°r- u.:\,
. ‘__.- . 0 ‘o.. . ,s-"'-. . v e . " . l‘ -y
Unlike free alllca,»aabeatoa Qoes nosg orcduoe ita spoaific 8ftec
~ An any organ of. any: specles. .0f anical/~. "It cauces fibrosig’ only:
. the lungs of man nnd those ;*: ;au or the opociea teebed..-%qf.
‘U ,:"\haa,“ﬂ ‘, ~..-_.. Sy zg-:a»
Soeclss Fildbrosls Asbogiqa Bodxg S0 ogcxoa rlbnqus Aeb-e,os De
e . ",.-‘L\ l- . . .-_4."-:".;':;-"-:_:;"{\.‘4: RIS -..!..'. s .:w.,' S
Yan 4+ © 44 : Cat‘.rhmeJ. et T
-.‘_'.: o ,, \ N P R -'.. :... -~ -.~ L. ,‘..g; 'y e
Suinea Pig 2+ S Vhltc Houea 'Q - + -
- '.'\..' y :n.-.' T .." ; "d -_".. . ..' 4.. - ‘..' !.
- Rabbit T+ T W D Whi o Ra: Qv CeQ e
.'.l.a o.. ‘i':.‘r j“l :'}'. : t ‘_'l \'l' ':"-':"?,.._ ’: - '.': .-:: .J.'ff.';'::..
X2 = yery acall ntynL:al“nabnath,bodigal DOB adl e B C o
"-’ ' ‘-,G '.‘ .‘,'?.“ .‘, id e ".’"'!\‘,I "”;l, o v \'L‘,... v
e 0 -t? g & . . A
III Pecullar Charaot rist&c ot Asboatoniq.;;-ﬁggyf.g,; t sl
s .1 " .. 4 ¢ '“...‘:.‘" !’!" N 4
N K] \. [
(a) Localization of tlbrouo minarala 1n lungu dirrera frog trnt
of granular duet. parclolea.‘ a \.d‘,.}$}~d)..-hu' r?.ln,u
AP N SRR A A Y ‘.’ ,..;,‘ SCAVy Cheoe e L 2 ksl
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(v)
(¢)
(d)
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Fibres like ohryesotils having a aertain decres of flexibility
and elasticlty acrumulate within the finecet air tubes; granular
dust 18 oarried further on and is widely scattiered through the

tercinal air spades.

Rate of tlssus rsaction to asbsetos 16 much zore rapld than
to an active dugt like.quartz. Eviderces of formaticn ascear
as soon as sufflclent concentration of fibres has locallzed
‘in speoifioc areas; with guartz, there 18 a latent perlod of

nonths.,

Reactlon to asbeastos does not progreas on cegsatlion of expos-
ure. Young ecar tiesue that may have forned, contracts and
becones core danee but the area of involvement decroaces in.
slze. In alllcosls, the .young nodulea become larger after -

exposure oceases,

Asbestosia Bodieo sre a sp2oific concomaltant of thias fora of
pneumoconioceis, They are due to a deposit of protein and iron
uson the surface of inhaled fibres. In gulnea pigs they Zora

after about 60 days of ocontaot with the tissue. They are abuna-

ant in oan and gulnea pigs, (3ee paragraph 2 above) buf zuch

larger in the former probably becauso the larger sized alr tutes

adalt larger fibres. In cats, rabbitse and mice, there is an
atyplcol coating of a few of the rfibreo after muoh longer resl-
dence in the lunga; in rats and dogs no bodies could e dls-
covered. ' Frono paragrach 2 1t is apparent that thelr occurence
does not parallel developzent -7 florseis. In lungs injectlon
experinent, the todles have rmb ‘eveloped until 4ftar fi-rosis
‘e~wall pdvrnced. The nuaber of bodles seecs ty dccreage
eeveral years after exzosure ceases,

v Comzarative Effaotp of Diffrrent Asbenczals Yinerals
- ’

(a)
(b)

(¢)

Cangdian “hrysotile - highly irrizating.

Arizona Chrysotile (low in iron) equally irritating ard cro-
duces Juat..as oany ssbestosls bodles as the Canadlisn pgrcduce
with over 1l timee as much iron.

Crocidolite - The South African bluo asb2atos 18 known To causge
astestoals. 0Only a limited asupply ol thls matertal in pur

fornm wao avalladble, post of it was used carlier in the vork in
ron-productive exgerimenta. For the later critical inlectisn
tests into the lungs, a Bollvian varletly was subatiluted te-
cause of its high purity, Itg [llbres were ouch astralghter,
gciffepr and oore elastic than the cottony South African varlecy.
Perhaps because of these pecullaritlies, it has not given
reactions comparable to chrysotile. It prcduced asbestosls
bedies but d1d not localize in the terminal alr tutes nor casuse
any ribrosis. Tests ntow baing repeated with a typical South
African crocidolite with physical characterlatics siulating

chrysotile.

- (3)
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(d) Anthophvllize -<stiff, stralght fibres - atyplcal asbestosis :
bodles forms slowly but no locallzatlon or fibrosis in lungs.

S

(e) Anmocgite - Ditto. o - -
(f) Amphidole - Ditto. . , L ':".':'.-" R
(¢) Tremolite - Ditto dut vory fow asbestosls bodles - Obaervnt
belng continued. ffui".fi g _,. b;,
V Control Mineral . ” - R _"_

(s) Granular Sernentine of sanme chemioal composition as o cot'll
16 lnert causing no fibrosls in lungs or otiher organs. LN
attracts iron froo the lunga but of dourse, no ‘bodics' dovolox

(b) Olree Yool(a synthetio silicate) fibres are not 1n~alabla rron
air-borne suspensions, apparently because of thair atiffacss

(the dlaoeter 18 not responeible as some uced were loss then '~

1 olcron thick) On injection into the lungs, they do not *

localize in the alr .tubes but are widely scattered. Thsy cause
no fibroolas. After 3 or 4 conths in oontaot with lung fluid,.
a few plass fibres taks up iron but reoain scooth. They nover
show the swollen ends and lateral proJoctions of the trus " .

asbeatosia bodlaes.

(c) Bruclte of intersst because 1% is a flb*ouu cinerel practicall
free of alllca (0.9%8). Crystallographically the arrangeseat ot
tts 4z and O groups in each unit ocell 1a glaollar to that in
chrysotile. The sample used also ocontainsd about 1l€5 iron, pre
bably froo sontaninating cagnetitoe. The fibres are otiff and
needle lixe. Observidions not yet coopleted tut after 2 months
in the lungs, typlcal asbestosis bodles develop but thero Ls as
yet no flbrosla. 4he ribre are scattered through the lung inete.
of being. localized inside the tercminal alr tubes and tlssus
reaction’gecurs ground, instead of within the tules.

Y1 Chenicel Co*ooeltlon in Relation to Irritatisn

() Novthing in the following c“em cal cozzzseltlions can te cer-
related with varlations in capaclty to grovoxze tlsesue reactiicn,

(3ee Tabls Next .Page)
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~Chrye- ' Crooid- An tho-\vi)tdggg.tq;LAmphiu Qpagoli,o,‘g,u olto.

_otile olite ovhyllito o " i hQ%flﬂ"Lis"i - “'~;:f

§i 0 37,436 34,908 qzkgigfz:'Kh,zgz 535048 " ‘86, 209 0,508
Fop Os 2,356  16,27% R WL LQG‘ ' i;éé% © 90147 g, 70k R
Fe 0 0 4,293 Q 7 3.3t a4 : S gttt g agg R
Al 0.36% __ 1,02%  q,25% 1,098 1:69% " 0,867 0,488 "%
Ca 0 0,0%% 0,79% Q.445 2,01% 2L22$.'E A, 458 0,408 ' 7"
MaO _ 38.77%  12,28%  29,64% 8,898 23,203 20,521 53,695 "4
Nea O 0,39 5,92 0,52 0,33 0,40 6,78 "ng;fi?‘
KnO . 0,08 0,57 0,18 0,0 0,2 0,99 - 0,15 "
Llosg £108° 4,30 0,02 0,02 bL55 oQQé 0,34 OLQS“:%
_>105° 14,92 2,58 2,42 'ilsl, 31595 ' p.78 25,68

(b)

(e)

Acid treatoent or ohryootllo rlbran

.
(

-
-31‘

{ One hour in dilute or oonocntrated HCL does not a b:
pearance of fibro but aftor suoh treatzont it rapidly dis

solves and dlsappears on injecting into living tissuea. -’

11 Treatoent with COs bubbled tr“ough water or lung Julce ..
. suspensions of chrysotile fitres cauacs partlal goluticn
with liberation of silica and magncsla. B '
Colloldal allumina does not neutra’ize tba ‘elfacts of astestc
as it does quartz. On in1ect1~~ ch.;so:ile guepanded in
alucinun hydrate solution itrceles and aﬁvEBtOB tcdiea dev-
elop at the usual rate. fc recains ¢o deconstrate wvnetner tt
fibres-becocs ooated with a layer of alujinuz conohydérate as
has been proved in ths case of quartz. +f they ba"e, the cca
does not affeot thelr capacity %o irritate tissus. ..

“v-a

les in Relation %0 Irritation of Lurz Tissue v

VYII Phrysical Proper:
| Leneth of Fitre - . PR

(a)

(b)

« e
..

Short chrysotile fibregunder 3 @lsrcns are practically lner:z.

20 to 50 mioron fibres cause typical Zibrosis.
The effects of lonser ones could not be teasted for technical

reaasona.
Crushing oompletely destroys the fibrous structure of
chrysotile., With loes of otruchre. all ocapacity to ir:
disappears.,

tave

-
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Vo ;(c)’hﬂssi AL 1gn1t'on ;emp»raturao;nator "An" drlvon;ofr‘buc tne,ar'

vty fAbrewstruoturoe’ia proacrvod."'ribrae becoxe’ extregoly: brittle.
o i"The physical change alters typloal localization vithin tholswy”
. lungs, no fibroa‘s davelops,: roaotlon limicod to- pbyagooytouia.

" No ,asbestosis bodloa formede i’ g, *“-g SR C e
Y f- '.r‘ v Nph “-'/u .?f'::' ;:)" : e fhl;,,;
L 'A.,. ¢, . ’, :.‘,“-'
VIII Ngture ard q;;nlrlcanqq gg abggggggg Qasxan n e
' ” 1‘7 S e ‘e "‘ vt " a "vl"' ‘. .’.,

(a) Bodles probably rasult’ from dopoalt&on *af iron! and organ.o
natter on a olovly dlocolving £ibre .ol .acbestos..:The source .
of ths iron 1o more 1iksly to'bs tho lung tisoue than the
mireral iteelf ao tho coating' 18 7Juat *as-heavy fon-fibrous
ninerals or lcw iron oontont a8 upon. thooo high in 1ron.

RN ;mo"v"".-. ,,.L- i *,L"‘“\'. T2 ~Y':“.‘

(b) . The efroot of asbestosls body'formation'is asoumed to be pro-.
tectlve although it has not-been.possiblo:to Leolato a larga'
enough quantity of. these otruotureos:in. unaltered. fora for ..ol
purpoces of teat,  Ths scooth’'rounded-ends’ presented. by :ho A
bodiss would not be noohanioally 1rr1tat1ng. '«5-4;.-.z Tt

-

'.""a- "' ¥ ’ .'I

(c) If they were oapablo or cauolng lrrltation.\tho rlbrooio ln tha
lungs should progress ar:pr‘gxponuro ceases whlph 1t does not.'

(d) The c*g duel diaavpearaheo ot bodiea (ahd ribree) long efter
_exzosu €'boln~a to ulticate solubllity inf tlnauo flulds.

(e) The bodles are probably a fortultous concocmitant rather .han -
a csuse of fibroals.

£ Asbeatiforn Yinerals

IX Theories of Irricant Actin

.

(a) Chentcal These experiments do not confira the thsory tha®
agdaestosis 18 merely a fora of asilicosls resulting fros Zrse
gllica literated in the solutisn of a silicate colacule. I
this were true aabestos, llce cuariz, shculd causs fitrosis in
any organ of any apecleo for he exoeri:en.a have shown that
injected agbeatos dissolves in these locatlons. EHovever, it
Zoes nat c-use such reac.lon in eny _ocatxon ba' c 18 lunzs of a

specles. .

(o) Meshanical Irritation

We (e proposing the theory of nechantieel irrlcation which Lo
sanifested only 4n the lungs because this orran is the only cne
whise norsal phyalologlcal funations involve a high deg“ee of
noblility. axperiuenta deslgned %5 prove thas necesslty for zoIiin
in this tissue have falled for technlical reasonas.
Fapr this theory to be ansplicable, Lt s necosoary that the
rlbres be consentrated in the fi7e terminal alr tutces., It has

grown that only chrysotile of the asbestifors olneralsthus
td&“%ag the proper phyalcal oharaoteriatlcs.to insurs such
localization. t 18 also essentlal that <the flore shall percilet
long ernough before it dlsgolves in the lungs of spacles 1 ze
oice, rats,tdGogs. 1t ug.areatly diocsolves so rapidly that 1t
exerts no irritation. 39ioilarly rapid eolution way explain
in part, the lacx of florosls in organs qthér than the lungs.

: . ot .,
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The fibres must be long enouch so that they cannot e compl
- eurrounded by phacocytic cells which would prevent con:acg c
round, broken ands with the delicate cells aupporting tbebal‘
Observation has demonstrated that theoe conditions aro Ecall
g4ilnea pige treated with long fibre chrysotile and fibroots
With the other asbestiforn olnerals that have been teated. o
all of the prerequisits were lacking and no fibrosis devei3p¢

(¢) 1If the irritatlon were chenlical, fine serpentine which !
sane chenical oonmposition-as chrycotllgiahould have also
rfibrosis. The erushed chrycotile ahoudl have been nore
than intact ribres, bLecnuse of the greater ourface arcas
posed to body flulds. On the asscumption that chrysotile
ouartsz, becomes coated with a very thin layer of alusing
treatnent with colloidal aluminum hydroxids, capaclity to
fibrosls snould bs destroyed if the sotlon were chenlcal
guch 1§ not ths case. . o~

(d) “re heavy coating resulting from asoestosia body forzatis
parently does stop tissue reactlon but here the eflects a:
probebly mechanical for reasons clted,

(e) Heat sufficlent to alter chemlcal etructire d estroys pcwe
To irritate but it also altars esasontlal physloal characte.
. thaot affect localizaticn of the fitres in the lungs.

X Comolications
(a) 3Suscentibility to Infectiang
C/./a ]

i ‘Tuberculoue - Aabeatos benaves Like most other oilners
this respect and not like cuartz which specifically !
native susceptidllity to the tubercle baclillus. Thls
feoticn pay eoread for a tine dbut than heals. The resul
fibroale sccentuates trat caused by the nlneral litre.

11 HNon-Tuberculous = of no greater frequency then in aninals
inhaling dusts of other kindas. Occasional epidenlss of
pneumonia occur in our dust rocms, but these are cdue to
nethods of housing rather than to duat; they oeam alsgs occu
in unexpcesed aninals.

111" Cancer 9f Luncg

k.o}i;y(gvl’ .
do experizents were,designed to elucidate this polint tutl
certain evidence suggesta that asbestosls cay actually
favor development of tumors in sugceptidble specles.

1 In gulnea pigs, rabbits, rats, cats and dogs lung tuzors
are rare.

2 When these speoles were subjoected %o 2 to 3 years 1ln-
halation of asbestos dust, the incidence of lung tuzor
was not inoreased., . '

.

.
N
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3 Soce strains of white mice do develop tumors withous
apparent cause. | |

4 Suéh a straln of white mice wan unintentlonally used in
three inhalatlidfl exXperidents with asbestos,

5 Of 11 olce inhaling long fidbre asbestos for 15 to 24 month
8 developed maligriant tumors in thelr lungs and 8 of ttan

had tunoro in other organs. Iha Ancidenos roate 81.8% is
£xcegelva.

€ Of 22 oioe inhaling gh fibre aabeatos for not longer tt
12 sontha only 3 doveloped lung tumors. Rate 13,6% ;

7 As controls, we have only the experionce with olce in oths
dust experinents. - -
for shor% npsriods, there were 51 mlics 9xposed to 4 other
ﬁlg;a of dust for 10 to 12 months. Incidence of lung tumo
For lons periqds, theres were 143 mice exposed to 4 differs:
Xinds of duot, inocluding pure quartz, 23 to 31 months. Fo:
all this group of mice the aversge incldenco of lung tuaoer
was 13.8%: the highest rate (25%% was in a subgroup exposec
to flint dust.

Thus the lnoidence of lung cancer in the long fibre asbestos nice
woe over 16 times the average for nlos inhaling other duats for
coaporable perlods and over 3 timse the maxioun for any other'grou;
liice expoaed to the practiocally inert short fibre asbeatos showed
fewer lung tumors although 7 times more than those in short exposur

to other dusts.

Ynege observations are sugrestive but not concluaive evidencs of a
cancer etlzulating aotlion by asbestos dust, They arse open to
several oriticisos. 7The atralin of cice was not the saze in the
asteeatca experizent as in any of the others oited; apparently the
forzmer were unugually susceptible. Not enough animals survived in
the dust for longer than the 15 montho apperently necessary to
procuce pany ‘tucors., 4here were no unexposed controls of the saze
etrain and age anrnd no diallar controles exposed to other dusts,

It 18 hoped that this experiment can be repeated under properly
controlled conditions to deteraine whether asbestos ectually favers

cencer ©f the lung.

XI Disability

Cannot be detercined in anlsals. 3he accidental deaths were
froo the sane causes met with in all our dust inhalation experi-

cents., ¢

Al -tw (8).
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(g) aturg of Duag I e
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(b)

Ab- b (9)

iL ¥he hazrds increases with the proportlon ot 1ntn£i f‘brea ‘hf
in the dust. UJranular material and orushed fibre are ”:C-w
KR LI

inert diluenta. w’

11 The lon? fibreo must be thin enough (1-3 Microns) and shert -
enough (under 50 Alcrons?) to be inhaled.

111 Very short rlbres (undcr 3 Microns) ore practically inert.

Atmogpheric Q‘oncqrm:au_n 8t1ll-under study.

Apparently this factor is lower than in the case of dusts
cooposed of granular nincrnls but nothodu of eatiocation are
nisleading. .

‘ .- ..“ .

i The average standard Publio d-alt‘a Service iapinger count
in the long fibre asbestos dust roon'was 40 nlllion particles
per cu. ft, of alir. Tnia concentration‘caused fibrosis
visible to the naked eye in 20 to 24 minths. For comparisan
the average laopinger ocounts in an expericent with pure
guart: vas 120 oillion particles par cu. ft. and rloroaia
developed at about the sade rate. - ‘1 \" :

11 However, inpinger oounts are decop'ive becauae by this -
method of sampling very few fibres, vhich are tbe significant
elexents in the dust are collocted.:e'-;f:

111 Saompling with an electrootatic pr-olpltator ia a cuch ccre
efficlient means of collecting fitres froo air-borne sus-
pensions. Sacples froo our long fibre aobestoa rsoa
gshowved that the duat in the alr contaired 32.5% of fitres
rew of which had been colleoted or counted in the lzpifre"

seople. The latter aanpled largaly the inert granular parsi-
clea. .

lv As ordinarily employed prcclpl ator sacples are weighed and
the resvlts expressed in mg. per cudble foot of air. There
is no cesans of sonverting euch values into nucbhers of
perticles particularly when thcae vary in size, shape and

'npecirlo gravity. " _ ,

v Slmultaneoua uampltng with preclpltator and standard i=-
pinger ylelded the reaspective values of 0.65 og and 60 oil-
lion particles per ocudloc foo%t of alr.

vi rhooretioallg the best indéx of kRazaerd would be elther the
nusber or welght of fibrous elements in the dust.
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S, o Lo
.. (e¢) _Duration of Exsocurs R : it
s j 1 Fibrosis viglble to the naked eye after 12 ronths ex;bsﬁg;
increases in extent in oudgequent 13,montha. L
. 3 11 The span of life of our most gusceptible laboratory anlnmal
o the gulnea pig has prevented continulns exposure longer th
- :‘.%1 - threc years., In thlas perlod only-the comparatively early -
LR T stageer of ‘agbentosis have been:produced.: With the know-
R ledre that we have galned, it io. probable that more extens:
L oyshiL dlsease could heve been produced with a purer long fibre
IR chrysotile., The long lived specios,-like cets, dozs are ur
gi) i+t . fortunately not susceptible.. R
o 111 For theoe reasons X-ray changes have been ciniral and we
Bt 0 2 were not adle to fulfill one of the objectives of thig pro-

-
. gram, .. .uv e
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r{jx;II, Rpecoszendation for 'a New Standard of Safe‘Atzoapheric Concentrptis

Pl iii of Asdeston Dust, ~ .. . La- . DRSO

7 S : g LT I R EL P )

[iroi. (a) While there ia no officlal atandard, tte tentative one of

N 4 or S alllion particles per cubic foot of air is frequently .

'T""I:-";, Q'Joted. t. ! ... LI ‘_' ~..: '

f;ﬁ-f (t) This 18 probebly unreliable because it -is based ugon sazpling

e e with a standard iaplager vhich ve Lovetohown does not collect

}}" oosf of the fibres that are the source of hpzarc. :

e (c) We now think that a standard should te taced upon aezples

o collected with an electrostatio precinitator Lf 1t 1s feaaltle

i to ceteraine reedily the relatlive grsportion of.flbtres irn such

i . urterial. . el e

‘.b '.‘. T “:'.‘. . .

: («) Wor% ls atill in progress ugon-the lattor:poipt.

i . BRI e EmL TR Ay -

: (e) To te of walue the' new stancard would:-hoyeito~be correlated .. .

with the'X-rey findinge upon‘enployees.exposed .to different
concentrations of puat.,za..jw" Cethoen DL
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XIV EFreverticn of Asbestcslg” ;%-Q;ﬁ‘ T e BT T ' ‘

" . . ..

) e, Ta L
The exgericents have falled.to develop eny.p chezical
teuns of neutralizing the actiow of ribrousiastectos.: '
. e e ..‘ .., ’-‘-.. . l‘; -': i \. LA ‘-;t;_.‘,o:'.' '-.§.‘: .y ~?; ..‘ .
(a) To alter the humanflung 60’ that 1t would:digdolveaccestos
fitres repidlv like a rat would neceseliuts: fwrevect—) ;
creatirng an aciidals whioh wqula.beuwo:sgup:uq Ehe’efre;:a cf
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€ e (b) Apparently nluns.mm ’uhiuh in, 80 srrentin-c.gafinﬂ‘f‘x
. st F L has.little Anf1denda lipon’ fibrous cErysotile ey
Lo '!.-,_ AN N DF R, PRI ok Al ol Yt R EH -vf*xi.:;\'
s * (o) Howgver, it wqum bp‘"o: srent theoretioal>intersst. t
BT s 1" Tew oates with roalrdyspnosai’fron asbestosin: by -alual
SIGt oo holation, We aromy.-no ‘meansipertajn, vhqthar sthe’fav
Eoio e }.).“reoulta upon advanced: plnooucn are;dup €oia’ ‘ghedica
,;}'.:;.‘-’:';’.,;{'. "3 gation of auartr iptths lungs.. -Aluminum® uight“have.e

,f'?*.’ general pba;mncolo;'icu.l cr:gqt wnlcn"influcnooa dyapr.
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Hovember 20, 1736

LeRoy U. Cardner, . D., Director,
The Baranac Laboratory,
Saranac Lake, Nev York,

Dear. . Jr. ‘Gardner:

At = »eeting yesterday attended by certain braxe
lining manufacturers, Ur. 3inpscn and I were able to preseat.
to a fairly large group of interssted corporations the ,roposal
that cne of your dusting cnambers be engaged far further experi-
mentation with asbestos dust.

The proposal was very well received and {t a,,ears”
t0at not less than eight, and perhups tan or more, corporations
will carticipate in financing tlese further experizents slong
the lines discussed wnen we met witl: Dr. Lansa and Dr. isConaell
a few days ago. ' -

Accordingly, you may consider thls letter as an
autnarization to you to comuence the contemplated experiuents
vith asbestos dust for the jur;ose of determining mare definitely
the causes and effects of asbestosis. It is ay understanding
that, acong other questions which it {s anticij)ated these exj;eri-
3ents will answer, are the following!

(1) "nhat concentration of dust is necessary %0 .rocucs
the fibrosis of the lungs which is designated as
asbestosis. .

(2) Whether exposure to asbestos dust will Sroduce
asbestosis witbout the existence gfyjrevious
infection and whether ths X-ray changes found
in advanced buman asbestosis can be.reproduced
in anioals without infecsion. SR

RIS A
! "“""T
(3) Wrether the fibrosis produced by asbestos is
) of the _rogressive tyype, that is, will the
fibrosis increase (once {t Las started) after
exposure to the dust has ceased,

04037063 -
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(4) ¥hether the fibrosis resulting {roa exposurs to
asbestos dust 13 occasioned by the silicon con-
tent of the asbestos or by its fibrous structure.

. (5) Whether the presence of "asbestos bodies® has any
diagnostic significance.

It i3 also our understanding that these experizents
vill require approximately three years, which will aean that txey
vill not be concluded until about the end of the year 1939; and
that they will cost §5,000 annually, or a total of $15,000.

fﬂ_-_——'ii is our further understanding that the resgults
obtained will be caonsidered the property of those who are advanc-
ing tbe required funds, who wvill determine whesther, to what extant
aud in wbhat manner they shall be =ade public. In the event it s
. deemed desirable that the results be made public, .the canuscript
'.2iﬁyour;3tudy:vill.be,:ubuittedrio.najfor a;provaliprior .to publica-
on'

I snzll ajpreciate your adrising zme {f the foregoing
accurately expresses the proposition you had ia mind. 4ilso, let
me Xnow the manner in which you would like to have the funds ad-
vanced to you. Would you, for exa=ple, desire to have $1250 paid
quarterly in advance, or just vhat arrangesent would suit you best?
Aoy oethod you suggest will be satisfactory. .

Since the experizents are being underwritten by a rela-
tirely large group, it has been suggested that, as & zatter of con-
venienca, arny coazunications regarding the worx be addrrssed ta e
and I will, where necessary, comuunicate the contents thereof to
Mr. Simpson and the other parties. You will be provided with funcs
by either Jotns-Manville Corporation or Raybestos-XMachattan, Incor-
porated and we or tisy will secure [roa the other parties thelr

Jru rata contributian.

I will advise you later of the names of the other con-
tributing parties. /

. 1 shall 3jpprec!ate your inforaming ze at the earliest
possible mowent whether the arrangement as outlined herein meets

with your approval. t

Sinzerely yoqsly

7 7("
Yandiver brown
GCenersal Attorney

df
x
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k. ' Tu:: Sarsnac Laccratony ron THe Stuny or TuseacuLosis
A : , or )
TH2Z DDWARD L: TRUDEAU POUNDATION
) ' pT(CEINED
. FOAT NPPRICE B¢ \”l 3
N - T cnuncat sTarsmy vy W .
. - Saransc I_AIZ... N S N -
" ' : ‘ _i:.‘- £
. Hovumser 23, 1936 2.
. i ‘ , Ké ¢ ‘L'
, : N '/ i3
M. Vendisvoep sdrotm . ] oo .r--"""’;
. b‘)
Johns-ianville Corgoration : . T & 1RLEe. > o
22 Zaoat J4Cth Street . ] ) :
Hew York City ' _
. Dnar v.r. Brown:
" Your authorizatisn to procecd with ths
p“ono"eg asteatesis exyeriments at the Sarcnuc Lakoratcers
) -.A3 aclmicwledged with sntiafactlon.

\le boliave that such eXxperimontz can bo 8xX-— ,
teci2d to furnish asnwors to ths quoations wh*ch you havwo
outlinsc. 1no ‘esticrted cosat of. 35,0C02nnuclly for o poriod

of threo yeers, making 2o total of ylu,OGO,.is corTecT.

. Your zuggecstion to malie advancod guarterly
w111 bo entiroly

pavments of 31,250 satisfactoy to the
Laborutory. If thils 4is not convonient any oth" arrang

F
. that you may cere to make will bo acceptadle.

scenne

Thc sarannc Laboratory ag
thouse studies zhull
ancd thut

approvul

rvea thut tho reasulis -
become tho propcr“j of tho con:rib&to"ﬂ
tlz manuscripts of any reports shull be subzittoed fc'
of the contributors bofcru p b’icution. SR

. ...'._.
.o bR SR ——
.

I woulc “CC«;and t“ t uhe Fxror monts oo
‘marformed with oure Janudian z2stestros Cibry contnLninG ru-
intiveldy littlo seruentine pucx aisc.’’ ‘ine "Kings Floota
ot in our f'irat expsriizent wuz unauntiafactcry oaing to tho
fnes thot it contained such a high conce

ntrution.of non-
fitrcua rock dusu.._If thiz mpetes with your spproval I weould
SUE(_OJC \—Iu-’»t g 3emp

lo bo ‘sthmitzed to the Lnbc*nto*“ fer
chomical and petrocraﬁth'anuljsin.

) Ha7ing :utuully’bntisflod curuelvsa a3 to tho =
ratoricl to be used I wruld request that the companinss agroo

to asunolT n surffirinnt wunntizy O aceatos, Krounc Lu chu

finoar shtato‘of sulbdivision posaidle. 1 oxm a0t uwurs &i.wthor

ary o0:.the contrioutors huve eappututua cupable of roadicing )
fibres to‘innaluble dimonslons. If thea roauosu should not = - am

PNV PENP
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prcve rractical some arrangemant {or ita finel recucticn
will, kn"o to beo macde by tho Laborotors. But et louwas tho
materianl rvceived by us should bo broxen to powder.

'lt i3 imposzible to estizato tho exount of
matorial nocosdsary for the expariments &t the present tizo
B3 1ta behavic: in our cduating apperctus has never boon
dotorzitnod. With tha “RKings Floata" testa aspproximatoly
12C0 pounda a yenr worn renuired. It {5 concoivable thut
a purse [itrous gust mizht bo dissigated ilnto tho at :03phere
morso rapidly and honcec even s lnrger qQuantity would bo
nucossary.

-

wo are rendyry to stort tho work at any time and
#1ll bo pluaczed to exnmine sumples of cust as soon a3 peiiles
can toe procurod.

-
-

Thunkiriz you for your .cocop oraticn 1in ArTonging

“thi pro""um I ad

» Hith bost régnfd:,

. ' Sinceroly Fours,

LN F et

Leroy U./Garciyfer, M.D.
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Gnwving Do, Jensa's adessss,
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of that She compumy dae & Cafialdte Job Vo do {n Genada V0 offeet the

.offoate of & lot of rm.ll(nn s Yoou dons 12 relatien %¢ %he daruful affests
of asdeshos ust, e axpreseed the opinien t2at & repert, if prepared ¥y Do, lnad
aleng the 1100 sutiinsd, veuld bo of ao’.erial Delp %0 the WPy,

. . , _
Seferriag to Iv, lgneh's statensnt to Dv, Lanm that b veuld eee Lf the material samt
his esuld Vo gat iate Spudlichalle® ferm, Mr, V. Brovk culled attention V¢ o stipulation
1a ur arvengmmmt vith V%o Barenne Iaderatery vhieh previded that fhere veuld %o o
padlication of She zowults of expovinents vithent our consent, Ko said, 1f 1% does tamn
ost S0 %0 the sovt of repert we weuld %o glad 0 have pudliched, e beped Dy, lyash veald
set 1aolude any edjestionadle material frem our point of view, as, for azample, aay rele-
tioa detveen asbeston dust and cenesr, vask 80 120 referense whish Dr, Sardaer dad sade
%o ‘his 18 hie nesograph. 1o atded, 2at oven \hengh %00 zopert osntalaed seme naterial
that wasa't 400 faveradle, frem our peint of view, wo still veuld pretably Vs villiag to
bave 1t pudlished desause of ths banefit %o Vo gninad frem $2s dalanee of $2e repers.

D, Lanss asvared Nz, Breva that the intent of tDe statensat in g@uostise vae that my
zopert propared V; v, lgush wuld £1ret Yo sutnittied 40 Jodno-laaville Before detang
padliched elosvbere,

Nr, Ficher comented 32at ho woulda't went to 000 aay reperd en asbentes ‘ens theusand
poreeat pesfest®. 5o maaticnsd the oight &ust csses vhich had Yeen filed agaiact e
ocmpany &% Asdestes g W0 Jast e oF three years, all of vhieh hed Yoen summarily
throve oub, and sommauted upen the fash that thie @uick astion :
of the cases 2ad 2ol sn adverse offest vhere commuaity epiaien vas eencernsd, e o ro-
‘ astion had Yeen nene 00 good, : 5

Mr. Yoodard remeszkad that the 2inth eaed, hovever, dad turned eut quite differently,
~sinee 14 Loveloped Shat V2s indivitusl iavelved was reperted %0 dave ded lung edanges
aad pathelegion) adanges, whish had 3ot desm feund in the other oign,

%.
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T | PLAINTIFF'S

Prasaat versi Ae 7o laaza EXHIBIT
R, 'o L“

S de R, Tiaber ML~ P2y

A, 8« Daaatast
Ye Zroemm
O0d Yo ) CET
Te Xo Lrustireng
. He Mo Jasksoa
=i . 7o Ro Exnilten
- Jo P, Yeodard ...

F:'. Yosdasd served x5 chairama of ths meesting,

The meviing vas ealled t¢ orisr shorily after 3 PJ iz A2, Mahar's office. ¥o agenis
" had deen preparsd, ths meeting primarily having deex called for ths purpose of hearing

& repert W Ir, As 74 Lansa, 8f 2o Nedrepelitan Life Jasurazce Oowpary, summarisisg ibs
PTesaat siatus of the axpeTiments vitd dlaVemssecus eartd at the Saranas Laderztory,

e eh:.i:a:i dispensed vith a reviev of $he (ndustrial Xyziens prodlems at loxpos vhieh
2ad Vean covered i3 a previces meeting, and ixrited Dr, Laxzs 30 give a repert of ths
{aformation vhieh hs had gathsred oa his reoet $rip te the Saeraxas Laderatery. '

fgport Vr Dr, Laass . 700011996
Dr. Lansza revorted that doring his recext visit a$ Saraxzss he Bad had access to all the
zenorands and notes left by the lats Dr, Gardner, and hs had talked with practically
sverybody there vho was concerzed wvith the verk. JYortunately, Dr, Gardasr hsd had a

very cavable secretary, tut, uafortuzately, shs had werked for him enly approxizately oans
year befors he died., VYhile har ovn knovledge ef ths experimsats did net go back deyond
that year, shs 4id have at bher finger tips everyihing that had lappened during ths year
and shs vas also adle to provids fremths ﬁ.ln sadstazbial m.mtiu iz coanection vith
. earlisr sxperizents vith asdestes.

Evidantly, Dr., Gardnsr had plarmed %0 issus a earprohouin artisle ox Asdestes: {is
affect o3 animals, its effect om luman daings; as well as related resesrch prodlaxms,
prodnotion predlems, ths centrol of dust ia 4iLfereat kinds of industrial plants, ete.
He had prastically finished the part of his report dssling vith the effect of asbestos
dust oz hn:u boi.nss. and had annotated the rest of 4%, nkl.n.; mgh notes and cmun.

?e Langa mtl $to Dr, Kenneth Lru.h at tha Kodica.l School i Cwluton. 8.0+, vha bhad
eon a.uooiatod with the late Dr, Gardner snd hixself on a lot of the early work oa
asbestos cases,” informsd him of ths situation as he had found i} at Saranss, and, as far
as deing adls to provids "smsoth aopies’ vas concarned, told him 1t had b"n uru;od te

havre ths late Dr. Gerdner!s searatare wale 4he 2anacsces acelan -1 &



' ; : \/‘ ‘ .,3_ EXhlbl
Dr. laxxa Mas iaformed Dry Lymsh thit ths matarial vill de fervarisd 30 Rim as soen as {4
{s ix shape so that ke vill xet have to 1y teo (eeiphar tha late Dr, Gardasr's haadwritlag:
sad Xo kzs received a rvply $9 the offeet thas, after Dr, lyach bes kad ax eppertuxisy 1a
sxzxins the material, he vill dsterming vhathay 13 La pessidls to put {3 tegeidsr ia
pdlishadls form, - : S T

Dr, Laasa plans to lsavs o= 8 $75p 10 128 Yesd Cesst adout $2s £173% of Podruary oad has
advised Dr, Lyzeh tRat b will arraeags 4f pessidls te hare ths material saat te kim de-
fore that tixs, dxi, shsuld 15 et Do reedy then, 1t vill Yo trzasaitted 2sTertidelsss

exring Pry Luaza's adecnss, :

Br, Laxsa said de vvild Xesp 42 touak with J-X adeut txis, asd alss adout vhat Dr, lna
cenclules s can do vitk the materisl, Xs stated 1Dat $hezs vas quite & 1ot w2 material
zad a4 loash the desis part—that dsaling vith the effest of asdestes dust ox hmmas

Yelngr—secasd ts o fairly complute and ke Mellered {1 venld nake & naticfaatery repeni,

¥, V. Breva (agquirsd as te vhather D7, lansa tReugkt Dr, Lyash vowld attexpt ts predmse
128 eatirs werk ceverizg "zadestes’ vhieh Dr, Cardansr had had {2 nisd, or whstdar he vedld
coxcextTato only on $2e part dsaling witk ths effsst of asdestes dust sa hmman deligs;

te vhied Dr, Lanca replisd hs 448 20t Xzav, sinsze Dr, Lyach vould not (eeids adext {8
xatil after he bad recsirsd {28 nstes — Bt hs was Roping idas all eof &% ceald de put

ixto ssme sort o7 dhaye,

Xr, Xrova rafarred te tha tosts vith asdestos vhish Nr. Takzal, of the Ketropelftam Lifs
Insurazce Ge,, had cendusted at the Xines some time age, and sugzested $2at Dr, Iymsh
right make use of the (nfermatioxn edilained fraom thase tssts, (X sexusotion wiik ths werk
whish ke is adout %9 wadertake. Dr. lanzs agreed t2ad this aigkt Do doma. -

Kr, 7ishar remarked thed the cempaay kas a dafizise Job to do {2 Canada Vo offsed $he
effeass of a let of prepagaadizing that has deea dons {2 relatiea %o ths harmful affests
of asdsztos-dnat, asd 2s expressed the epinion that a repsrt, £ preparsd ¥y Dr, Lyaar

[qu tha ;wtluﬁ: vorld ds of material Raly to tRe coxpexy. .

Esferring to D2, Lyach's statemend to Dr, Laxm that b veuld see 4{f 4hs material semd
Mx conld do put {xte ?padlishadle® form, Xr, V. 3rovz callsd attsntlon to a stipwlatiex
in our arrargeasext vith ths Barzaas Ladoratery vhieh previdsd that thsre voxld ds 2e
Tablicaticn of $2s rosults of experiments vitheut eur cozsext, Xo said, {f 4% dees tum2
out to be the sert of repert ve vould be glad ta bave pabliahed, ks haped D7, Lyach vorld
not include axy sdjectioxadle material from our peins of view, as, for «xaxple, sxy rsls-
tion betvsen sibestos dust 234 canoer, suoh as $he refersnce whish Dr, Gardaer had mads
to this in his momsgraph. EHs added, tRat evex tdough ths repert contained scme material
that wvasn't $oe favoradble, from ocur peizt of view, we still vould prodadly e villiszg te
bhave it pudlished decsuse of tha bemafif te Ve painsd fTom the balancs of the repers,

Dr. Lanza assured Kr. 3reva that tha {nteat of the siatemens {n quastion was that xxy
Teport prepared ¥y Dr, Lyxch would first de sudmnitted 30 Johns-Naxville Mefere dolng

published elsevhare, .

Xr, Fisbar coxansated that hs wealdn't want $0 see any report cm sidastes Toxe thousaad
perceat perfect’. Hs mentionsd the eight dust cases vhich had Deen filed against the
company at Asbestos during ths past two or thres years,“all of vhich had deea summarily
throwa out, and commeated upom the fact that this quick sstiexn vith respect to all eipht
3f ths casss had had an sldverse effect vhere cormunity opimiox m concernsd, as the re-

actisn had been nems tos good. o ' s 00011997

¥r. Yoodard .r'auu-t&d thet the ninth case, hoverer, had turned cut quite differextly,
since 1% dsveloped that t2s (ndividual inrvolved was reperted to hrve hal Tww—

mewmd - av N



Exhibit

TOxs periistext treudle (2 ocexansstim vith the du
oaleined distemaseons eartX wvas that {1

wral suseeptidUity ¢4 pxecmeaia d 38 puines pigs Ud fx W2

»eatd, 2ad xp to kxgust, 1948, §7 puinsas pigs hed diod frem tils exmse. .
Dere vere si1ll sarviving 11 vitk 14 seatds axpesere, 14 vitd 7 maa
exposxrs; these $¢ Yo kapt as leag as prasiioadls far & s¥tndy of maxx
1xem o«ffectis, .

e —— a_, ‘
7
ixg

tAfder 10 mexikhs sxpeswe ths maximm «ffcets sf ths caleined sartk vere
2 dsfinite fid¥rasis ia the luxgs, Wt = wmzsmal fareigy Yody reasiina
vith chroais ixflaxmation sand wxliks that ebtained from the rev, he
shanges aated 12 ths lymphetics eugrestod 249 & £idTesis of tke sill-
ootid tyys wwnld later sppear, -

Iz faxu.ry. 1'm, the dust consmirations were {asreased vitdient axy
netadle change, This was doxs for 4% vas Sdought that $the dxager of
‘precmonia was eTer., Ons dusdred aad fiftsen mere gxinsa pIgs vere added,

$Injeaticon exporinexts izte saimals, tXat 45, ixtrsrensss, ixtrsvasomixr,
intratrachml, and {nie the Reari, wers all cexplated some coasidsrzdle
¥ims age, i geraral, they sdov that the Tow aad patural earth kes vhags
Dr, Gardasr onlled a Plus 4 Zading ox 2is scule whick goos t0o 2det & - -
peinte (trrifaite), Alss complesed vers 3 fadalsiiom erpariments uu

~ rex Calite, wring ouinss pigy injected ales vith a xild $7pe «f taderels.-

¥o mariesd changes vers shsvr from this experinext ul Re tuauy to

esxise spreed of dlscase,

-

"oy wadervway ars wperismants using calsizned sarix viu xiratrackeal
1ajection {a igs wsing Eyfle., 3y $23 z-rzy refractisa methad,
$xis shaws 249 eryriedalite, This vas 124 sartl caloined vith seda -
ash, Ianhslation experiments vere carrisd sx vitd ruinsa pigs previss
$0 axpasurs $0 fxderele ixfoction, aleag vitd twdersls (xfestisa, md .
after experars $4 fidarcle ixfestisx, TMsse cxperimsats vill csatixxe
for at least sns mere yoar; alss (kalatiea sxpezizsats vitd er
vithout any added {afection, ) ]

SThe indications are so far that Eyfle stimmlates tudercls infestien.®

It wes felt that ths conclusion reached at s ead, $¢ $2a affest thet ths indicaticas
are that Eyflo stizulates tudercle imfeotion, was rasher dlsgturding and vas tks pars
of the Tsport that might give ws some cenmosra. DRr, lansa was asked for 2is oyinisa
as to hov much tizs vould de required defore a dafiaite scaslusion could Vo reschad
about this, and hs stated thet 14 prodedly vewld taks wztil the ead of $hs Jear; he
thought the technician who bas echargs eof ths dnsiing of azimals would have te carry
on his expsriments fer ths rest of ths year, sad, Xy tha time ke gets threugh, the
pathologist will have Yeean adle te catoh wp vith his interpretations of the slides.
He added, that vhezs he gets Dack from Ris trip te the Yest Coast, adeus the first of .
June, he would liXe te go Back te Saranss, as soon a&s youin. after thﬁ, ‘M nu
eut just vhat pregross has Jsox a.-ia e P

To ax {nguiry from Kr, Zlseabast ss to vhather 'the udiaatiou are tiat !7'1‘1‘
stimulates tuderols infection! wvas the late Dr. Gardner's epinion, Dr, ‘Lans,
replied that {% was mot, dut that it wvas Mr, Delelan's ixpressioz, and that hl is":
considered a very experisnced nam, Xr, Xlseadast laquired further vhethsr thare
vag sny evidanse that Dr, Gardner had reached asy sush ounlv.tl.n hinself; nl. -

Dr, Lansa a..u-rtd {n ths negativse. _ SR
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Xr. Xlssadest alse referred to a previous requsst hs bad msds, thas Dr, lanra edser,
1f pessidls, at Lszanas ea the dnsting cperimaxts vitk 2 saxple of Listomacerns
sarth wkiak kad 2ome frem ths Cerhart Rafracteriss, vhich vas found 34 comtais
shrrstedilite, and whish hed preduoed the results that bhad {aflusnced Dy, Gardasr!s
hinking. Lewpes has skipped natural povdars 3» OQerdary, Yt has sever shipped
fluxsd aalsised aaterial to tham, xid {nssmxel as ve had asTar sesma tis partiomlar
szxple of materisal {x vhich Dr, Garduear f4irsé 4dstecied chrrestedilite, Xr, Zlsendast
Tolt 1t waz of fa%erest %o dateraing tX9 ssuvce and erigin of that sxwple, Tais
prospted his {aguity as te vhether Dz, lenza bad fomad axy refereuce to 4% {x the
1aty Ir, Cardasris zstos,

DPr. laasma stated that wiile he had net deen adls %o make & check ox this sxapla,
o thought 4% vewld net Mo 4iff{eult for axyone to o¥iain the desired Wxfariatian
Yy writisg te Jarzzas, as $hey prodally could previds {3 from ths recerd t)ur e
thars of mxmders mmu the 4ifforea’t samples wsed i1 sxperimextis, .

Xr. Xrove expressed {ouvt that Dr, Gardusr haid carrisd oz axy (utin; experizaxt vith
the sxmple in questisn, The "Coriart’ sxzple had gires Rin the clus aad, in fellovizng
wp that elxs, ks Bad syalyzed seme Lowpoe fluxed caléoined material asd foxnd o )

stantial percentaze of ahrretedilite ix 1. Xs knov, vhea As found material ritk tals

por‘utm of ahrrstodilite, 322t he had s 'had aster?,

xr, Ilmh.n contendnd, however, that the Corhart material—ts vhich a zxa's dsatd
dad Yooz attriduted, cerwld have desa 3 product of diffsrext preperties frea Efls,
or the perosatage of ehrrstedilite it cantained might have desn greater thaz {3
Erfle, and for t2is reasea Be Yelisred 1t Ltportm to 377 %0 ertadlish ths seurce
and origia of ths Cerhart sxmple.

hfquapﬂuhmlm coxcarzsd, Mr., Xsexdagt theugkt {1 ahould o estad-
1ished vhsthar or nat ths pXysislegical «ffect is cxxsed Xy t2s particls sise of
the dast xdaled, or Yy the chamical make-up ¢f $he material,

Dr, Lxazs edserred $hat ks asdestes produst preduoes ths «ffect mechanically,

Yith xaterials that are chemioally astive, Rovever, »e said the finer they are, the
pers sotive they are, Hig ixpressisa was that the teckzioinx at Barazas takes ths
Erfls powder just as ha receives it frem Lempoo (vhisk is t2s regular sommercial
grads), and that {t has maxy particle sizss ia 4%. Hes premised, hovsrer, %o write to
Sarsass ud inguirs vhatler 1% vas wsed Just as it wvas recsived, or vhatdsr axy
effort had deen mads to separate it and wse d1fferext particls sizes L tha dosting
experinents. Eas sdded, that ks Vellered ids teckaician veuld reutinely Monm

viat the average particle sizes wers,

Belief was axpressed, havncr.’ that ths determimation of nu fasts vcmld hxve 28
effect 4in changing the industrial dygisne predlem a¥ Loxpoo or the experimazts deing
nade at Saranac. Both fins and cearis materisals are {xvolvred {n the prodlem
affeoting Loapos, aad it was felt that me furthar $ims nsed de lost in coming to a
decisior as to vhat must De dome to contrsl’ ths &xst situstiex at that plansd.

Clesing

Bafore leaving thl neeting, Dr. Lasza offered his services in axy capacity vhilc oz
ths Yest Coast during the nart four menths, He was iafermed of the coxpaay's desirs
to engaze a competaat Tentilation Raginesr at Lompes. EHa eaid hs would Xesp this (a
nind and let Xr, nun’out Xzow if hs somes acrogg an applicant vhem he conld recem-

nexnd, PLAINTIFF'S
EXHIBIT

onn1o00n

A0 -Degenae, N K
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Yhax nemtion vas mads ¢f the taxt deok viioh vill deal witd *Jilieseis’, zad «x whicd

3r, Johasom, of Los Lagsles, is presemtly aeagel 2 vrittag, Pr. Lazma rtated tRsd M
ey Dr, Jekzsea vell mad dvuvilons vould discuss vith Rin, at Les Aageles, Ais reeen:

m&ﬂthtnpuﬂhforthh&nrnﬂcridntktmm saril xiish wve kv
$o ds somnd, .
‘e

Xr, Jroms n“uh( to Ir, Lazra that, shewld he hare scessisz t¢ falk witk Pr, Smart
in Lot lageles, he might vazt te discass vith hia a ressnt rvpert he had mrds of 2
exse vhers 2o delisrod distemsseons earth had had the effect of retardizg, or sealing
oL, the progruss of tadercilsasis {n a sertsia (adividnal vis, if 2s had Yo mn
ordinary oxsse, vn.l( have disd a$ a muck sarliser date thaz he d44.

Xr, Luuu.hsh.qubr Lanza vemld visit Lempeec turing his visit to ths Yeut Ceart.
Dr, Laxza asexrod him thal he expestied 30; snd Xr, Tishar ssgrested that, vhea he
visits the plaxt, hs it Lovn 3l 1alX sver (néxstirial ygisas matiars persemally
vith Xr, Yestmont, Tathsr $kan vith a ¢roxp of five or six peeple. XMr, Yestnoat, De
said, kad o mers {xtiuate nad Yhervegh Xasvlsdge aad waderstasdiag of the vhels
prodles vhich hs oeuld dettar iwpart iz & cexrversatisa alone vith Dr, Laasza thaa

2 oonld if a larger growp were sallsd (a,

Rr, Jaara asked XNr, Xlseadast to ixfora Nr, Vestacat that bs prededly verld Ti.it
Laxpec soaeiize tuh.‘ m lattar part of Todruary, .

%r, Yoodari assured Dz, Lnn. that all thase p:runt tllt quite relisved ever th
astes ha had deen 2dle 30 oViain from Dr, Cartneris files, 23 vell as the repert he
had nade ox ths experimeats in progress st Sarsnas, for it aev semed Gparesi that
the coexpaxy vould geot prastioally all tkat 1% wvonld have got had Br, Gardnsr ast
died, sxcept, of courss, hls evz wrpart ixterpretatioz of tks exparizemis,

s b Ixiléma

oon1o2nn4
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~ THE SARANAC LABORATORY
OF THE EDWARD L. TRUDEAU FOUNDATION
SARANAC LAKE, N.Y.

LXROY U. GARDNER, M.D,
pirwcToR February 27, 1947

Kenneth . Lynca, i.D., Dean -
lledlcal College of State of South Carolina.
Charleston, South Carolina '

Dear Dr. Lynch:

Dr. Lanza has asisd me to get togetller and send to jyou all
pertinent material in connection with the report Dr. Gardner
was preparing for Johns-jManville, and this I have attempted to
do.

In one folder you will find progress reports tiat have
been made from May 5, 1937, through February, 1943, when
Dr. Gardner suomitted to Johns-ifanville an outline of a
proposed monograph on AS3ESTOSIS. Attached to the monograpa
are various data identified withr Lit. I have copied from

- Dre. Gardner's notes his comments on papers on the subject

oy Dr. Gloyns and Dr. lierewether, also two outlines wiich may
be of interest to you. There is also enclosed a draft of a
paper oy Dr. Gardner and ir. Donald E. Cumuings; apparently
this was to follow the 1931 preliminary report referred to
wnich was published in The Journal of Industrial IZyziens,
Vol. XIII, No. 2, February, 1931 (reprint enclosed).

I bave included considerable data on the susceptibllity
of animals to lung tumor, since this has a bearing on the
ASEBESTOSIS groolem. Dr. Gardner intended to carry on further
investigation in this connection, and undouotedly his successor
will wish to do 30.

In a second folder are a nuuber of reprints, and in a
third folder, the ililustrations Dr. Lanza used in als bvook
"Silicosis and Asbestosis."

All of tiis material, of course, we would eventually
like to have returned to us.

There are many gabs, I kno#, and if you will call on me
from time to time as the need arises, I will try to provide
any additional data which you may require.

Sincerely yours,
Q N __RM

(iirs.) Lillian R. 3linn
Secretary to the late Dr. Gardner

SC: A. J. Lanza, ii.L.

?.5. The above is Leing sent to you by Railway Eapreas. Please
acknowlsdge recelipt. ARY



Progress nseports - May S5, 1937
April 1383, 1333
Decsmber 3, 13338
Decexiver 14, 1339
Rovember 30, 1940
Decamber 4, 1340

Proposcd Monograph - Pebrucry, 1943 (accompanyin,, data)

Two outlinss

Drait of & peper by Dr. Gardner and Hr. Dorald &. Cummlngs.

Experimental data

_"-\4

Pebruary 2G, 1947
- Bnclosurss to Dr. Lynch

4

Dr. Gar'dner'a comzents on papers by Dr. Gloyne and Dr. Marewether



Public Health Bulletin Ho. 241 = A STUDY OP AS3ESTISIS IN T
ASZESTOS TEXTILE INDUSTARY

Special Bulletin No. 37, Comaonwealth of Pennaylvania, Depart-
ment of Labor and Industry, Harriaburg, Pemns., October 1,
1934 = ASBESTUSIS - Part I

Specin.l Bulletin No. 42,Commonwealth of Pennsylvania, Depart-
“wment of Labor and Industry, Harrisburg, Peanna., September 20,
1955 ASBE370S1S = Part II and Part IIX

E-print ¥o. 1665 from tha Public Health Reports, Vol. SO, No. 1,

Jamuary 4, 1935, pp. 1 to 12 - EPFECTS OP TH= I!!HALATIOB or
ASEESTOS DUST OF TUE LUNGS OF AGBESTOS WOARXERS

Repx'i.nt - T3 MOR®ATIOR QP THE ASBESTISIS BODY IN T LUXG by
' S. Roodhouse Gloyns, K.D. (reprinted frum ‘mbercle, Juns, 1951)

Rapri.nt - THE MORBID ABATOINY ALD HISTOLOZY OF ASBES‘JSIS by
S. Roodhouse Gloyne, N.D. (reprinted from Tubercls, July,
August and Septa:xbor, 1.333)

Reprint - A !E!ORA»DU’B ox ASBESTIJSIS by E. Re A. Herswether, ¥.D.

(xl-;pri).nz;ad from rubarela, Hovermber-Decsaber, 1333, Jama.ry »
34

Booklet - TEE PROCUCTION AND GRAIDING OP ASRI:TOS by Johnson's
Company, Thatford Hinsa, Quebec, Janada

Reprint - JARTIIEZ JPERATIONS BMPEASIZE INDUSTRIAL HYZIZHS PROZILM
OF AS3E3T08 IMDUSTRY (reprinced from The Illin:is Abor
Bullctin.. Pebruary 28, 1543 lasub)

Paper - AIR 3AUPLIAG OF ASBESTOS DUST, COMPARISON OP‘ I!PIHGEd AXD
ELECTROSTATIC PRECIPITATOR NET:I0DS by J. Wm. Fehnel (gi
. bafore ths Twenty-fourth Annual Meeting of the Amrican
Asacciation of Industrial Physiclans and Surgeons with
Amsrican Confersncs on Occupational Diseasss and Industrial
Byglene, Cleveland, Ohlo, Juns s-e, 1939)

Illustratlons used in book *Silicosis ‘and Asbestosis® by A. J.
Lanza, X.D.

February 28, 1947 | .
Bnclosurea to Dr. Lynoh L 2l

w’
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March 10, 1947,

Pr. A, J. Lanza,

c¢/o Metrovolitan Life Insurance Company,
600 Stockton Street,
San Freneisco 20, Calif.

Dear Doctor Lanza:

I have received the material from Saranac
but have not yet had time to even review it. I

- shall do- that as soon as possible, in relation to

the pregent very pressing season, and shall then
let you know my thoughts on the whole pronosition.

With best versonal regards, I am

Sincerély yours,

Kenneth M. Lynch, K. D.,
Dean.
CC: Mrs, Lillian R, Blinn
Saranac Laboratory,
‘Saranac, N. Y.



THe SARANAC LABORATORY
OF THE EDWARD L. TRUDEAU FOUNDATION
SARANAC LAKE, N.Y.

Leroy U, GArRONER, M. D.
SinEcTon

‘March 18, 1947

Kepneth Y. Lynch, M. D., Dean
Hedical Colleges of the State of South Carolina
Charleston 16, South Carolina

Dear Dr. Lynchs

Enclosed are copies of an exchange of letters with
llr. Vendiver Brown of the Johns-Manville Corporation, which
I believe you will find entirely self-explanatory.

You have no idea how grateful we are to you for ac-
ceding to Dr. Lanza's request that you undertake to bring
Dr. Gardner's notes on asbestosis into transmittible shape.

Sincerely yours,

CDCL ..'m.@mn;—;—(%

MB:AD ' Manfred Bomditch
enc.. . Field Director



© THE SARANAC LABORATORY
OF THE EDWARD L. TRUDEAU FOUNDATION
SARANAC LAKE, NiY.

Lezroy U, GARDNER, M. D,
OIRRCTOR

%r, Vandiver Drown, Secretary
Jolmo=~llanville Corporation

22 East lOth .;treet.

Hew York 16’ Be Lo

Doar Xr. Browm:

ply wditb our sugpestion and am doing so by gendi-g D Lynt;hccpiea
of your letter and enclosure, and of this

those designations is not clear Cref/ine sbsbruch cod I find that we do oot

hsnthaoﬂ.gimlpsrer.ﬁm vy las mosr for an extended stay and
I am sure that this was ope of the\mam

exchainged notss, thongh the paparns\mo :hlyanbud.ttad for "mblic‘tionbo-
fore Ling left Englande I am takding sacnnacopro:thepapor.

. trangcrided and sent to

1oy, cancer
o ) ) 33t3e 12,33 af
shott 1 Wﬁm
EEI—— the average for QWWWN: TaTHIT
than concluaives—

M

The above quotations from Dr. Gardner's notss m-gimmlrforthn
parposes of this corresporxience and should not be regarded as anything mors.
To what extent theay may be modifisd, in the light of other findings, in the fina’
report remaing to be seen,
Sincerely yours,

B34l .
Hanfred Bowditch /“ L
Meld Cirector -



"METROPOLITAN LIFE INSURANCE COMPANY

ONE MADISON AVENUE, NEWYGRK 10, N.Y.

AntrRONY J. LANZA,M.D.
ASSOCIATE Mepicar DmrzcToR J-une 25’ 1947

BEEALTHE AND WELFARE

Dr. Kenneth M., Lynch

Dean, Medical College of the -
State of South Carolina

Charleston 16, S. C.

Dear Dr. Lynchs

' I bave finally returned from my stay on
the West Coast.

I am planning to go up to Saranac on .
July 8th for a couple of days as I am anxious to
confer with Dr. Vorwald., Before I go up, I would
appreciate it if you would let me know what the going
is with respect to the Gardner material. Is it work-
- able and if so, when do you think a report will be
available?

With best regards.

Sincerely yours,

‘Al J. Langa, M.D.
. Associate Medical Director



June 30, 1947 .

Dr. A, J, Lanza, ‘

Agaociate Medlcal Director, . -
Metropolitan Life Ingurance Co,,

1 Madison Avenue,

New York 10, New York,

Dear Mr, lLanza:

Followingour previous correspondence I received Gardner!s
material and ag well as I could, during the extreme pressure of
wvorking on a large legislative program here, I examined it in re-
lation to the expressed desire that some publication should be made
of it, possibly even a monograph,

I cams to the tentative conclugion that the more ambitious
type of publication as a real monocgraph is questlionable, but that
the partially completed manuscript which Gardner left could properly
be publiehed as a final report upon the experimental program which

80 far as the immediate problem was concerned, had been complsted.

‘Then I got involved in finishing u§ the year's effort and de-
cided to delay my decision until I could review the question.
Your letter came Just as I was turning the matter over in mind again.

It appears to me that to use Gardner's material in a monograph
in whioh the writer would have to set forth hls own views and add
material of his own would be neither fish nor flesh and might be foul,
to use a bad paraphrase, Although Gardner's material would be used,
the view point would not be his and the writer might not be able to
accurately represent him, try as he might, Also the additional material
necessary would not be Gardneris, In other words, to collaborate with
anyone, posthumously, without that one having even contemplated it,
perhaps would not be proper.

On ths other hand to submit his manusoript for publication
practically as he has it written, with an explanation, would be to
properly represent him, He undoubtedly meant to add to the manuscript,
but it is worthy as 1t stands.



Dr. A. J. Lanza June 30, 1947

My present idea is that 1t should be sent to the sanme

publication as CGardner's first report on this study and entitled
as a final report.

Please discuss this with the people in Saranac and let
me know what you think and 1f any decision is reached,

8incerely yours,

Kenneth M. Lynch, ¥. D.,
Dean.

DML:r).



A. J. Lanza. M. D.
ONE MADISON AVENUE
Nzw Yorx

July 2, 1947 /

/,. ,W

Dr. Kenneth M. I.ynch -
Dean, Medical College

State of South Carolina

Charleston 16, South Carolina

Dear Dr. Lynchs

I am very much obliged to you for your thoughtful letier of
June 30th and quits in agreement with what you saye.

I am going up to Saranac on July 8th and will spend a couple of
days there during which I will have the opportunity of discussing this subject
with Dr. Packard and Dr. Vorwald who has taken over as Dr. Gardner's successor.
I then hope your suggestion that Dr. Cardmer!s manuscript be published can be
accomplished within the next few months.

There i3 a situation here which has given me and others who are
interested in the successful continuance of the Saranac Laboratory, comsider=zble
concern. It is almost ten years since various industries began making annual
appropriztions to the Saranac Laboatory for research in the effects of asbestos
upon human beings who inhaled it. In that time, those of us who have been follow-
ing what was done at Saranac and who have had the opportunity of first-hand clinical
information, have learned quite a bit, but there has been no authoritative pro-
nouncement embodying the results of the Saranac reseerch. This state of affairs
is nobody's fault, but it is quite unfortunate. During the war period, as you
know, Dr, Gardner lost, through death, three of hiz chief assistants and could find
no replacements for them. His efforts to carry on with all the added responsibilities
due to these deaths, I think, were largely responsible for his own death. In the
meantime, there has been quite a stirring up of activity on the part of State
Industrial Commissions and similar bodies in the United States and Canade, with
the result that there has been threatened legislative actions or procedures based
upon assumptions as to "the effects of asbestos which may or may not be correct.

All concerned are looking to Saranac for a reply to their gquestions
and it would be an immense help to both industry and comstituted authorities if
they could believe that some of the fruits of Dr. Gardmer's activities will soon
be available.

I will write you again as soon as I return from Saranac which will
be about July 1lth.

With best regards, I am,

Sincerely yours, ' LLfﬁQ’

A. J. Lanza, M. D.



METROPOLITAN LIFE INSURANCE COMPANY
ONE MADISON AveNUi, NEew YORK 10, N.Y.

ANTHRONY J.Lanza M.D.
ASSOCIATE MEDICAL DIRECTOR

HEALTH AND WELFARE

‘Tuly 14" 1947 , ‘_;:‘_‘_

. 'r’. . -~

Dr. Kenneth M. Lynch

Dean, Medical College

State of South Carolina
Charlesten, 16, South Carolins

C Dear Dr. Lynch:

. With further reference to my letter of last
veek, I have just returned from a trip to Saranac where I .
discussed your letter of June 30th with Dr. Vorwald.

I think we are all agreed that it is desirable
that as much of Dr. Gardner!s meterial as is workable be
presented at an early date. It would be best if you could
give .us such excerpts.of material as can be presented in one

article deeling with asbestos. Please let me know if this idea

meets with your approval.
With best regards, I am

Sincerely yours,

A. Jo Lanza’ “o D. :
Associate Medical Director

- 7/7//
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July 23, 1947.

Dr. A. J. lLanza, B
Asgsoclate Medical Director, ‘

Metropolitan Life Insurance Company,
New York, 10, N. Y.

Dear Doctor Lanza:

I am sending herewith Gardner'!s manu-
geripta as I have arranged, Joined and titled them
in a proposed single publication.

The: experimental report is left as it was,

exoept for the heading. Please pass Jjudgment on the
title and footnote. .

" Hls monograph outline of human asbestosgis
contains little 1if any significant material. No one
elge can write what he intended without it becoming
the writer'!s instead of Gardner's,

. On the other hand, the outline on experimental
ashestosls is more than that. It is really a summary of
Gardner's observations and is valuable and publishable as
it stands. I have put a heading on that part, deleted
seation 1, on *Methods”, and renumbered the other sections.

The whole makes somewhat of a bulky publica-
tion, but I bellieve that you can induce the Journal of
Industrial Hygiene to take it in this form. If not,
let's split it into two. .

‘ I am sending the detached Part I of the Oute=
line alSe, in order that you may see what I mean.

Pleasge aonsult with such others a8 Saranac
as you should and with the Absestos people, if that is
in order. Feel free to reject any idea of mine which ~*
does not seem best and oriticize freely.

¥ith best personal regards, I am

Sinoegely yours,

Kenneth M, Lynoh, M, D.



Dr. Lanza, Jﬂly 23, 1947,
Page 2 - N

P, S. T am retaining for the present the other mat-
erial sent me. Can someone at Saranac reddily supply
the references in the manuseript? I am a bit short
on time. Should Cummings be in this?

XML,
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(From Dr. Leroy U, Gardner's OUTLINE SUMMARY OF ASBESTOSIS)

9. Comnlications
A. Susceptibility to Infection.

i.

ii.

111,

Tuberculous. Asbestos behaves like most

other minersls in this respect
not like quartz, which specifically increases
native susceptibility to the tubercle bacillus.
This infection may spread for a time, but then
heals. The resultant fibrosls accentuates
that caused by the mineral fiber.

Non-tuberculous. Of no greater frequency

than animals inhaling dusts
of other kinds. Occasional epldemics of prneu-
monlia occur in our dust rooms, but these are
due to methods of housing rather than to dust;
they also occur in unexposed animals.

Cancer of Lungs. No experiments were parti-

cularly designed to elucidate
this point, but certain evidence suggests that
asbestosis may actually favor development of
tumors in susceptible specles.

a. In guinea pigs, rabbits, rats, cats
and dogs, lung tumors are rare.

b. When these specles were subjected to
. 2 to 3 years inhalation of asbestos
dust, the incidence of lung tumor
was not increased.

¢. Some strains of white mice to develop
tumors without apparent cause,

4. Such a straln of white mice was unin-
tentionally used in three inhala-
tion experiments with asbestos,

, @, Orf 1l mice inhaling long fibre asbes-
. tos for 15 to 24 months, 8 developed
malignant tumors in their lungs, and
6 of them had tumors in other organs,

T?g incidence rate, 81,8% is execes-
sive.

i



(2)

£. 0f 22 mice inhaling short fiber asbestos
‘ for not longer than 12 months, only
3 developed lung tumors, Rate 13.6%.

g. As controls, we have only the exper- :
ience with mice in other dust experi-
ments, For short periods, there wer:
51 mice exposed to 4 other kinds of

- dust for 10 to 12 months. Incldence
of lung tumor 1.9%. :
For long veriods, there were 143 mice
exposed to 4 different kinds of duss,
including pure quartz, 23 to 31 month:
For all this troup of mice the aver-
age incidence of lung tumor was 18,8%
the highest rate (25%) was in a sub-
group exposed to flint dust.

Thus the incidence of lung cancer in the long fiber asbestos
mice was over 16 times the average for mice inhaling other dusts
for comparable periods, and over 3 times the maximum for any
other group. Mice exposed to the practically lmerf short fiber
asbegstos showed fewer lung tumors, dIthough 7 times more than
Those in short exposures to other dusts.

These observations are suggestive but not conclusive evid-
ence of a eancer stimulating action by asbestos dust. They are
open to several criticisms. The strain of mice was not the
same in the asbestos experiment as in many of the others cited;
apparently the former were unusually susceptible, @ Not enough
animals survived in the dust for longer than the 15 months ap-
parently necessary to produce many tumors. There were no un-
exposed controls of the same strain and age and no similar con-
trols exposed to other dusts. It is hoped that this experiment
can be repeated under properly controlled conditions to deter-
mine whether asbestos actually favors cancer.of the lung.

o



THE SARANAC LABORATORY
OF THE EDWARD L. TRUDEAU FOUNDATION T

: “~
SARANAC LAKE, N.Y. /-" . RN
'_. \'/ N ).
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LERGN =g «GARSNE =N 8, - : v
ammw . /3.5;‘. * ‘% \E\'_
August I, 19473 \}‘ :"/_1
Kenneth M. Lynch, M.D., Dean . 'J\‘{ % “ 7
Medical College of State of South Carolina o
Charleston, South Carolina S S o

Dear Doctor Lynchrs

As you perhaps know, I have been released to lnactive duty
after five years and six months with the Navy. During the past
two years of that duty I served as Director of the Medical
Sciences Division of the Office of Naval Research. In that
gapacity my office enjoyed some correspondence with you..

Now, I have returned to Saranac Lake as Director of Research
of the Trudeau Foundation and Director of The Saranac Laboratory
in an attempt to dlscharge many of Dr. Gardner's obligations and
comriitments and to accomplish much of what he planred and en-
visioned. That task is indeed a tremendous one, yet my prewar
years of association with him afford at least some vackground for

the solution of the problems and issues confronting the Laboratery
at this time.

One of the problems relates to the collation of clinical and
experimental studies of astestosls accomplished by The Saranac
Laboratory. In reviewing these studies and related correspondence,
I learn of your kind efforts in editing Dr. Gardner's manuscripts
and recorded writings for purposes of a report and putlication.
This matter hes been discussed with our mutual friend Dr. Lanza,
who has kept the Laboratory informed by cories of corresrcondence
pertinent to such publication. In consequence, a COry of your

letter of June 30 to Dr. Lanza and his reply thereto have been
forwarded to me.

I recognize your concern and aprreciate the difficulty in

presenting adequately the interpretations and views which
Dr. Gardner recorded before his death. The manuscript which he
was preparing constitutes a significant contribution. Its publi-

cation alarms me, however, lest other evidence accumulated in

the past several months might have caused Dr. Gardner to revise
some of the statements which he recorded at that time. 1In his
interests and also because of the Laboratory, which must continue
as a lasting memory in his honor, I know you will agree with my
alarm. I am surethat Dr. Lanza would concur. Therefore, Dr. Lynch,
I would appreclate your comments and views so that our action con=-
cerning the host of studies, reports anéd publicatlons which we
contemplate might be prepared accordingly. C\

A%
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Eenneth M. Lynch, M.D. " August 1, 1947
We at the Laboratory would welcome you at any time
should you find the opportunity to visit us.
Sihcerely yours,

Cssm Vonusa

Arthur J. Vorwald, M.D.

Director of Research

The Edward L. Trudeau Foundation
AJV:LB

CC: Dr. Anthony J. Lanza
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ANTHONY J. LANZA,M.D. o .
ASSOCIATE MEDICAL DmrcTOR Do
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Dr. Kenneth M. Lynch e
Dean, Medical College of the - e
State of South Carolins :
Charleston 16, South Carolina

Dear Dr. Lynch:

I am in receipt today of a copy of the letter
Dr. Vorwald wrote you on August lst. I am not too clear about the
concern that Dr. Vorwald expressed. Howsver, I note that at the end
of his letter, he hopes that you might be able to pay him a visit.

I am going up to Saranac myself on August 1l6th. Would
you consider making a trip to Saranac at any time soon, possibly we could
meet there on the 15th. You can fly from New York to Saranac in about
an hour and a haelf, which certeinly takes the curse off that part of the
trip. If you could find it possible to come, we would be gla.d to tuke care
of all your expenses and maks resemtions for you.

Please do not think that I am trying to urge you to do
anything for which you have no inclination and if you feel that you do
not have the time to meke such a trip, or that it is ummecessary, do not
hesitate to say S0.

I have to go to Washington on Thursday so will telepaone
your office Wednesday afternoon to get your reaction to this letter,

With best regards, I am,

Sincerely yours,

t a4

A. J. Lanza, M. D.
Associate Wedical Director
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Charleston, S. C.,
Aug. 7, 1947,

TELEGRAM - straight message.

Dr. A. J. Lanza,
Metropolitan Life Ins. Co.,
New York 10, N. Y. :

(1 Madison Avenue)

ACCOUNT SCEEDULE IMPORTANT MATTERS HERE

UNABLE TO LEAVE AT TIME REQUESTED, LETTER
FOLLOWS.

(signed) K. M. Lynch.

Ky \O



August 7, 1947

Dr, A, Jo Lanza’

Agsoclate Medical Director,
Hetropolitan Life Ins. Company,
New York 10, N. Y.

Dear Doctor Lanza:

Following your telephone call Yednes-

- day morning, I received your letter nof August 1 and
I gsgume that you also received a letter from me
which was then mailed.

Because of very presaling business here i
during that time, I do not feel that I can make the i
trip to Saranac on or about August 15. If there '
ghould remain a reason for a conference there, 1t
is possible that I migh® make it sometime in September,
or I might at least get to New York City for a confer-
ence there, if that may be desirable.

Like you, I am not clear as to the reasons
for the concern expreased by Dr. Vorwald. However,
from the copy of.my letter to him which I sent %o you,
- you may see that I think that the course to be followed
should be decided by those on the ground. ‘ithout any
knowledece of what 1a in Dr. Vorwald's mind, I e#till
belleve Gardner’s material is publishable as it stands
and that nerhaps revision by anyone else might not truly .
represent him. On the other hand, if Dr. Vorwald is to carry
on the work, 1t should be decided whether Dr. Gardner's
efforts may be merged, with full credit to him.

_ I offer these suggestions out of a coopera-
tive interest, and I feel that the decisions should be -
made by you and him and your colleagues without regard
to any other cnngideration of my participation than that.

Incidentally, I wish to offer my congratula-
tions and beat wishes on your new connections which I
have seen announced. :

Sincerely yours,

WL,

Kenneth M. Lynoch. M. D..
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LEROE all GARDMER, M B
DIRRCTOR

August 8, 1947

Kenneth Mo Ly'nCh’ M.D.',- Dean
Medical College of the
State of South Carolina
Charleston 16, S.C.

Dear Doctor Lynch:

- I appreciate the expression of your opinion as recorded
in your letter of August 4 apropos the work accomplished by
Dr. Gardner during his many years of research in the interest
of asbhestosis.

All of us recognize the high degree of relative urgency
regarding the correlatlon of our experimental and clinical
studies for the purpose of a report for the sponsoring in-
dustries and for publication. Every effort will be made toward
an early accomplishment in that regard. I will appreciate
your continued counsel and advice concerning it, so that in
final analysls the contribution will be a creditable and lasting
record in the memory of Dr. Gardner.

Your letter of July 30 and the manuscript which you en-
closed have been forwarded to me by Dr. Lanza. He will be in
Saranac Lake on Saturday, August 16, and I will discuss the
matter with him at that time. Please know, Dr. Lynch, that
the Laboratory would be honored should you collaborate in the
final publication. This point will certainly be considered
at the time of discussion with Dr. Lanza,

With sincere good wishes,

Cordially yours,

Vo
Arthur J. Vorwald, M.D.

' : Director of Research

The Edward L. Trudeau Foundation
AJV:1LB
CC: Anthony J. Lanza, M.D.

Y
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ABSTRACT ‘
B i . : B
T\b‘:_\ \.--QA‘:- S-T"“ q = : .

Asbestosis 1s & pulmonary disedse caused Jf the inhalation of asbestos

dust In animels it’ i's ~“tharacterizefl by g/peribronchiolar” i‘i‘f}nraé_ig:i&"iéﬁ'mﬁg“ re

o aniul |
\ seens to b%Ec.he resal%ﬁmochanzca ather than chemical, frritation of
} \“ .
the tissue by asbestos i‘lbers. Onld the long fibers produce a typical
wct
reaction; short fibers %.re relatdve incrtg The filamented structure of the
PN YT A

fibers is an essential factor/An thé¢ mechanism of 1rritatlon) & character-

p?
J.stic tissue response can Y produc '\by non-siliceous é:wwell as siligeous)

b
fibrous wiperals. algtion of asQestog dust @pparently doee not alter
wo~ ¢ "f'-"'“é- D mw&x . s\wf"“Q

significantly the eoursé of _experims ntal,\tub;(;-culosw in gume pigs. The<
;"/asbestosis body, whi is a specifiq concomitant of aabestos;.a and forms
‘ \ soon after the entxf ce‘ ;:of the asbesgos fiber into the 1ung,W
prevent, further dfuage to the tissug by the fiber and thus Lins ¥ pro-
gresaion of the" reaction when exposufe ceases. Alunimm does not exert a
protective acion sgainst the tissuef irritation of asbestos :ibers as it

does against/ that of quartz particleg.
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2. ~Introducticn

Assrestesis i

tion of asbestecs

J F HUMPHREYS ATTY

FAK NO. 3043434188 o pqo

EXFURTETIAY syéws

" L

6 2 ‘ormn of pneumoconicsis resulting from prelonged

v ae JCRIP oo ML PRSP S T
.

~hala-

pote

=

duwst. Tue name asbestos, literally "unburnsble.™ is ol

thet of & perticuler mineral but is 2 term applied to a nunber ol diffzrent

minerals wnose craractecistic feature is a structure composed of long, par-

allel, flexible fibers.

This structure is uniqus bacause the fibers are

capable of repsgued longitudinal. subdivisien to unmits of molacular nroporticns.

In length the Tivers vary from a few microns ito six or more inchkes. Soms

wvarieties are stiffer then others but many are sufficiently flexible t3> be

sptn  inte yarn and woven con modified textila machinery.

2. Asbestoz Hinerals

The asbestos minerals are silicates of variable composition and belong to

the serpentine and the amphibole groups.

varieties.

Listed below are the more common

Amphibole Group

An§h0phyllite
Arpgite
Amphibole
Tremolits
actiroclite

Crocidolite

ke,
(e,
(Ca,
(ca,
(ca,

(Na,

Serperniting Group

Chyvuotile

Fe) silicate

Fe. Al) silicate

3g, Fe, Al, Na, X) silicele
Mg) silicste

Mg,.Fe) silicateo

Fe) gilicate « Fe siliczve

Vg silicate (hydrous;
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Tne f:u]ic of thz as-ezics 2 commercss is E',—y.:.e":,:f_le,‘ 3C.28200.2U5C,
which is mined in vhe Tuetford region of the Province of Qaegpec. Cracide-
lite and amogite are zisc used commercially but in much smaller amduntz.
Crrysotile occurs &3 veing jun serpentire. & winerz2l similz: in chemicai com-
position to cl'urfsoti?._._e 3o vhich exicls in mzesive form and is made.wo sf
microscopic fibers switiloul the parallel orientation characteristic of chrysc~
tile. The massive blue block serpeatine, which is smooth and zoapy to the
touch, is traversed by veins of fibrous chrysotile 7Yarying in width from &
barely perceptible line to six or more inches. The Iibers run across thg vein
and not lengthwise with the formabion.

Attention is directed to the minerzl brucite, ¥gO.Hp(, which is often
found in the ssme formations with serpentine and chrysclilzs and may be fibrous
in structure. It has no commercial value &t presant because its fibers are not
sufficiently flexible to be used in textiles but they are capable of repeated
longitudinal subdivisicn. Unlike other asbestiform minerals, brucite is not a
silicate and for this reason it has been a valmable tool in an experimental
evaluation of the action of fibrous minerals upon lung tisasue.

| 9&’“ 43
TV, EXPERTMEMTAL ASBESTOSIS .

For pany years studies have veen carried on :by the Saranac laboratory in an
investigation of the cause, nature and development of asbestosis. The present re-
port is devoted to Experimental Asbestosis. In it are described the animal ex—
periments with vsricus idinds of asbestos dust. Another report, to be prspared
and issued later, vill Ge conéémcd with dumer: AGDIFTOSLE NG Wil covies VL DSda:
agpects of workers whno have besn exposed to asbestos dust in an industrial

enviromment .

’/
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L1inough esbsstosie in @en is 2 chronic diszeze wilch reauires rears ta
develop, it is possible to raproduca in one or mare spacizs ¢f anilmal charsster-

istic tissue changes which are zimilar to the lesicns of humen asbestesis. Sioce

the life-span of the experimental zrimal is relaiively svert, 1t 15 not vossible

to~develop the characteristic lesions in snimels wrder he urual -AfGwsurial-con-

ditions. Consequently, Lo obtain a c:m-plsté zvaivetion ol ihwe tLissite respoase
to inhaled particuiate and fibrous materizl, it is necessery to accelsrate the
reaction by employing hizher concentrations of dist than wouls ordinarily be en-
courttered in indusiry. ¥hile conditions of exposurs are thus d&lfferent, the
information yielded by experiments with animals is invalusble in furnishing a
batter undearstanding of the reaction of the humsn crganism te inhaled ashestos

dust.

5. IExperimental Methods

For investigating the biological raaction of the expsrimental animal to the
various asbestos minsrals, two types of techrnique have bson employed, namely, the
inhalation method and the injection method. In inhalation experiments, groups
of animals -~ up to 100 or more guinesa pigs and sometimes smaller numbers of
rabbita, cats, dogs, rats or mice — arg kept for eight howrs a day in a cubical
dust ;-oom, eight feet in dimension, in which a cloud of zabestos dust is mzintained.
At intervals during the experiment, a few znimals are sacrificed and the tissue
exemined to determine the nature and extent of tha dust reactiop. Soms animals
are expased ior periods up to threa years. The injsclien sxperisents,. in which
the dust, either dry or suspépded in flwid, is introduced into the enimal by the
intravenous, intraperitoneal or intratracheal procedure, are used to determine
whether or not a particular dust has a potential capacity to producae tissue

r=sacuione.
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Long~term inhalation ei:perim;nts fNurpish inZormation upon whichk graat rel-.
ance 1s placed when estimating the degree to wnich a dust might be hazardous io
industrial workers. Fhethec or not atmospheric cust, evem though potentially
dangerous, can bte inhaled, pass the natural defense barriers and reach tihe tul-
mor;ary' tissue in qu;néfﬁies sufficient to cauge damzge ca.s be ciegéiuqm&-o;{}:oy
inhadation procedures. Injection experiments are useful beczuse in them contact .
between the dust particles and tissues is assured and the potentisl cepacity of
the dust to produce reaction can be estimated éccur&tely. Yhen deﬂ.ii:g with fi-
brous mirerals like esbestos, the intratrachezl methed is faluable since it per-

mits observing the effect of the fibers on pulmonzry tissue.

6. Species Susceptibility

Unlike free silica, asbestos does not exert its specific effect in all orgzns
of all species of animal (Tsble 1). Injection of fime quertz into various organs
of the gulpsa pig, rabbit, raf‘,::c;:' dog, chicken and even tadpole will produc=
gllicotic nodules. However, aimi.lar injections of long or short fiber ashestcs
have resulted in a fibrous resction in the lung snd, to a lesser extent, in the

paritoneua but not in other organsoh the guwsa pij, Astiek  ast. el “.&21.. .
Aﬂ!.’&ohﬂ—au"fm”w : % asapoull. . verletbe e at‘w
7. Peculiar Characteristics of Asbestos G gt G e aceountad fav.

Experience has damonstrated that most of the particulate matter inhaled into
the lungs of man and animal is 10 microns or less in maximum dismeter. Larger
particles apparently are excluded by the protective mecha.nism of the uppsr respir-
atory tract. In the case of ,fibrous materials, however, this restriciion does net
apply and fibers 100 and even 200 microns in length have been found 'in the termin-
al air‘ gpaces of human lungs. In small laboratory snimals ex;;osed 1o asbestos
dust the maximum length of fiber fouwrd in the lumg rarely exceeds 50 microns.

Not every kind of fibrous material is inhaled with equal readiness; for example,
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the synthetic fikers of giaig ool wnnarentsr ovs wse inilismible ta vass easily
trrough the mose, pharyns, iracres aid bronchi and seldem reach the terminal

bronchioles and alvesli.

Inhaled particulate matter comes to rest thro*;;_;,hc‘.lt tile berminal &ir spaces
(alveolar duct, atria,.-alveoli) in all pzris >f the lunpny inhalef~eodsetes~fibers
ara first retained in thz respirztory bronclhicies. These '.-'@:ry 2nall tubes are
immediately distal to bronchicles lined by ciiia%ed epitheltium. Their ovm essen—
tial liming 1s a2 low cuboidzl irpe of apithelium Lub, s=2 their neme iwplies, they
actually function in respiration through latsral alweol: givea off as pouches
along their walls. Either these pouches, or ths &bript chaige in the chzaracter
of the lj.m.ng epithelium, or the decrease in diameter nf the tuby, or perhaps the
combination of all three tactors is responsible for loccl retention of the inhaled
fiber. Only after asbestosis i3 well established are ap;:rre‘cieblr: numbers of fi-

bars carried into the more peripheral sir spaces.

8. Rate of Tissue Reaction t0 Lsbestos Fibers

The rate of tissue reactibn to a:.%bestos is mnich more rapiil thin to an active
dust like quartz. Evidences of tissue response appear as soon as fiders have
localized in sufficient concentration in spscific ereas. In rats receiving asbes-
tos fibers by intratracheal :'mjection. this eovidence is visible 25 early as two
woeks after injection; for quartz dust the 1latent period might be two memlas or
moTe.

The behavior of the tissue reaction to inhaled Gust after the termination of
exposure is not the same in pilicosig as in asbestosis. in silicosis, the young
nodules become larger; in asbestosis, young scar tissue,bhat may have formed,con-
tracts and becomes more dense but the area of involvement cecreases in size. If

exposure t0 nabestos dust is terminated efter & brief period, the recently-inhaled



FEB-13-95 MON 17:22 - J F HUMPHREYS ATTY  FAX NO. 3043434186 - " " P15

. fibers in the lung may cause the fibrous tissue response to continue jor &

short time, vatil the fibers have been coated. This pregression is of oniy a

slight degree and of little significance.

9. Asbegtosis Bodies

o - - S oA JECIRIPD bR VSN U

The peruliar structure known as the asbestosis body or curious body is a
specific concoritant of asbaestosis. The typical bedy is a gelden~yellow, bezaded
or haustrated rod vhich may be sithar straight or curved. Often one or both ends
are bulbous like a dumb-bell. The bodies vary considerably in length, and di-
mensions up to 250 microns have been recorded.

It is believed that asbestosis bedies are due to a deposit of protein and
iron pigment upon the surface of inhaled fibers. In guinea pigs they form after
about 60 days of contact with the tissue. They are sbundamt in man and the guinea
. pig (see Table 1) but are much larger in the former, probably because the larger~
sized gir tubes admit fibers of greater dimension. In cats, rabbits and mice there
is an atypical coating of a few of the fibers after much longer residence in the
lungs. In rats and dogs no bodies could be discovered. Although the evidence is

incomplete, it appears that the formation of the asbestosls body prevents damage
to the tissue by the fiber. B \ww.“\ 550‘\-((:{‘; Yugs e f:&mu-t—cv‘ 1576 \‘7/
WLOVE M@ O E® fu,(aawy?/ 4"'(1/\ '
© - qpﬂ- ‘
X. . DUALATION EXPERIMENTS
/ﬁ Four comprehensive inhalation experiments have beén conducted at the Saranac
' Laboratory with various forms of ssbestos dust. In each of thess imvestigations
more than 160 snimals ware used and the experiments were carried on far periods
ranging from 2 to more than 5 ysars. The fowr kinds of asbsstos dust employed
are identified as Kipg's {loats, short fiber, 100 par cent ball-milled, and

long~-fiber ssbestos dust.
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. % Inhalzstion E‘;:p' riment with “I3,
’#%T“——H—Wt

The {irst inhalztion experinent conducted at the Saranac Leboratory with
asbeatos dust was begun in 1928. Apimals inhaled the dust for periods up to
nearly three years and éome guinea pigs lived for about Ifour years aifter their
first exposure to dust. 4 prelimina'ry report _giving obsef;;tipr‘;.;i{f;: 2'5-'“*‘—
months of exposure appeered in the rebruary, 31 issus of THE JOWRNAL OF DDU-~
STRIAL HIGIENE.* At that time observations covered a pericd of only 2-1/h years
and the conclusions as to the vltimate effects of inhaled asbestos dust were
provisional.. Results of the completaed study showr that most of the conclusions
drawn in the prelisdnary report were substantiated. 4 complete review of this

exporiment follows.

12. The dusting material was a commercial variety of asbestos dust known

’ as King's floats and was composed of short fibers and particles of

variable size. It was obt

ed from the Thetford, Quebec plant of the Asbesatos

—

13. The dust composition (Table 2) reveala that the smownt of fibrous chryso-

Corporation of America.

tile was only 1l per cent, a rather low valua. However, there was suf-

ficient fibrous material to produce a characteristic fibrosis.

li. The dust concentration at first was quite low znd for impinger samples

taken soon after the experiment was started, the average light field
count. by the standard technique was only 6.0 million particles per cubic foot of

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

%STUDIES ON EXPERIMENTAL FNEUMOCONICSIS. VI. Inhalation of Asbestos Dust., Gardner,
. L.U., and Cummings, D.E. J. Ind. Hyg., 13:-65-81, 97-1ik, 1931.
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gshomn by s¢ average comnt of G.3 noilise for perticles gysater tras 10 wmicrons.
After the inhalation experiment had been under wsy [or alcut two years, the spsed
of the rotating paddle in the dusting rachine was ilicressed and for the remain~
ing 9 or 10 months of‘ tha experiment considerably rore dust was dispersed into
the-atmosphere. Average dust counts for impinger samples “'ébl.}ect'cf‘_‘it‘n“uei‘“ﬁﬁﬁ"“

change were S3.7 million for the usuzl light-field methed, and 1. million for

particles larger than 10 pdecrons.

15. Reaction in Animels to Inhaled "King's Floats®™ hAsbestos Dusi. Results

of the investigation, briefly summerized in Table 2, ‘show that intala-
tion of King's floata asbestos dust produced a typical peribrorchiclar fibrosis

in guinea pigs but not in rabbits or rats.

156. Guinea Pigs. Seven groups of guinea pigs were used. In three groups

. the effect of 3 continuous and of an interrupted dust
exposure was studied; in two other groups the rzlationship between infection and

dust exposure was investigated. The rsmaining two groups were infection conmtrols.

17. Rate and Type of Reaction. Oulnea pigs inhaling this dust for perlods

up to 33 months dwvveloped a characteristic

fibrosis occuwrring in conical patches sbout the respiratory bronchioles. During Q:
this exposure the peripheral alveoll were not imwolved. The particulate elements! Yy h-z
in the dust wers transported to the lymphatic system where thay caused no signi- ,'
ficant reaction; the fibrous elements remalned fizxed a2t the site of criginal
localization and were seldom datected in the lymphoid tissue. PFleurisy and fi-~
brosis in the septa were observed only when infection complicated the process.

After exposure of approximately a year, a swall amount of cellular reaction
had been produced about many respiratory bronchioles. As more dust was inbaled,

it continued to accummulate in the same location and ister stagss of the aisease
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consisted of ectensions of ths original lesions. HNaw creas were not involved.
Aprarently, the inhaled fibérs were caught in the pocket-lilke alveoli thas
are given off irom the lztersl walls ol the respiratory bronchiolas. There they
were vhagocytized and mary of them were carried into the wall by migraiory cells.
“Sromiciear leucocyies atiracted to the area caused an Spprecizble TRidvening of
the brenchial wall. After 16 monthe a deli.;:ate fibrosis r.:zade‘ its sppesrance.
The process evoived 6o gragually that mitotic division of fibroblasts could
Tarely be discovered; nevertheless, the number of fing intercellvlar collagencus
fivers (fibrosis) steadily increased. as this fibrosis contracted, it partially
closed the alveoli, and with this atelectasis the lining epithelium assumed its
embryonic cuboidel form. The result vas the adenoma-like appearance that ¥llis
described in guinea pigs inhaling silicon carbide. The longer exposures resulted
only in wmore thickening of the walls of the zir spaces, largely due to an in-

crease in the amount of fibrosis. The fibrous tissuve aiways remaived cellular

and never gshowed the hyalinization characteristic of silicosis.

18. Progression. The reaction produced in exposed guinea pigs did not pro-
gress sigmificantly during a subsequent period of 37
months when the animalg lived :Ln a oormal atmosphere. Between § and 11 wonths
after exposure ceased, the cellular reaction had been completely replaced by
thin strands of fibrous tissue. Observed Btill longer, the scer tissue decreased
in zmount but in the last animal sacrificed, 37 mwonths after discontiouing dust

expaosure, some fibrosis was still visible..
.

19. Infection coincident with pust-Inhalstion. Of the group of LO guinea

pigs infected with atten~

uated tubercle bacilli (R etrain) 31 died or were gacrificed before two yeare

of dust exposure and were reported in the paper oy Gardner and Cummings mentioned
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@ above. Saventesn of thsss dizd from Intercurrent pneumoniz. Brieflyr, the re-
sult# were as follows: 10 revealed scme evidence of spread of the tuberculous
process; in 6 of these it was confined to tha lunga and in the o-ther i1 the
apdominal viscsra also were imvolved. Usuzlly s sa.ight local extension of the
tuberculous infection-had occurred but subssquent hezlimg hed-resuited-in-fi=
brosis of both the pulmonary lesions and the secondary lesjons in other organs.
The healed pulmonary lesions showed more fibrosis than is characteristic of
either {vbsercuwosis or asbestosis alone.

The § animals which were still alive after two years of dust exposure were
sacrificed at intervals durinc the following year. In L of them the primary foci
of infection had healed with fibrosis and even calcification and there was no
evidence of progression. In the other S the tuberculous foci showed evidence of

' having proviously spread locally: in L of them it had healed, by the time of
autopsy, wilh excessive fibrosis; in the other animal there was a generalized
chronic tuberculous pneumonia in one lobe and isolated primary tubsercles, which
ware still active but had not spread, in the other lobes.

Evidence of extension of the infection ¥as first seen after 7 months of dust
inhalation; during the next 20 months moré than half of the animais showed an
actively spreading tuberculosis and in 3 of them small cavities had developed.
During the last 8 months no arimals exhibited any evidence of active infection
-althongh in half of them the hsaled fibrous scars of previous extensions were ob-
vious. Sixty per cent of the guinea pigs with spreading pulmonary tuberculosis

showed tuberculosis of the spleen and liver.
.

20. Infection Superimposed .Upon an Bstablishod tabestosis. Twelve guinea

pigs, after in-
‘ haling asbeatos dust for nearly 26 months, wers infected with tubercle bacilli and

then removed to normal air. The subpleural tubarcles in the dusted animals were

—-11e
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no more numerous than in non~dusted coutrols. but a considerable nuwber Wwere
found in thé depths oi the lung sbout foci 01; asbestosis. The resciion to infec—
tion ghowed only slignht local extension about the origiral sites iz the lungs
and tracheobrounchial I;mph nodes. The abdominal viscers woirz iuwolved in only

ofit animal. Caseatioh was found in Hubercles 1-1/2 months old But by 372

mopths it had complobel- Aisnspearad, Togwiv- als gone Risv- e Datter entll

persisted in the last animal, which was killed il wonths atter infection.

21. Asbestosis Bodies. Moderate numbers cof ssbestosis hdies occurred in

the lungs of the guincza pigs, beccming more numerous

and more distinctly segmented in later mon®hs.

22, Rabbits'. Rabbits exposed io the asbestos dust for pz=r1'3c‘«s'up vo 19
_ monthy developed a low-grade foreigr~body tyse of reaction but
no fibrosis. Although their lungs containad particylate ciements of the dust,
fibers were pot present, indicating that the upper respiratory mechaaism of the
rabbit is adequate to exclude fibrous foreign bodies. Twe rabblts, arter inhaling
dust for & and 18 mounths, livéd in normal air for more than two years. At autopsy
mgither animal showed any evidence of cellular reaction or fibrosis in the term—

inal bronchioles nor were there any astestosis bodies.

23. Rats. A1l the whits rats had acquired an infecvion. resulting in the
formation of pulmonery abscesszs, befors thev came to autopsy.
Apparently, so much heavy mucus obstructed their bronchi that very few f{iders

could have entered their Lumgs. In a few of the rats, an occasional asbestosis

" body was discovered but there was no fibrosis.

~12~
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2k. Sumaary and D’Jcerpret«ulon of Inhalation EBxperiment with ¥Fing's rFloatg Dust.

The findings in the emaeriment nth King's floats dust c¢an be summer-~

ized under three he.sdzrge.

A, Effect of the inhaled dust on normal animals. Ths King's flcats

T T duééJ;:;:;d-;u—;£:3a6~
terisvic por:.bronchiolar fibrosis in guinea pigs but not in rabbits or rsvs. The
fibrosis did not progress after the dust expesure was discontinned a.nd the guinez
pigs transferred to normal air.

B, Effect of the inhgled dust on tuberculosgis in guin2a pigs- In guinea

pigs in-

fected with attenuated tubercle vecilli and then placed in the dust room, the
~
results ware mors wvariable than is usual in an experiment of this type. 4 few

~animals ghowed no sign of 'pro'greas'ion; in rmost of them there was evidence of tem~

porary progression with subsequent healing; in one animal there was continuous
progression to death. In contrast, wnen gulnea pigs, after being infected, are
exposed to quartz instead of agbestos dust, the infectious process comtinueg to
progress and eventuzlly causes the death of the animals. On the other hand, ex-
Posure of infected aninmals to a harmless dust like calcite or gypsum does not
lead to any progression of the infection. Oulnes pigs infécted with attenuated
tibercle bacilli following the termination of about two years'! exposuTre to asbestos
dust did not develop progressive disease. The anly modification of the infection
was in its localization, a few bacilli. being retained in the fibrous terminal
‘bronchioles and forming tuberc}es there in eddition to the usuval foci beneath the
pleura, -

In view of this variability. the urmusunal naturs of the response and the high
proportion of deathe from intarcurrent pnewwonia it is felt that definite conclu-

GATA DS
gions 23 to the influence of thais-dust on the course of tubsrculous infection are

not justified. - i\

\
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/2( tion Experigent with Short-fider ‘Asbeztos Dust.

Since bazardous dusts like quartz are most effectlive in preducing fibrosis
when the particles are 3 microns z2ad less in size,' an iphalation expefiment. was
carried on to determine whether this condition is trne 2lso for asbestos dust. It
wag thought that by using a short-{iber asbesioa dust consisting almost entirely
of fibers and particles smaller than 3 nicrons an accelerated tissue response might
be initiated and an advanced reaction obtained in a2 short time. The previous
irhaletion experiment with King's flosts assbestos, which contalned fibers i‘rom 1

' . m. to 1 micron or less in length es well as a great deal of particulate matter
| and which produced a2 typiczl peritronchiolar fibrosis in exposed guinea pigs,
served as a basis of comparison.

! 26. The dusting material for this experiment was forwmarded from the Hanville

plant of the Johns-lManville Corporation. It was the remsins of fibers
1 collected in dust bins after a card:mg coperation and screened to pass 200 mesh.
2 3ince the materisl as received contained marny long fibers, it was ground In a
atesl ball mill to reduce practically all the particles to 3 microns. or less in
gize., When used slone in a standard dusting macb.ine, this finely-ground asbestos
tended to pack in the hopper and it became necessary to mix ops volume of the un~

ground materinl with three volumes of the ground to gensrate a. gatisfactory dust

cloud. The addition of the smell quantity of unground esbestos was unfortunate
becguse it confmsed the irrt;rpret.at-ion of: results. FProbably the minor smount of

reaction that developed vms due to the lomg fibere in the mixture although the
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‘ data of this experiment do not prove the polmnt.

27. The composition of the short—fiber sstestos ss received is disclosed by
the chemical sod petrographic analyses given in Tabls L. Semples takem
before and after grinding yielded sbout the sace valuas .qn andlyass,, Iudicabing

that there was no contemination from the mill or 1033 of weter content.

28. The dust concentration varied somawhat Swadng the experiment and 1light

ficld comts for atmospheric samples collected inside the animal cages
with the impinger apparatus ranged from 83 million to 162 million. The average of
counts was 130 million for the first year of the experimemt, 13Lh million for the

second year and 110 million for the third year.

29. Size—freguency measurements of air-floated dust from inside the cages

. at a magnification of 1300K revealed a great preponderance of fine par-
ticles (Table 5). Yearly 90 per cent of the particles seen were smaller than 3

nicrons.

30. Reaction in Animals to 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 expasure, which are sumarized in
Table 6, will be considered more in detail below.

31. Guinea Pigs. EBighty guinea pigs were originally placed in the dust room
\ but 21 of them were later eliminated from the experiment
a0d killed becanse of enlarged lymph modes. Of the other S9 aminals, L6 remained
in the dust room until they were sacrificed or died from patural cswSes and 13,

after being exposed to dust for 20 months, were transferred to & normal atmosphere.

32. HRate and Type of Reaction. The type of tisswe reaction to the inhaled
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‘ sheri—Tiber asbestos &z @ssshiiallr ths same as that alrezdy observed in the
experizent with King's floztc azbesios. The ‘ratz- of reaction ala_o WAS approxi-
matelj the samg but the extent of involvement wiih the shart—~fiber dust was

very much less and sfier 15 %o Zi. months of c:.q.-osur; only a very few mmall foci
of reactitn, which generally rsquired microscopic examination for~cétaction,; wers
produéed in the guinea rigs.

Until exposures haé continued for approrimately one year, there was little
tendency for dust-containing phigocyies 4o coiiect into clumps. By 14 months
phagocytes nad btegun to collect about the waulls of a few of the respireztory bron-
chloles with a little proiiferation cr infiliration of monomuclear cells in these
walls. There were also someé multinuclested cells but they were alwayz of the
inert foreign—vody type. &t 20 to 2l months the cellular clumps were éometims
quite marked and sometimes changes in the epithelium resulted in the adenoma-like
' or "adenocmatoid" appearance previcusly described in Section 17. In most of the
subsequent members of the series, the reaction remained cellular in type. In a
few, however, {ibrous elements dominated the picture. In the latter case. the
collagen was yfalz in color and ‘tenusus with no heavy swollen hyalinization. As
in the rats described below, the ziveolar walls might be made up of a band of
collagen supporting a lgyer of epithelium, but with no contained czpiliaries. In
the tracheobronchial lymph nodes the rsaction %es rore gronounced in this experi-~
ment than in the previous opme with King's {loats asbastos, probably because of
the transportation of an excess of fine particles to the nodes in enimals inhaling
short—-fiber asbestos. The reaction was essentiallyv an increase in reticulum, rather
than 8 fibrosis, with presen'a’t;ion of the origiuzl cells betwseen the. thickened

reticular fibers. Diffuse chronic plewrisy without evidence of pulmonary infection

was present in a few animals.

~16—
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33. Progressicn. In the 13-3/4 wonths folloring the ces;w’}:’.on of 20 mertns?
exvosure to dust, progression of dissasc was rob delfinitaly
demonstrated but neither could it be absohrtely disE.roved, owing to the varia-
bility of the response in difrerent snimals. At the end of the dust exposwre of
20 months two pigs were resd a&s + and one as 2+, Among the 13 reroved from Gust
the findings were variable: in 2 the roaction was 3 in 4 it waz <43 in 3 it was
3¢; in 3 it was L+; and in one animal it was 5*. It is quite possible that those
with the most mariked changes hzd already developrsd more roaction than the remain-
der by the time exposure cessed. Since tho more severe reactions cccurred spora-—
dically and bore no relationship to the length of time after cessation of expo-
sure the differences were attributed to variation in individual susceptibility.
This view received support from the chemical analyses (Tabla 7), vhich often re-
vealed coaparable smounts of ash and silica in lungs with widely different amounts
of tissue change. For example, the ash and silica values were quite similar for

three animgls in dust 20 months and then in normal air 13-3/lh months, yet the tis-

. sue reaction for one animal was L+; for another, +; and for the third, only *.

3h. Asbestoels Bodies. The formation of asbestosis bodies was at first ex-

tremely limited. After 5 months! exposure only a
vary rare short bedy could be found, usuzlly inside of cells. Around the finest
intracellular particles there were yellow deposits having the same color &8 the
zsbestosis body. FExposure of one year had permitted an accummlation of many longer
fbers about which the asbestosis-body coating developed. Most of these were
still short encugh to be partislly or entirely within phagocytic cells. By the
20th month and thereafter, they were comparatively oumerous although still rare

in comparison with the findings in the King's floals experiment.

R ot
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35. Thite Rats. Seventy-vhatee white rots wave exposed to atmogpheric short-~
£izer ashestoz dust for perieds up to 32 wonths. Sacri-
ficings during the first 10 months were owde bimontaly and for the remainder of

the experinent at less {rzquent inggrvais. RPN

-

36. Rate and Type of Reacijon. The dust ceiis wntii § months were widely

scailered amc ecisted in foci only sporadi~
cally. Bsaction was limited %o occcsicnsl slight thiciemings of the septa about.
small accumilations of dust cells. TIn a few rats abt 10 monthe, there was a sug- / 0
.estion of ecarly fibrosis but the charge was so glight that it would probably be 6

/) overlosked without the clump of dust cells to stiract attention to the area.

Only 10 animals were exposed from 12 to 32 months. In each of them the lungs
showed mimute patches of well-defined fibrosis distributed like that of asbestosis
but without asbestosis bodles. The lesions, visible only at a magnifiecation of
150 diameters or more, consisted of patches along alveolar ducts in which the walls
of the eir spaces wers very thick, due to swollen coilagen framework. Comnective
tigsue amd Foot—BielschowsKi silver preparations revealed complete loass of capil-
lary bed locally. Outside the collagen was a thin layer oi epithelisl cells.

This did not resembls ths “"adenamatoid" change cheracteristic of guinea pig ase
bestosis. b pleurisy was presont. Near the losions the alr spaces wera filled
with phagocytes containing grey to yellow particulate dust and a rare long naked
asbestos fiber. Cargeful search failed to revesl even a suggestion of an asbesto--
gis body. The tracbeobron_chia} ncdes showed compact focal collections of mono-
cytic cells at 12 months and, at 20 months, some diffuse thickening of the
reticulum. In & few rats there was definite fibrosis along the margins of the
node and artording into the medisatinal sreolar tissne. Compared with the responsa
0 active dusts 1ike quartz and chert the reaction to short-fiber asbestos was

nsgligible.
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. Results of chendeal ansiyTes ncia on bie vhlle retc are given in Table ¢ and
the avarage value3 have beernt tabuiatsd in Taole ¢ for coumarison 'a’:.th sizilar

values f{or rates izhaling other dusté. The concentraticr of atroapheric particles
to which thz animals v's:ere exposed was é.pprorimabel:r itha sane for asbestos snd
quarts; for the gypsumequarts mixture, ‘it was about, Lwice &% Ligh BAd Tor thers
five tiver &3 igh. It =ill be noted that i'.lwé cerceniesas (Or 88bestos sre lower
than those for quarts or chert but are simllar to those for the gpypaum-quarts
mixture, in which atmospheric agglutination temisd to reduce the amowmnt of dust
inhaled. It pdght be inferred that the total guantity of asbesios dhst inhaled
was low or that it had been eliminated from or diseolved within the lurgs. In

the preseat state of our knowledsge evaluation of thesa hypeotheses is not possibls.

37. Cats. Twenty cats wera used in this inhadatiou experiment with the
. short—{iber asbestos. Eighiteen were kept in the dust room wntil
death, the exposure period ranging frcm cne month to nearly L-1/2 years, and two,
aftar a dust exposure of 3i-l/2 months, were ramoved to normzl air. One of these

vwag sacrificed S momths, and the other 2L months, later.

38. Rate and Iyve of Reaction. The reaction was essentially that to an inert

dvst, even after more than L years of expo-
sure. The tissue response in this species was confined to microscopic focl of'
fibrosis in the walls of groups of subplsural alveoli, rather than in the pari-
tronchiolar sress. In one aniwmal the change was extsnaive encugun Lo be visualized

on gross inspection of the section.
f

39. X-Ray Changes. Only in the amimel with the longest exposwre did the
Yerzy Teveal definitely abnormal shadows. After 29-3/L
‘ months the picture =as negative; aftsr LS5 months a faint mottling could be detectsd

throughout toth lungs. 4t autopsyr, - months later, thers was only =zicroscopic

h el
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. Sicroais in the mubpleural z9m2 plus suavy lwnmwhecytic Infiltieninn abzul smeldl
renchicles.

10. Achesbocls Eodiss. On wxelonred sarch e forx yellow elypical asbestonis

- : . voddzs, zmootn and withoul havstratliong, wure found

in tvo animelsg erposed for more 1.‘1:m a yea

7
3. Rabbits. ZEight rabbits were axpdsed to dust for periods cxiexiing from
oue to wora tran fivse years. The last eniaad ™as reroved

from the dust room and loft in pnormal air 6 months before being sacrificed.

42. Rete and Type of Reaction. Thare vas never emougb fibrasis to be de-

. tected grossly and there wes no chronic

adhesive plewrisy. Microacopic evidence of slveolar vail thickening was first
' detected after about 3 years of exposuvre and was seen in 211 five amimals exemined

thereafter. In one animal that died of paralysis after nearly fowr years of ex-
posure the reaction was extengivo enough to be visible on gross inspection of
tissus sections. The possidbility of pulmopary infection in this animal could nov
be excluded. Howsver, in another animal dying two years later the focal fibrosis
was not nearly as obﬁous or as advanced. Areas of involvement, which were

largely visualized becauss of phagocytic reaction within the air spaces, termed

microscoplcally to become more fibrous with the peasage of time bul there wae

never much encroachment upon the lumen of air epaces and the architeciure of the

lung was preserved. .

13. Asbestosis NBodies. Asbestos bodies were mol dotocted in rabbits that

died esrly in the experimaut tut were secsn in all

. animals thet bud been evposed to the dust for more than three ryears.

~re
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b it Svnnryy apd Iobexprebaidon,

The ovieinal. pupssn of the exparireni wo3 to evaluate the chemical
theory of the pethogenecic of ashestogis. It was Telt thet if the dissue raso-
tion to av‘oecta., wese chemicel im criegin an acceeleratsd or accernbuated response
1.onld result from c*no..;;e te ,.me,,wdz.v:.aed agbestog, & 1; the c;.;:q c.-i;- o_::;:us.
This experiment, in wnich the resction vas slcwer and less exbensive than »ith
King's flozts, indizates that the mactim(éoﬁleg) is not pripmecrily chewmical in V
vature.

Of the four spocies oxpoded in this experiment only the guinea pig axd
rat Toacted with charactecristic peribronchiolar fibrosis. The cat rescted with
atypical sub-plaural fibrosis zod in the rabbit the fibrosis which cceurred could
not be positively atiributed to the dust becauge of a strong possibility _
| of pulwovary infection. e
@ xuV/fNuAu'rﬁN eE— =
% Inh?ﬁ.tion Experiment with 100 Per Cenq Ba.l}!-}.iﬂ.l.ed As{estosf Dusy.

In the ;mha‘lxtion expariment with shorl:-—fiber asbestos dust a small quantity

of unground asbestos was mizxed vith ground material in order to produca a suitable
dust cloud. %heon evidence of & duat reaction appeared in the guinea pigs during
the experimemt, it was not cleé.r "ehether this was a tisgue response (0 ths suell
oumbar of long fibors in the unground asbestos or wes a delayed effect of the more
abundant fine dust. Consequently, another inhalation axperiment wes started in

which no woground material was used.

-
h6. The dusting materisl vas the ground short-fiber asbestos used in the

pravious inhalation experiment but no unground material was mixed with
jit. To obtain a sufficient swount of atmospheric dust, the design of the dusting

. apparatus was changed to en open type of hoppsr and fresh dust was added daily.
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1w ¢ralt spherules hich rroventad

v

’ Cwing %o tne cvendsney ol Ihe materw: . wo I

Q

michh of tihe {ibrous portion Irom {iecaiing oul

i tne noprer, Lhz-disgorsal of
the dust wac rot enticelir savisfaciory ans efter 7 maniths of operction, the dusi-
ing machine wss rer;on'«'ertsc 2o itz crizinal desion. To vrevent "gg.ling“_or the
faf‘iﬂatiox; of spheiules ot EﬁbsStQS; ctnel wirs bruchss T:t::.I‘E-.' attz;.ched to the in-
side surface of the hopper and to thz rotating paddls. his avangenent gave

satisfactory results and waz used for the remaining £ uonths of the erperiment.

i47. The compositicn of the Taw mabarisl (short-fiber asbestos) arnd of atzmos-
pherdc dust liberated fros Lhe tall-milied product in the deusting ma-

chine is given in Table 10. Theas vaiues are bagsed uvpon pstrographic study and
X-ray difiraction analysis. The atmccpheric samle vas coilected wit}h an elec-
trostatic precipitator after wire brushes had been installed in the dusting
' machine. Previcua to this. the cirysotile content of the air-suspendsd material.
was undoubtedly less than the i5 per cent value given in Table 10. In an inter-—
im report, it wag stated that the zir-borns dust contained about $ ter cent of
chrysotile before the wire brushes were vsad &nd up te & per cent afterwards, but
these values were provavly low. Guantiltative estimates on ball-milled asbastos
dust may be somewhat inaccurate because it is difficult Lo determire bowr mch

of a dust gample is fibrous chrysotile znd how mich is non~fibrous perpentine.

LB8. The dust concentration for the first 7 mombhs of the experiment was

about 100 million varticles per cubic fool of air. &4fter the wire
brushes had been installed, the dust couwnts were a little nigher and the overall
average for the first year was 106 nillion. The average of counts for ths second

year v¥as 163 nillion and for the third yesr 1LS million.
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9. The size—-froquency of %he cumnenenis of awmrasphacic cust collected

ingide thw wnimal ceges wiith the glecirostatic avcparatus is reported
in Table 11. Two sawmples were taken; one tefore the wirs brashes wers inetalled
and one after. It will be noted that afler the wire brughes were in uze 2

greiter proportion ¢f ¥&ry fine particles 2nd alse of lonzar {ibers was relsased

into the air.

50. Reaction in Animals to Inhalsd 100 Per Cent Ball-filled Asbestos Dust.

Guinea pigs, rats end nmice were uced in the inhalstiorn sxperiment with
the 100 per cent bail-milled asbestos dust. The resulis are summarized in

Table 12.

S1. Guinea Piga. The experiment was started with 100 guinea pigs. As the
| dust exposure procesded, there were 39 accidental deaths,
32 of pneumonia in an epidemic. After 28 months of dusting the 16 surviving
guinea pigs were transferred to normal air. . —
—

(7

S2. Rate and Type of Reaction. Foxt the first year of exposure practically u?

_ the only reaction to the dust was the pre—
gsence of scattered phagocytes and an occasional minute asbestosis body. At 16
and 20 months no gross response was visible on the tissue section but microscopically
peribronchioclar foci of inflammatory cells could be seen. At 2k twnths there was
8t41]1 no change large enocugh to be seen with a hand lens although microscopic
examination revealed cellnlarl,accumulations about terminal bronchioles sud many
more asbestosis bodies, chiefly within cells,

Chemical analyses of the lungs (Tsble 13) reveal that in spite of the

limited tissue reaction considerable dust had been retained in the lung.
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83. Trogression. The lungs of znimaic expeses for the full dusting period
(2€ months) :J_nd'tﬁan ldring i normsl air for 2 months
revealed the chsnges descrided above and also very slight peribronchiolar fibro-
sis. After 8 months in normal air the findings were sirilar but at 12 wonths 3
I pevemee S S e

of i animals showedugz;;);sly-visible characteristic peribronchiolar fibrogis with

adenomatoid change.

Sh. Lymph Hode Involvement., Ths tracheobronchial nodes were essentizlly

noegative until estposure had been continued
for more than a year and a half. Animels sacrificed at 12 wonths and 16 months
revealed a fow minute collsctions of phagocytss containing particles but prac-
tically no fibers large enough to be recognized as such. After 20 n:;nths of
exposure many monocytes filled with yellow granules were present. At 20 months
there had been a slight increase in reticulum but no Tfibrosis. No further changes

occourred in the nodes. A4sbestoslis todles were not seen in the nodes of any of

the guinea pigs.

‘85, Apbestosis Bodies. Minute asbestosis bodias were obsarved as early as

3 popths after exposure began, but they d1d not be-
come mmerous until 16 months had elapsed. The bodies werse short and practically
all were inﬂracellu]ﬂr, although at 20 months some were long enough to project
beyond the cell borders.

It is important.to note that in the later months of exposure thers was a dis-
tinet increase in the pumber of long fibers {¢p to 70 microns in lengthiin the lungs

and that after exposure ceased charscteristic long asbestogis bodies were seen.

S6. White Rats and Mice. In this experiment 40 rats were exposed for periods

up to 20 months &nd 2L mice for periods up to 12
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. months. T-!eit'r:ér species developed even a suggestion of asbestosis and reaction
was limited to vhagocytosis of inhaled particles by widely—scattered dust cells
vhich remajned free in air spaces or were transported to the tracheohronchial
lymph nodes. Ne asbestosis bodies were found in the rats but in the mice there
- ’ . L kDT esntammie

were a very few swmall nop~haustrated forms within poagocytes. -

In 2] mouse lungs sectioned there were 3 instalces of pulmonary adenoma (1LE).

57. Summary znd Interprotztion.

The “isgue reactions coserved in this experiment were much lesa extensive
and slower in degvelopment than in the previous investigation with short-~fiber
asbhestos. Since presuwably there were fewer fibers longer than 3 microns in the
material used in this experiment, the regults tend to confirm the interpretation

made in Section Ll of the short-fiber experiment that the reaction pesWeSly is not -—

. primarily chemical in pature.

The finding of long asbestosis bodies in animals inhaling the ball-milled
material is an example of the difficully of completely eliminating long fibers from
an asbestos preparation.

In regard to progression of reaction after removal from dust, which was ob-
served in this experiment but not in the others, the following interpretation is
offered: Then the reaction is well-developed at the termination of exposure,the
contraction of the fibrous tissue would obscure .any possible progression. In this
expariment, however, since only the earliest stage of reaction was present at the
time of removal from dust, its subseguent progress was appareat. It should be
noted that the degree of progi"ession was s0 Slight that it can have 1llttle, if

any, practical significance.
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After animzis inheling shert—Liber asbestos dust for more than a year had
failsd to develop significant reaction, the hypothesis that asbestosis is pro-
duced by the mechanical irritation of long lvers was glven added support.

3{1;69 the King's fi;aa;.';; asbastos ulsed in vhe first ir\hai;;.ion sx;—ar*i;n'en; h-a;h

a rather low content of fibrous chrysotile and contained consicerable serpentine

and other impurities, it was decided to conjuct a new inhalation experiment with

a purer form of chrysotile wrich would be richer irn long fibers.

S9. The dusting material employad in this investigation was obtained from

the Manville plamt of the Johns-denville Corporation. Samples of se-
veral varieties of asbestos dust were first submitted to the Saranac Laboratory
for examination and one kind, identified as Lot D, which was low in msgnetite
and chromite and had a fibrous content estimated to be about 75 per cent, was
selocted as most suitable. Steel vwire brushes were fastened to the inside sur-
face of the hopper and to the rotating paddle in order to open up the bundles

of agbestos and liberate more f{ibers into the atmosphere.

60. The composition of the long-fiber asbestos used in this experiment is

indicated by the chemical and petrographic analyses given ig Table 1.

It appears that this material was & much puref form of asbestoz than the short-
fiber qust used in other experiments. This is borms out by comparing the appm;

imate analyses of the long-fiber and short-fiber idust in Table 15.
-
61. The dust conceutration as revealed by impinger samples taken inside the

animal cages was much lower than the concentration for the experimants
7ith short—fiber or ball-milled dust. For the first year of the experiment with

long~fiber asbestos the average of the light flsld counts was 32 milliom; for

~7
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' the secend year, U8 million; for the third year, 5¥ million: mue for the fourth

year, b3 million. Exsuvdination of the impingsr sazxples with derk field illuwin--

ation disclosed that many fine porticles le3s thsn one micron in size acoompanied

the larger particles and dark fisld counts were, oa thie aversge, a2bout § cr €
tinmes larger than the Tight field counts. o AT et
62. The size~frequency of atwospheric samples of thz leng~Iiber asbestocs

- - -

dust and of the ball-miilzd dust is zhown in Tsoie I5. Foilh sanples
were collected with the elecirostatic pracirpitator. It will De noted that ithere

vags far more fibrous material in the long-~fiber dusu.

63. Reaction in &nimals to Inhaled long-Fiber Asbaestos Dust. Guinea pigs,

cats, rats and mice were amployzd in the inhsjation experiﬁe:;t with
long-fiber asbestos. Results of the experiment, summarized in Table 17, are
. described in greater detail below.

! 6., Guinea Pigs. The experiment was started with 100 guinea pigs. After
exposure had been carried on for a3 year, & severe epldemic

of pnoumonia arcse in the dust room and about one-third of the animals died or

were killed. To replace them, 38 more guinea pigs were added te the surviwing

group in the dust room.

65. Rate and Type of Reaction. UHistological examination revealed grossly

visible lesions in the lungs after & months
of exposure to dust, consisting of cellﬁ]ar infiltration sbout the terminal
bronchioles., At 12 months ,, there wore adenomatoid changes in the air apaces and
; by the 16th month a definite fibrosis was present in these areas in half the

aniemls. Tha fibrous lesion could bs seen macroscopically at 2C months. From

this time on the reaction increased in-extent znd in the amownt of collagen and

e
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zh feanmfed oul, into tne yarencliTE.
rether charply incalizes and the sxtengicns from different bronchicles showed

no tendeucy to fuse; even in snimels exposed for the mexirum pericd (3 rears).
Althougn the ir:hra«pu};nqmrj reaction somatimes reached 'Ei}_e plcl),l;a:,_l ft}.‘e?f:'_.?{“i‘i_n‘ﬁ
involvement of that membrane. No emphysema wes visible at any point. Some
thickening of the larger bronchi with a chronic inflaumatory infiltration wé.s re—
vealed, Tut it probably was no mors than would be produced bir 2 simiias exposure
to any dust. Por tie firat € months the phagocytes consisted of monocytes or
very small giant cells; later, ciant cell formation was more prcminent. After

16 months the giant cells were large, filled with yellowish-trown pigment and
sometimes vacuclated. An occasional animal showed an ~dmixturs of polymorpho-
nuclear leukocytes and, in guinea pigs exposed for a contiderable period,
eosinophiles. The reaction vms at first entirely cellular but by 16 months fi-

wrous tissue formeation was Gefinite. Liowever, it never attz ned a staze of

byalinization suggestive of silicosis.

A moderate individual variation occurred among the exposed aimals, both in
the rate of developing lesions ard in the stage of devolopment attained at the
end of exposuva,

Analyses of the lunzs (Table 18) disclosed that although the tissul response
was much greater in these guinea pigs than in those exposed to eitber shori~fiber

or ball-milled 2sbestos, the amount of wineral matter iu the lung ash was l.gs.

65, Frogression. In gﬁinea pigs exposed to the dust Ifor 20 months and tisn

removed to normal air, there was & marked tendency for
cellular infiammatory reaction to clesr. This effect, accompanied by contraction

of the fibrous tissue, resulted in a diminishing sizg of the focal lesions. Hous
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of thess animals, idlled at various vericds «m» t¢ ik nwning sfier exposure,
revealed lesions as large as thoss in Hhe group cacrificed ot the end of the
20-month exposure pericd or those in animdls vhich reuained it the dust room

for more than 20 mcnths. Fourteen months after Cust exposure cessad. ithe foci

. .

P o v+
*. Y e —y [P

in four of the six remaining guinea-pigs were 30 small that thney were visible
only with a hand lens.

Aeaction in the group exposed for 27 montha and “hel transierred toa nermal
atnosphers was quite slular to the response in the z0-ponth exposure amimals
mentioned above. However, small foci were always visible on gross inspection af
sections of all guinea pigs of the 27-month saries but in no instance was there

egvidence of extemsion of the reaction.

67. lymph Node Involvement. Reaction in the tracheobroachial lymph nodes

was first visible a_t the third month of ex-
posure. &t the 8th mouth patches of cellular comnective tissue begaen to appear
in the medulla and by the 1Lth month most of the node had been replaced by
cellular cornective tissue. This picture, which resembled that in early silicosis,
pearsisted to the end of the experiment. Some animals, ss a variant, showed heavy
sheets of diffuse monocytes and large active giant cells bul there was never any
necrosis or byaline formation.- The Spizidla-shaped new cells wera yellowish in
color from fine pigment granules that gtained for iron. No fibers ‘or asbestosis
bodies were seen. | \\)/ Q‘\,/\

v/"
68. Asbestosis Bodies, Although asbestosis bodies were seezans.early as one

morth after exposure begsn, they were rare and hard
to find. At S months mwore were visible, chiefly cciled inslide glant cells, and at
8 months many bodies ware free in connective tissue. They became fairly abundant
as exposure meed although in some later znimals the asbestoslis bodies ware

only moderately numsrous.
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. 33, Cabg. Four cats intaled the iong-fiber esbestos dust for pericds of

-

ik, 2%, 32 and L2 months, respectively, and were irmediately
sacrificed. Two other cate, after being exposed to dust for 1§ months, lived in

a pormal adrosphere for an additional 2L months.

- = . PR T

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

rroduce cellular eccumulations of phagocytes
around termincl hrouchioles and peripheral arterioles together wiih compact col-~
lections of siwilsar cells in the tracheobronchial lymph nodes. At thzt time thers
ware no typical asbostosis bodies, but smooth pointed yellow fibers were seen very
rarely. With convinued exposure, up to L2 months, reaction in the locations noted
progressed to the formation of cellular connective tissue vhich made well~defined
sheaths sbout the respiratory bronchiolea and arterioles, marked lymphoid hyper-

. plasia and lymphoid infiliration of bronchiolar walls. The bronchiolar epith-

elium vas low and flsttened, givipg the tubes a smooth contowr. Typical asbesto-
sis bodies were not formed although there was an occasional yellow, smooth,
pointed fiber. MNo pleurisy was present. The reaction was similar in location to
that in the guinea pigs, but fibrosis was much slower in development and had not

reached the same degree of maturity. .

(L. L-néyvt;hanges. Roentgenograms of three cats were made after eiposure

reriods of 25, 33 and 12 months, but tissue changes were
not dense ennugh to be seen con an X—ray {ilm,
,
72. Rate. Although 20 rats were placed in the dust room, many died from pneu-
monia and were mot suitable for study. Five snimals, of which one
wag exposaed for 19 months and fous for 25 months, ware free from pulmomary infec-

tion ard offer a basis for conclusions.
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73. tebe &nd Tyns of Reaction. Al% four animsls secrificed at 2% months

-~

snewed a well-marked peribronchislar fibrosis.
In the }19-month animal, reaction was Jnst beglirming. Asbashosis_'oodies were
fractically absent at toth 19 znd 25 menths although two small swooth bodies were
fétnd in the 19-month-animzl after o long sesvch. Thus,-thesz antwals exhibited

fibrosis without asbestosis bodies.

7h. Mice. Oubt of 20 white mico usad in this experiment, 1l lived a year or
more in dust and dised or ware killed without showing an eppre~

ciable degreq of pulmonary infection.

75. Rate and Type of Reaction. Reasction was Llimited to phagocytosis by
mononuclear cells. Usually these were wide-
1y scattered through the air spaces; 2 limited number were grouped about the ter-

: \
minal bronchicles producing some thickening of their walls., There was no sug- ‘\!;

Rumerous asbestosis bodies wore observed in enmimals killed late in the experi-

memt. Thus, these animals exhibited asbestosis bodies without f£ibrosis.

76. Summary and Intarpretation.

The purpose of this experiment was to evaluste the importance of long
fibers in the tiagsue respogse to inhaled asbestss. ) The results indicate strongly
that long fibers are chiefly recponsible for ‘he reaction. Thus, in guinea pigs
reactit;n developed earlier and became more exbtensive than in previous experiments.
in spite of 3 smzller concentration of atmospheric dust and a lower mineral con-~

tent in the lungs. Furthermore, 2 typical peribronchioclar filtrosis was produced
o 5T ';f" ‘LW - 5 Z
(4 b 4 ( ,
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. in cats‘ ali:hough in a previous expe’z-iment,}'uith short—fiber dust it did not
develop in this species. | :

i The cause of the cellvlar fibrosis,in the lymph nodes of the -gu:lnea. pigs

is not clear. It did' not occur in othér inhalation experiments with asbestos.

g e pllos :

2\
EOVIL.  LJPCTION EXPERDENTS

In order to determine {0 what extent the various fibrous minerals possess

: PPRURPO
e -

“the capacity to produce tissue dsmage, mmmerous injection experiments were per—
formed. In these experiments guinea pigs and rabbils wers used and the mineral
dust was injected by the intratracheal, intraperitonesal and intravenous tech-
niques. For the purpose of gsimplification the findings in each series of tests

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

later.

78. Experiments Using Intratracheal Techmigque.

Since the asbestos mmerals do not cause a typical advanced fibrosis in
extra-pulmonsry tissue, the intratrachesl technique is the perferred way of in-
troduéing fibrous dust intﬁ the - experimental .wimal. In this method thd dust
suspension is injected by means of a special needle 'or catheter deep into the
trachea, from which it floms into the lungs. | |

79. Compsrison of Fibrous and Non-Fibrous Dusts. To demonstrate that the

¢ ability of asbestos to
produce fibrosis resides in its fibrous character, the series of injection experi-
'ments reported in Table 19 were performed. The tests were made with unheated
. long~fiber chrysotile and with chrysotile that n.ad been ignited to destroy its

~32~
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Ipss.  Ab the samz bine 2ovivrel lests were made with serpentine. whdeh las chas

sana chemical composition s chirysotlls but is non-Iibrous. & Toview ol the

findings revsals that only trhe vnheated long-{iber chrygsobile produced fibrosis.
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fibers subjected ta Lgniiicn or shortensd bty ball-milling had “lost thais canaszity
to czuse zerioue tisnue danmge. Ignition produced important changes in hs cuov-
z=obile fibers, suong them teing lese of water, an slieration fron s Lladble o

a2 orittle structiura and oesibly other changss.

80. Comparimon of Various long-Flber Dusts. Some very interseting I'indings

are discloged by the resovlis cf
the experiments 'included ir Tabls 2C. First; all the long-iibex a.beét@s minerals
tested, with the exception of anthophyllite, produced & typical fibrosis. It is
. not entirely clear why anthophyllite behaved differently from the other asovestos
minerals. Unfortunately, £ of 8 animals died of pneuwonia within the first twxo
weeks of the experiment and the remaining animals wore sacrificed at 1, 8 axd ‘12
months3 thus observations were not made at the optimmm periods of 2 end L months.

Second, with the mineral brucite, which is not a silicate tut is 2 fibrous
formn of magnesiwm hydroxide, a characteristic fibrosis like thal of the asbestos
minerals was obtained. Sincs the brucite usad conteined only O.90 per ceat silica
(as an jwpurity), it is obvicus that a siliceous component is pot an essential
factor in the development «f asbestosis.

Third, no fibrosis ..e:-m.},ted from the injection of glazs wool fibers, even
though glass wool resembles csbesivs in some ways. There are fundamental. differ—
ences, however. 4 glass wodi fiber 3 microns in diameter is 2 solid rod and, in
short iengths, is £§3.r1y rigid, waile an asbestos fiber of the same dismeter is a

. bundle of extremsly fine f.lements which impart 4o the fiber a high degree of flex~

ibility. It would seem thut this structure and tne associsted ilesbilily are




e e
.

gy

FEB-13-95 MON 17:35  J F HUMPHREYS ATTY FAX NO, 3043434188 P. 42

S .

important factors governing the capacity of a mineral to produce pe’ribronc)iiolar

fibrosis. : . .

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

- : e . =+~ been’demonstrated-that
the smaller the particles, the more intense is the tissue reaction, and that there
is 1ittle reaction to particles larger than 3 microns in diameter. In the cage
of asbestos, however, the reverse is true and apparently only long fibers have
any specific effect. This is confirmed by the data of Tab1§ 21, in which a series
of teste with fibrous minerals is reported. When the injected dust consisted of
fibers 20 to 50 microns long, all the minerals tested (except anthophyllite, as
noted in Section 80) produced a fibrosis; when the material was prepared by first
grinding the fibrous dust until the length of fibers was reduced to 20 wicrome and
less (ar, in some cases, 3 microns and less), none of the injected mindral dusts
cznged fibrosis. ‘ |

82. PExperiments Using Intravenous Techuique.

The experiments, described in Table 22, in which the intravenous method of
injection was employed, shox that the‘.asbesbos minerals are far different firom
quartz in their action on tissue. It has been repestedly demonstrated that imtra-
venous injection of quartz particles 3 microns and. jss w:neter will cause &
typdcal tissus reaction with the development of, ribro&h dn extrspulmonary sites,
such a8 the liver and spleen. Asbestos minerals, homer, on intravenous injection
generally produce oply an inert type of reaction, as is revealed by the results
given in the table. The reason for the early deaths in the experiment with chryso-
tile particles is not clear; it may have been caused by silicic acid liberated by

the finely-grouwd mineral.
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. 83. Exparimsnts Usiggﬁlntraperitoneal Technique.
The results of injection experimente with the intraperitoneal techniqus are

given in Tsble 23. It will be noted that the long-fiber dusts produced a fibrous
reaction while dusts composed of pa.rt.iclea 3 microns andl_lsss in size cansed only
an inert type of response. These experiwents indicate also‘ tl;ai: —1;3 ri;x:o:i;
initisted by the 1rritation of asbastos ﬁbére is not restricted to the lungs,

as was formerly w, but can be produced in the peritoneum as well.

gk i

e

2 mumber of additiopal experiments were corducted to thruw more light on
specific phases of the asbestosis problenm.

85. Protective Action of Alomimm Compounds.

Intratracheal injection of a suspension of long-fiber chrysotile to which
;ollaidal.almhm hydroxide hed been added revealed that the addition of the
alumigum compound did nst revent the tissue irritation produced by chrysotils. L %
If enything, the acute inflammatory respunse to the injected {ibrous mineral
was accelerated. One month after the 1&:@ i.njaction of ths dust suspension the

brenchioclitis was becaming mmm.

86. Formation of Asbestosis Bodies,

The iron in the costing of the asbéstosis body appears to be derived from
blood or tissue elements mmd not, as has been suggested, from the mineral fiber.
Following subcutansouns injection of two kinds of chrysotdle into the groin of
guines Pigs — one Ind containing 2 per cent and the othar 0.2 par cent FepO3—

. the asbestosis bodies were equally numerous &b both sites of injection.

l."‘,‘}lﬂ
oW \:4?{; e %b

g
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An attempt to produce asbestosis bodies in guinea pigs by implantation of
three silk bags containing fibrous chrysotile was unsuccessful. _One bag planted
subcutaneously in the abdominal wall disappeared;-the other two bags, placed in
the peritoneal caﬁty, produced a little foreign body reaction but no agbestosis

. - e
e el b v mm— ttebua b4 e A
o

bodies in a year. : ) . _

Intratracheal injection into guinea piés of asbestosls bodies recovered from
human Jung tissue failed to produce the typ:x.ca.l tissue reaction to aabestos
fibers. The injected material was cbtained by digesting with sodiym hypochlorite
solution lung tissue removed at autopsy from an asbestos worker. The asbestosis
bodies could be sesn in the guinea pigs for at least a year after injection.

This experiment shows that the asbestosis body bas a rather resistant coating
which is not destroyed by moderate hypochlorite trestment and may be maintained
in vivo for a yesr or longer.

/s\oaiéfﬁ» S

LIXXVII. THEQRY .OF TRRITANT-ACTION OF .ASBEST(S MINERALS
I S VD U W W U L U W W T S T

 Two hypotheses have boen proposed to explain the tissue irritation and reac-
tion cansed by asbestos fibers: the chemical and the mochanical. In the chemical
theory, which is based upon experience with quarte, it is assumed that the as-
bestos minerals dissolve in the body flulds and that in this process thair bases
are leaached awxy to lsave ﬂu in a form capable of irkitating tissues. Accord-
ing to this hypothesis, asbestosia would be mre]y an indirect silicosis. Seversl
facts make the chemical theory untensbles (1) intratracheal injections of bru-
cite fibers, which had a silica comtent of only 0.50 per cent, caused a typleal
fibrosis like that produced by the-asbestos minerals; (2) free-silica particlea
increase in potency as the particle size becomes less, but asbestos fibers

shorter than about 10 to 20 microns ars relatively inmocuous; (3) aluminum

-4
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' hydroxide neutralizes the irritating sifsct of guertz bubt not of asbesios;
(4) serpentine has the same chemiczl composition ag long-fiber chrysstile but
it does not produce the same kind of tissus rescticn; (S) there is a wide range
in the chemical composition of the mincrals which do cause asbestosis (see
Teble 24). In view of his eviderice it seems more likely that ssbestosis is
caused by an uousual niechenical irritaticen i'fom long asbeatos fibersj' Frobably
tnis irritationwi;‘rrelated to the peculiar filamsnted structure of thé Yiber and
the associated flexibility, which ure posseesed by no other foreign body. For
example, ignition of chrysotile fibers changed their structure and made them
inert while the same fibers, before being heated, would procim:«a> fibrodis (see
Table 19). Further support for the thaory of mechanical irritai;ion is that
asbestosis cccurs in an organ of nigh mobility - the lung - and that a fibrous
reaction can be produced by injection of asbestos fibers into the peritoneum,

’ . " vhere there is alsgo a degres 91' mobility, -‘c. rnot in other extrapulmonary organs.

‘I:’ A _’/’) w ’%;f
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The experimental investigation with asbestos minarals was concerned primarily
with the effect of the dust on normal tissue but some attention was given to

other phases, such as susceptibility to infection amd occurrence of malignancy.

89. Infectiom.

The only experiment in which the effect of inhaled ssbestos dust on a pul-
monary infection was studied was the first inhalation experiment, carried on with
"King's floats™ dust. It is, perhaps, unfortunate that infection stuiies were

not made in the other inhalation experiments also. W,

s
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. 90. Susceptibility to Tuberculous Infection. The develcpmént o a tuber-

| ~ culous process initiated at

the beginning of exposure to asbestos dust, and also of an infection superimposed
upon & established asbestosis, was described in Sections 19 and 20 of this re-_
port. 1t will be noted that agsbestos, when classified according to the effect
of a dust on tuberculous irfection, would be plsced below an active dust like
quartz but above inert dusts, such as calcite and gypsum. In enimals infected

th atiermated tubercle baci]li, quartz will cause the infectious process to .
progress until the animal dies of tuberculogis. Inert dusts will have no effect
‘on the infection and the lesions will usually hesel and the disease diséppear.
Lsbestos dust is in a different category. ¥hen the fibrous dust was being in-
haled during the evolution of the infection, there was & spreading of the tuber-
culous procegs for a time bub usually the stimmlus for continued proliferation of
the tubercle bacilli was not sustained, the prog:vbsion was arrested and healing
followed. In guinea pigs infected with attemuated tuvbercle bacilli following the
campletioh of nearly three years of exposure to asbestos dust, prog'eséive disease
did not develop. The only modification of the infection was one of localization,
a2 few bacilli being retained in the fibrous terminal broonchioles and forming
tubercles there in addition to the usual focl beneath the pleura. Such tubercles
healed in & few months and there was nothing to suggest amy influence on the

course of the disease.

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

effect of inmhaled asbestos dust on mon-tuberculous infection. Intercurrent pneu-

monia emong animls exposed W asbestos dust was rather common, the frequency in

guinea pigs exposed in the fowr inhalation experiments rapging from 15 to 39 per
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. cent. This incidental evidence cuzgesis Lhe possibility of an eifect of asbestes

dust on non-tuberculcus infection. iHevertheless, sincs such epldemics are not

uncomaon in iphalaticn experiszentc with other dusts and eveun in the colony of
normal enimals, it it Telt Lhat the inhalation of asbestos dx..st. cocs no+ axert a

Sk, ..4-..--...' Vo

significant effect on the susceptibility to.non-tuberculous pulmnary inre*t.ion.

!

2. Neoplesm. . : .
92 ._G_OL_____ ! & Coore <al le-cr.»(_

, Ho epecific experirert was cdrr.mctec. ddternine whether the jhhalation of
L’lc_)": w&ie.a-a Lae \-:—L’-‘“(‘\\g~ .-r,\;' k:’ Lt & i *WV‘ G‘h&_‘ Y

this mbgect\tere recorded in fhe outline gf- posed mon: gra.ph on asbestosis

submitted by ;‘t;he late Dr. L . 19113_.-" In it hs called atten-

\
There is an i&{;porb

made clear. A cancer ig a tumor, or neoplasm, capable \of local in‘asion and de-

capable of local

In order to cLa:ify the ct n.ature of these lesions the pati\logical mater-
ial is being carefully emiﬁj Since it is felt desirable to hav.
of Doctor Vorwald's judgment, a r;fiew of the data on this subjec’ is bying post—

pened until after his return from pe. Rather than delay the enl ie report,

. further discussion will bz regserved for\a suppledent to be issued lat 1.
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TS LUSTINS

ot o st o

~

Cring to the vast amounl of data : this report it seems rost
convenient to state the conclusions/deriyed from the javestigation aznd, vhen

necessary, follow each ane with a brigl resumz of Lhe evide.nf:e.

L smemm
R e T JPPIS Y ST

é, A. Various Iorms of a,sbestos_/fibers produce a pez'ibroncbiolar Titrosis of the

lungs of guiiea pigs, rats, catg and rabbits bui not of mics and

f
H

dogse.
Both irhalation ard injection axperiments provide aupls suppord

for tnis conclyusion

to two different %

B. The mode of 2ctiona

w Chemical i-n naturao ?rl P‘Ll‘z‘s bw
, h
’ The evidence is givefi in section LXXXVIT., Figures i, 2, 3, L and

7 illustrate the important points. The fibrous filzmenizd

structure of asbesiq s@zpent% pl::ty5 an essential part in the

ixritating action, pince the solid fibers of glass wool 4o mot

othuce fibrosis (see Figure 8). :
ar g ( b i 7

C. Short asbestos fibers [do rot produce fibrosis.
am———— —
The ocemci=mPen is Jmplied in th2 evidence mentionec¢ i para-
grapn B above. T;:zperiments wnich further eupport this {irding
[» SWTRPRE AN
are reperted in Tgbles 21 and 23.

"D. Typical fibrosis canjbe produced by an atmospheric suspsnsicn of
asbestos dust contaiping orly sn extremely small proportion of leng
fibers.

In the innalaticr experiment with 100 per cenbt tali-milled

- o
. . asbesios dust a fypical, though delayed, fibrosis was

o

.
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. 1ot
ed oni Table ~=7> E A ‘Ju\ holess L h' 2

(.

1 per cent of
tre zimmsohorlc cust conzisied of _[‘iber's; lonzer than 10

mderons, 75 is showm in Table 1). Ia c?ni:rast, the ictra—~
trachcal injaction experizent with fine ssbsstes dusi con—

- a alt e cadany e
e

:eining us Xoug fibers lediled Lo frcuwf Iibrosis,

e
t\,

an
G 4
P K

~3
nl

(gee Taml:

1D

net alter sigmificantiy &

. yﬁ'\“ &v. nA Ry
couras of experimental.tuberculosis iz inea pigsmWH ‘

V,x;~}¢tda- r

is based #oeg not conform with cur upual experience. 2Rafer-

ence to Table 3 will show that when finfection was coincidernt
vith onse: o dust exposure there w3 tewporary progressiorn of
the c¢igease with zubsequent healings vhen infaction was
initieted after 25 3/k months of dfist exposure the course cf the

tudberculous discase was not appreciably altered. In contrast, it

Ce o —

..

has been observed in experiments

quartz that il there is a slight

ith mixed dusts containing

progression of the tubercu-

losis vhen infection and dust exppswre sre coincident, this

effect is zore marked (instead of]
infection is initiated after a pq

¢

lgsz, as with asbestos) when

riod of dust exposurs.

This concliusion congerning the eJ.‘i‘ect. of imhaled asbestos

dust on tudercilosis seems jusiifizd because in the more sensi-

tive tesgy (infeciion initia

after ¢ period of dust erxposvre)

there was no anprccizble increas
tuberculors infection. liowever,

rmte e S . K . N . . .
Qe oo de . PR S CEARL R SR

in susceptibilitr to the

2.2,

ince the findings in ths

v Rante P

Leteey ey s e
(ISR Y AT (€ oy ‘vnvb, G
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v . v?

since tae cuaiiag nzberisl uszd/iu ian sinsle exparinant
dealing vith infechion con‘.‘:aiz‘7/d only. 2 reiativelr sasil

s £t L PO . S e al L. PR .. .
AROULAL O Lai'Viae LNl ianel, sp L8 Llivii Bitiniee sihee ¢ 2

Turther investigation of thif phase I asbastonls Lo e@dm ..wvocms

e .

sidersd.

-

F. The formation oi zsbestosis bpdies lgeeiis t.) Tevresens a coatinr of
['\'Dirfy G deypem -’U“‘J‘ o .2s it €1 “‘w‘l
the fibers amd Faidlts in lops of the adilitylto produce fibrosis.
Intratractieal injection pf asbcstosis bodizs fziled te
mrocduce the typical tisfue reacticn (sea section 36),
The cegaation of progrgssive reaction to inhaled

agbestos dugd soon affer sere terninates may be
: 8Xpo y

due to the formationfof asbestesis Lodies.

(W

R . . &~ P ‘ L. <
iz ‘{‘\.\\-.-.;ccq Gk o oo SR Aadbenirt

%3}:») j ol S
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= PLAINTIFF'S
§ EXHIBIT
4170.1
4 —
¥
\
AFFIDAVIT
WASHINGTON ‘ ) -
’ SS.
DISTRICT OF COLUMBIA )

o .
& a. it sy et e el

BEFORE ME, the undersigned Notary Public, persoﬁally 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 Institute
of Pathology, Washington, D.C. I am custodian of the original

archives of Dr. Arthur J. Vorwald.

Pages 1 through </ 2 attached hereto are true, correct and
authentic copies of documents from Dr. Arthur Vorwald’s archives.

The pages attached are Revised version of ASBESTOSIS -

Experimental Studies by The Saranac Laboratory, Report to. the

Johns-Manville Corporation, dated January 31, 1949

Dr. Vorwald was the Director of the 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.

t .
Dr. Vorwald’s archives are in such condition as to raise no
suspicion concerning their authenticity; they were received by the

Armed Forces Institute of Pathology from Dr. Vorwald’s widow after

RHODE AFFIDAVIT 2 Page 1 of 2
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Dr. Vorwald’s death; they are presently on file as authorized by
law in the National Museum of Health & Medicine, Armed Forces
Institute of Pathology, Building 54, Walter Reed Army Medical

Center, Washingtopn,.D.C. 20306-6000; and the archives have-been -ia-

existence for 20 (twenty) or more years.

SWORN TO AND SUBSCRIBED before me, the undersigned Notary

Public, on this the [ ¥ day of april, 1992.

Bmisi . Wit

’ NOTARY PUBLIC

Printed Name: @@5215 < ljka'gg.'amg

My Commission Expires:
27 E 95

RHODE AFFIDAVIT - Page 2 of 2
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V! MEzTROPOLITAN Lirx INSURANCE COMPAXNY
Ows Mascsow Arswue. Norw thas 30, X.Y.

BBALES At wreasen . A Docaades 16, 1948

. Pr. sdvtdmr J. Vol
. The Trevdeam Fowmmdstios
The Saremas Ladorwtiory
Sarsoas Laim, Now Iork

: Dear Arts v
ThaaXs for your lstter of WU lith. I bave just bean
inferned %Wy Mr. Yoodard that & meeting baa Doen calisd bWy thwe
authcritiss in Neatreal for_Decmmhat JRIL to discuss the

ashestad gitmtior in Quebon and to define o positiom of
ths previaacial govermaent. Itmﬂdhuﬁnml:hlpmu\

1tmmmuhﬂmort‘o39&0§‘%’
c report availadle to es for thils

. m.w.xmmm

Yith Yest Fegards and bewst wishes for tde haliday seascm.
Sinoceraly yomrs,

/
=
Ae Jo Lansa, .

Asscciate hodical Direotar
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EXHIBIT
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O3 Nasrvax Sexrow, Powibes 30, )Y,

Pr. Artar Verwll
The Barsnase Labaratory
Sarsamo Lake, Dow Yorx

Boaz Al*ts

PDoosamdar 20, 192

Rverytiing i» undar eontrol and thare will s »o

Mowesiiy £oT you to g 0 Nomtreal om tha 2Bth.

Bnat rezards,

Sincorely yoxrs,

_—:7.’:_".‘—:;::,'1.1:;

Aspooiate Nedionl Pireaser
r




Barek 3, 1949 [,
Anmeriesn Prake¥lok Miv. of 4.B.8. A P, C\‘ g 9 "
B biey S et oaa Conveny el
stos-Bsnhattan, Ine. : o P*

Rayde

The Iussell Rfg. .

Theraoid Cowpaay (Scuthern Asdestos)
Trion Asdestos & Pudder Co.

United States Gypsua Ce.

Baranss ladoratory

¥e have now recsived from Barsnas Labdoratory a

revised r-n s H of which {s euclosed) emtitled
WASBESTOS 061I8%, I dave sxaxined this

and I delieve it adopts the subdatance of sll of the sug-
gestions that were asde mrumtau-n: of the wnder-
writing growp with re tothe 1 of Septamder 30,
1948, You will that the earliier draft »as re-
viewed at 8 masting in Sew Yorkx om lov-bor 11 1958.
Hinates af this meeting, tnsluiing s list of
shanges, were sent you Rr. 3. P. Woodard -“r date
of Sovember 3, "“ :

A8 the nndhn are generslly ruvmbh.
bave renswed cIr Tequest that Sarsnas hhautory arrange
.fer the publicstien of tde report as proaptly as possidle,
‘prefoerably in the Jourmsl of I.cutrxal Sygiens, and with
o mm introfuction Wy Pr. A. J, Lansa,




