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R&d No. 2231

W. W. ¥, Sheplherd, Esq.,
Tutner & Newsll Ltd.,
Spotland, Rockdale.

& Deur Mr. Shephard:

Subject: Dr. Leroy U. Gardner's Asbestos
Dugt Exverinents.

Further to this subject, I now have pleasurs in
banding you berewith photostat copy of Dr. Gardner's
letter of February 24, 19,3 to Mr. Vandiver Browm,
and also copy of the "Outlins of Propcsed Monograph

. on Asbestosis.

I have found this outline to be extremsly interest-
ing. It brings cut a number of important new develop-
=ants, but wa feel that reference to the question of
cancer susceptiblllity should be omitted from the report
since it is inconclusive.

o I would appreciate receiving any comnents which
you may have to moks concernins the emclosed outline,
and slso will forward you tkhe fipel report as soon as
received. -

curl sincerely,
h — "“‘drﬁ;??j—“ﬂqé—(:‘fif?

‘em:ck KEASBEY & MATTISON COLEZANY ] -
Racl.

First Follow : "AINTIFE'S s
Second Follow . FATIVA L




FOR THE STUDY OF TUBERCULOSIS
' OF THE EDOWARD L. TRUDEAU FOUNDATION
SARANAC Laxe, N.Y,.

o © THE SARANAC LASORATORY {
| ;

February 24, 1943 Lo uoer |
J/
¥r. Vandiver Brovn ,
- Johna=-Manvilles Corporation 1
22 East 40th Street e ';
New York, New York .
) Dear Mr. Brown: _ _
. . I have at last succeeded in analyzing nost of our
v dinous experimental data snd assessing the results.] I reallze

T this should have been completed before this, but the emergency
has left me short-handed in the Laboratory and also necessltsted ny
doirg a good deal of extra traveling. I hope that the sponsors of
our study of asbestosls will be charitable and reallze that the work
has fer exceeded its original scope. : :

We have done over 40 different experiments, many of
then divided into several parts, which involved exposure of anizals
for 1 to 3 years to variocus dusts. The business of preparing micro- -
scopic sections and chenmically analyzing the tissues on more tran -
800 anicals has been a job in itself. iy time for studying sections
and analyzing data has been 30 linited that we are behind our ached-
ule. T have stlll not had time to write a full report of this work
which will of necessity be cmonographic. BHowever, for the bsneflt of
the contributors, I am suboitting a table of contents and an an-
notated outline to indicate conclusions and the line of arguuent that
will be developed. The latter itself occuples 15 pages, but I hopse

- they will find it sufficiently interesting to reed. I shall work on
. . the final nanuscript as I have opportunity. : 4

There sre a few experinents sgtill in prosgeaa which
shculd be completed by the tice we 2re ready for thso. he work on
metholds. of AQust determination, I consider important enough to in-
clude in the study. The question of cancer susceptiblility now seems
pore significant than I had previously imagined. I belleve I can
obtain support for repeating it from the cancer research group. As. . -
it will take two or three years to complete such a study, I bellieve
it would better be omitted from the present report. If it should

. become posaible to make tkis study, I hope that I amy count on soame
of your members to supply me with enough pwr-e, long fibre asbestos
for the purpose. _
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Ur. Vandiver Brown A 2= o February 24, 1943

Naturally, I shall welcome any oriticism that you or
any of the other contributors would care to offer. B8hould sny of
theno want to discuss detalls, I.would be pleased to meet with them.
May I take this oplortunity to thank all the sponaore through you for
the aupport that ve have had.

Sinoerelyhyoura.
Leroy U. Gardner, M. D.
Director
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QUTLINE OF PROPOSED MONOGRAPH ON ASBLSTOSI
S8aranac Laboratory Sgudx under Grant frono Aebgggg Aggggigglgg

PART I AN ASBESTOSIS .

Human Pathology - a study of 2S autopsy'aaaeg,Illuatratod
X-ray Patterns in Asbestosis, Illustrated -

Ash and Mineral Values in Human Asbestosis

QP

Conmplications of Asbestoslis
(a) Susceptibility to infection
i Tuberculous

. 12 Non-Tuberculous

114 Caacer of the lung
S Disablilty, causes snd comparison with sillicosis
6 Diagnosis
- (a) Hiétory of adequate exvosure

(o) X-ray film pattern

(c) Physical examination
(d) Asbestosis bodies in sputum, thelr slgnirlcance

PAXL -
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PART II Experimental Asbeatogls

Methods

(a) Inhalation exposure to plant dusts.
(b) Injestion into lungs through trachea of pure minerals.
(o) InJaction of pure minerals into other organs.

bpeclies Susceptibility

Han, guinea pigs, rabolits, ocats, white mice and rats,
dogs.

Peculiar Characteristics of Asbestosis

(a) Unusual locallizalon of chrysotile fibre in lungs.

(b) Rate of resultant tisaue reaction oore raplid than to
guartz.

(c) Heaction to chrysotile not progressive after exposure
ceases; agaln the reverse of the situation in silicosis.

. (d) Aabestosis Bodies

i Composition and methods of formation.
11 Occurences in 4different specles.
111 Formation does not parallel development of fibrosis
iv Gradual dlsappearance after exposure ceases.

Comparative Efrecta of Different Asbeatlrorn minerals. °

(a) Canadian Chrysotile.
(b) Arizona Chrysotile, low iron.
(¢) Crosidolite
i Bolivian apeclnen. atliff and slastic.
11 South African, soft and flexibdle.
(4) Anthophyllite ,
(e) Anosite.
(£) Tremolite.

Effects of Control Minerals

(a) Grannular Serpentine, sane chenical comsosition as
chrysotile. .

(b) Glass Wool, a synthetic silicate fibre.

(¢) Brucite, a fibrous magnesiun hydroxlde almost free of
silica :

Chemical Composition of Asbestifora minerals in Relation to
Irritation.

(a) Nothing in composition correlated with relative irritatl
‘capacity.
(o) Prelininary acld treatment

i Hydrochloric aqid
11 Cgrbonic acid
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(c) Effects of -

Physical Propértieansn Relation to Irritation

D) Effect of Cruahiqg

3‘) Length of fibre
) Heat treatment

~Nature and Significance of Aabestosis Body

(a) Formation

ib Protective effegt preventing further irritatlion
o) Ultimate solubility in tissue

Theories of Action of Aabaatirorn Minerals

(a) Chemical - reasons for considering invalid
(b) Mechanical - experimental demonatration of.

Complications

(a) Infection, tuberculosis and other varieties

(b) Cancer of lung - experimental data suggestive but not
proven .

Disability
Essential Features of Hazardous Exposure

(a) Nature of dust - fibrous coméonent and size factors

(b) Atmospheric Concentrations - probably lower than for
quartz ' : ' . :

i Inadequacy of standard impinger sanmpling method
which doee not collect the dangerous fibres

14 Electrostatic precipitatarsampling preferable but
method must be modified

(c) Duration of'Siboaure

Recoonendations for a New Standard of Safe Atmospheric Con-
centrations of Asbestos Dust

(a) The Quasi-official standard.of 4 to 5 million particles
der cu. ft.

(b) Work upon better method of sampling

(c) Necessity for comparison of results with X-ray findings
in employees

14 Prevention

(a) Chemical means not practical




1 Aclidosis neceaaary to dlaeolve ribre s o
than Asbestosls . =n 1“-“83 'OI'BO

11 Aluninum Therapy 1napplioable
111 Chief rellance atill upon dust prevention with
speoclal emphasis upon the fibrous componenta

s
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srosIs - ATiOTED QUILINE INDICATIX
A§BESTOSIS AN''CTED QUTLIIE INDICATING RESULTS

PART I - HUMAN ASBESTOSIS

I Human Pgihologz and X-ray Patterns - Description

Based upon 23 human autopsies

2 Ash gnd Mineral Vgluss in Human Lungs.
3 Complication of Agbegtonls

-4

(a) Susceptibility to Infection
i Tuberculous- High incidence in English experience not
duplicated in surveys of American Plants. .
Avallable autopsy statistics deceliving because of sel-
ection of .material.

11 Non-Tuberoulous< The same reason probably applies
should be checked. by analysis of ab-
aenteelsm anong asbestos workers.

111 Cancer of Lung Ditto, but there are now on record 10
: cases of. lung cancer in asbestos workers.
Compared to the total number of autopsies
on asbestosls, this incildence.is excessive.
No such frequency has been discovered in
sllicosis Qr other forms of pneumoconio-
8ls except, the Schneeberg mines of radio-
active ores. The evidence is suggestive
but not conclusive that asbestoslis may
- precipltate the development of cancer in
gusceptible individuals.

Diasabllit

Clinical experience suggests that truly dlsabling asbestcsls is
panifested by less striking X-ray changes than a correesponding
degree of silicosis. Buch dlsability in asbestosis is due to
disease within the lunga and not to secondary heart disease. As
& sllicosls, assoclated pulmonary infectlion increases the amount
Sg geverity of the dust fibrosls with resultant accentuation of

- disatility. There is urgent need for a careful physiological

gstudy of pulmonary function ln asbestosls of varying severity.
Undoubtedly, there are many dlagnosable cases with no significant

disability.

5 Disgcnosis depends upon three factors.

(a) History of sdequate exposure, usually 6 to € years, eome-
times longer, at work where both the concentration and
ckaracter of the "asbestos® dust sre hazardous.
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(o) Evidence of disease:in a characteristic X-ray pattern.: zgﬁﬁgz

. (¢) A physical Uxaminstion which reveals certain ct aracterlstiosi
signs and ray revaal evidences of disability if present.. ~

(d) Asbestosis bodies ln the sputun are conrirmatory when tne-'
nrevious factora are all nositive. However, the bodles =f;‘;
gnay be absgent, particularly 1. the abgernse of bronchltla
infection.

‘ Aabeatoaubodiaa unsupoorted by other evidence do not make ..

.8 dlagnosis. 'Occasional ones have been found in about 15
autopsy specimens of persons with no known exposure and no.
fibrostis, probably ot non-ocoupational origin. .

.QQ“O“OQQ’O'Q.“.""MOQQOOQ“QQQQ . ‘._- .,::.:
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| PART _x Em_zm; Ammm
b ’ .. ";" u.. s c.,‘-*)°'
A L < e
I Methods -, ;._..' B ".’- s . ;";\
(a) __Qg_gg;gn g_gg___g_ to Plant Dua; - Bpeciric tlbroaia Ln
1ungs, but no ohangea elsewhere.@ S ‘ '.3;a;
! s
() Injections gof Susgenaicng 2; Pure’ Hlngrale lnto Traohea‘éz”f
° S8imilar reaulca. S _23.L;_,,.r~‘. : :;‘ : 133%¢$?

t-,‘..‘
(¢c) Inlection of Busuenslgn of Pure® Hineral lnto otner organs -
. Fibres dissolved; nc aspestosis delea- tissue reaction’ con-

. fined to phygocytosis and ennapsula:ion.; Compare the h‘:::
asbestos carws of nunan,aubjecta AT I ,\;&%5:
wd ATty i
9 5. et 8l ::‘.v\f\- 3 i v ("ﬂ.ﬂ.
I Species Susceptidil 3;1 'H‘ﬁggg?”fgff -;:S?f: . fﬁzgﬂfq
) Unlike free silica. aabaaton 'does not . produoe 1ta apeoirio arZecta
~ An any organ of. any: speclies: .0f .anizal 5 It rcauses fibrosis’ onlr in
. the lungs of man. and tnoaq og:a fev qf the spociaa tested, % ﬁr~“-
. _,.U ,7 “a J-_' &:" -il-'z, -\ ol : .g,.‘, . ': r.\: A
e o 2L uef,
Species Fibrosis Aabaatgg Bgd;gg =Jfbjl pg 1o F;bzgg;g Asbggg_ﬂ_aqg_,
I R RS AR s e L g Sy
¥an 4+ c 4 T e R R Qag*.h-:;" R I ML oo
YA N SRR T R RS e
Guinea Pig 2+ L e S A Yhice House ‘Q -+ : e
ot v e AT g S T e L i
Rabbit ' + - 15. vcba;-:ﬁﬁ?ﬂw;mw ) aa: ao~w~-- :ﬂwho}1;»
@2 S very amall atypicsl aﬂhﬂﬂIQﬂ nodieal DOS Rifsat g T P QR
-3 “ i"'--: ‘.' \":l;"l i * " ;.- ; :‘5:.:. 4 G ) -.: ‘_’Eﬁﬂ,’é‘}"
III chuliar haraotgria;lcg g_ Asbeetoni o 4@qﬁg- ,
‘44 "i' ; ..... -.‘l.-' ,;(‘

(a) Looalizatlon or rlbrcus minera s 15 lungs dirrera fron that:

. -, n by LY . . PV ." ":.‘"'T o
of granalar dust. partioleﬂ- 4-\~«' ﬁL (e e R e
R X A o Y g, "Qt_ e e Ly ;
",ﬂ"!_“ M "-'# R .n.‘_ 't e
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1+ Fibres 11ke chrysotlile having a certain degree of flexibility
and elasticlty accunulate within the flnest air tubes; granular
dust is ocarrled further on and is widely scattered through the '

terminal air spaces.

(b)
S (e).

(a)

if

Rate of tlssue reaction to asbeetos 1a much more rapid than
to an active dust like quartz. Evidences of formation appear
as soon as sufficlent concentration of fibres has localized
‘An speoific areas; with quartz, there is a latent period of

nontha.

Reactlion to asbestos does not progress on cessation of expos-
ure. JYoung scar tissue that may have formed, contracts and
becomes nore dense but the area of involvement decreases in.
8lze. In sllicosis, the .young nodules become larger after

exposure ceases.

Asbestosia Bodles sre a specific concommitant of this rornsdr

' pneumoconloslis. They are due to a deposit of protein and iron

upon the surface of inhaled fibres. In gulnea pigs they form
after about 60 days of contact with the tigsue. They are abund-
ant in man and guinea pigs, (See paragraph 2 above) buf much
larger in the former probably because the larger sized alr tubes
adoit larger fibres. In cats, rabbits and mice, there is an
atypical coating of a few of the fibres after muoh longer resi-
dence in the lungs; in rats and dogs no bodies could be dis-
covered. - From paragrach 2 i1t 1s apparent that their occurence
-does not parallel developzment = fiorosis. In lung injection
experinent, the bodies have il “eveloped until after filbrosie
te~upll edyrnced. The number of bodies seems tu deccrease
several Yyears after exposure ceases.

Comparative Effects of Different Asbestoeis Minerals
e N

(a)
(b)

Canadian Shrysotile - highly irritating.

Arizona Chrysotile (low in iron) equally irritating and oro-
duces Just.-as many asbestosals bodles as the Canadisn product

th over ll times as much iron. :

(c) Crocidolite - The South African blue asbesstos is known to cauae

asbestosis. Only a limited supply of thls material in pure
form was avallable, most of 1t was used earlier in the work in
non-productive exgerimente. For the later critical injectlion
tests into the lungs, a Bollvian variety was substituted be-
cause of its high purity. Its fibres were much atraighter,
stiffer and more elastic than the cottony South African varlety.
Perhaps because of these peculiaritles, 1t has not given
reactions comparable to chrysotile. It produced asbeatosis
bodles but did not locallze in the terninal alr tubes nor casuse

" any fibrosis. Teats now being repeated with a typical South

- Lk (3)

African crocidolite with physical characteristics siRulating
chrysotile. o

. .. o——— o



(d) Anthoohyllite - stiff, straight rlbrea - atyplocal aabeatoais L{
bodies forms slowly but no localization or fibrosis 1n lunga. :

(e) Anmosite - Ditto. . L
(f) Acophibole - Ditto. . , L. .;; ?':iﬁgt"t '5 -
-(g) Tremolite - Ditto but very rav asbestosis sadies'- Obaervation
being continued. .gxzur:lij.=" ‘- o
! Control Minersl . ..t; ;'.  1;;. },;_;i

(a) Granuler Serpentine of same chemioal composition as ¢ ebt;ler
is inert causing no fibrosis in lungs or other organs. 1 AR
attracts iron fron the lungs but of csourse, no 'bodies' devclop.

(b) Glasg Wool({a synthetlic silicate) fibres are not inhalabla rron
sir-borne suspensions, apparently because of their stiffness

(the diameter is not reasponsible as some used were less than '

1 micron thick) On injection into the lungs, they do not *'F“"
locelize in the alr.tubes but are widely scattered. They cause -
no fibrosis. After 3 or 4 oonths in contast with lung fluid,.

a few glass fibres take up iron but remain smooth. They never
show the swollen ends and lataral projectians of the true . -
asbegtosis bodles. . 5. i .

(c) Brucite of interest beocause it is a rlbrous ‘mineral practically
free of silica (0.9%). Crystallographically the arrangement of
ita Hg and OH groups in each unit cell is similar to that in
chrysotile. The sample used also contained about 165 iron, pro-
bably from sontaninafing magnetite. The fibres are stiff and
needle lixe. Observdions not yet completed but after 2 months
in the lungs, typical asbestosis bodles develop but there is as
yet no fibrosls. éhe fibre are scattered through the lung instead
of being. localized inaside the terminal air tubes and tisaue
reaction’ oocurs around, instead of within the tubes.

I Chenmicel Comnceition in Relation to Irritation

(s) Nothing in the following chemical conpositions can be cor-
related with varlatlons in capacity to provoke tlssue reactlon.

) . (See Table Next.Page)
i
J. y ” - “. :"‘;
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(b)

f‘_) B oy pone

i One hour in 4ilute or conoentrated HGL does not altar “Q P
pearance of fibre but after such treatment it rapidly dia-
solves and disappears on injecting into living tissuaa.. e

AL Treatment with COo bubbled through vater or lung Julce ﬁm-

. suspensions of chrysotile fibres cauaes partial aolution

with llberation of silica and magnesia. '

- e
PRI S T
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(¢) Colloidal allumina does not neutralize—tha erfecta of asbestos
as it does quartz. On injJecting chrysotile suspendsd in . °.
aluminun hydrate solution, fibroslis and asbestos bodies dev-
elop at the usual rate. ft remains to demonstrate whether the
fibres-become coated with a layer of aluiinum monohydrate . as .
has béen proved in the case of quartz. <f they have, the coatL
does not affect their capacity to irritate tissue. .

VII Physical Properties in Relation 3o rrltg;log of Lung Tissue 'ﬁ
. (a) Lenpth of Fibre . : . :ﬁi{?i% :

Short chrysotile fibresunder 3 microns ‘are practically lnerz.
20 to 50 micron fibres cause typical fibrosis.

The effects of longer ones could not be tested for technlcal
X‘OEIBORB . .gi.‘.

. ey
Laee
-~

(b) Crushing completely deatroys the fibrous structure of
chrysotile. With losa of structure, all capacity to irritata

disappears. . N
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(c)“Hga; AT 1gn1tlon“;emperatursl;vater 18" drzvongntr,but tha;ﬂ'ﬁ? :

w*;tlbromatructuro is preserved.s‘rlbres ‘bDecoms’ extrexsly: brittla.,;f
W “The physical change altars typical localization within the-:

(2) .

(b) .

(¢)
(a)

(e)

111

. lungs, no fibros‘s develops,: Teactlion’ limitod to: phynsooytoais”

" No aabntoala bod.:.u forned. . 7-_ B AL LR T Sy

o S gt i P A T idd. "

¥ "‘"’i“‘" IR TRy O "":..\ 4.,;, I silrvss
IS 151 7Y C AT i "“‘4 .u-.,
Bodies probably reault from dopcaltion 92 ‘iron’ ‘and organlc .
matter on a slowly dissolving fibre oflasdestos..:The source.
© of the iron is more liksly to De. the.lung .tlissue than the
mineral itself as thes: coatingfla ‘Juat 'as:heavyon:-fibrous .
Binerals or law iron ‘gontent.as- upon. thoss- high in 1ron. R
Bioa (et nq-uy‘y;f-f‘”.-_;,k. ,.¢&V~x F N 'V'-:'h'.'f
The erreot of asbestosis bodyQ:ornation is aasunod to de pro-u‘
tective although it has not-been. paaaiblaeto lsolate & largs ' :
enough quantity of. these otruoturea 'An’unaltered.form for ..~ :%.
purposes of test.  The smoothirounded-ends’ presented-by ths "~ -
bodiss would not de noohanioall: eritating*'f"-dim~af :;“'fb
T E P - SR

If they were oapablc or caualng irrltation.<the rihroais in the
‘lungs should progresa afger oxposure Ceases, wnicn 1t doea not._

”“,° B ,4.....-. -;_._“. e I PR .7' -.»

The e*ggyal diaappearanco of’ bodiea (and’rihraa) long after - %.

exzosud¥’boints to ultimate solubility pE.y tiasue flulds. = -

The bodies are probably a fortultous oonoonnitant rather tnan
a csuse of fibroals. e

»a~ Theories of Irri<tant Action of As gg;ifor* Minerals

(a)

- (b)

Che:ical These exDerinents do not conflrm the theory that
asbestosis 18 merely a form of silicosis resulting fron free
silica liberated in the solution of a silicate molecule. I?f
thls were true asbestos lixe cuartz, should cause fibrosis in
any organ of any species for the experinents have shown that
injected asbDestos dissolves in these locations. However, it
goes not c-use such reaction in eny location but tne lunga of &
apecies. -~ . .

Hg"‘*anicg Irritation

We ure proposing the theory of nechanicel irritation which 1s
panifested only in the lungs because this organ i3 ths only one
whose normal physiological funstions involve a high degree of
moblility. Zxperipents designed to prove the necessity for motion

- in this tissue have falled for technical reasons.

For this theory to be asplicable,.- it ia necessary that the - .
fibres be concentrated in the fiye ternminal air tuves. It has
begn grown that only chrysotile of the asbestiform ninerals thus
‘ as the proper physical characteriatics.to insure such
;localization. t 18 also essential that the fibra shall persi=st
lony encugh before it Alssoclves in ths lunga of species like '
nice, rats,*dogs. 1t &ccareatly dissolves. so rapidly that 1t
exerts no irritation. 3Sinilarly rapid aglution may explain

in part, the lack of flbrosla in organa other than the lungs.

T L g .
' .l,. : o ‘ r { . ‘, . ’.‘
N . s e s
O T v Tt

*, a.' F

. .
1 - . o .
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The fibres must be long enouzh so that they cannot be completely
surrounded by pharocytic oells which would prevent contact of these
round, brocken ends with the delicate cells supporting the ailr tubes.
Obaervation has denmoanstrated that these conditions are realized ia
guinea pige treated with long fibrs chrysotile and fibrosis results.
With the other asbestifornm minerals that have been tested, some or
all of the preraquisits were lacking and no fibrosis developed.

{(¢) If the irritation were chemlcal, fine serpentine which has the
sane chemical composition as chrysotlila should have also cauaed
£ibrosis. The crushed chrysotile shoudl have been more active
than intact fibres, because of the greater surface areas ex-

-+ posed to body fluids. On the assumption that ohrysotile, like
. ‘auartz, becomes coated with a very thin layer of aluninmz on

treatnent with colloidal aluminum hydroxide, capacity to cause
fibrosis should be destroyed if the sction were chemical but

such 1§ not the case. . itvn

(d) %re heavy coating resulting from asoestosis body formation ap-
parently does stop tissue reaction but here the effects are
probably mechanical for reasons cited.

(e) Heat sufficlent to alter chemlcal structure 4 estroys power
to irritate but it also alters essential physical characterlastic:
that affect localization . of the fibres in the lungs.

¥ Comolications

(a) Buscentibility to Infection
. dvst

1 Tuberculous - Asbestos behaves like most other mineralg, in
this respect and not like cuartz which specifically lncreases
native susceptlibility to the tubercle bacillus. This in-
fection may soread for a time dbut then heals. The resultant
fidbrosis accentuates trhat caused by the mineral fibre.

11 Non-Tuberculous - of no greater frequency then in aninals
inhaling dusts of other kinds. Occaslonal epidemics of
pneumonia occur in our dust rooms, but these are due to
methods of houaing rather than to dust; they eam also occur
in unexposed aninmals.

111" Cancer of Lungg .
Pacticvlerly

No experiments were,designed to elucidate this point but
gertain evidence suggests that asbestosls may actually
favor ¢evelopment of tumors in susceptible speclies.

1 In gulnea pigs, rabblits, rats, cats and dogs lung tumors
are rare.

2 VYhen these speocles were subjéoted to 2 to 3 years in-
halation of asbestos dust, the incidence of lung tumor
was not inoreased. N

iw " . s, T .



X1

-d- e

3 Some strains of white mice do develop tumors without
apparent ocause. ' g

4 Such a strain of white mice was unlntentionallj used in
. three inhalation experinments with asbestos.

5 92¢ 1l mice inhaling long fibre asbestos for 15 to 24 months
8 developed malignant tumors in their iungs and 8 of them .

had tumors in other organs. Ihe incidence rate 81.8% is .

excessive.
€ Of 22 mice inhaling I% re asbestos for not longer than
12 months only 3 devefoped tumors. Rate 13,6%

7 As controla, we have only the experiencs with mice in othcr
dugt experinents,
For short periods, there were S1 mice exposed to 4 other
kinga of dust for 10 to 12 months. Incidense of lung tumor
1.9

For lons periods, there were 143 mice expoaed to 4 different

kinda of dust, ilnocluding pure quartz, 23 to 31 months. For
all this group of mice the average incidence of lung tunmor
waa 13.8%: the highest rate (25%) was in a subgroup exposed
to flint dusgt.

Thus the incidence of lung cancer in the long fibre asbestos mice
was over 15 times the average for nice inhaling other dusts for
comparable perlods and over 3 tizes the maxinum for any other’ group.
Mice exposed to the practically inert short fibre asbestos showed
fewer lung tumors although 7 times more than those in ahort exposuree
to other'duata. .

“hese observationa are sugreative but not conclusive evidence of a
cancer stimulating aotion by asbestos duat. They are open to
geveral criticisns. The straln of mice was not the same in the
asbeatos 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 apperently necsssary to
produce many -tucors. <+here were no unexgosed controls of the same
strain and age and no dimlilar controls exposed to other dusts.

It is hoped that this experiment can be repeated under properly
controlled conditions to determine whether asbestos actually favors
cencer of the lung.

Dissgbility

Cannot be deternined in animals. Yhe accidental deaths were
froo the same causes met with in all our dust inhalation experi-

nents.
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L %he hazrdas increases witn the proportion ‘of_intact fibres - < @R
in the dust. OJranular material and orushed fibre are ;’fﬂ‘
inert dlluents. "“," "

*.

*‘».

1L The lon% fibres must be thin enough (1-3 Microns) and short: ‘g;
enough (under 50 Microns?) to be inhaled. L

111 Very short rlbreo (under 3 Miorons) are practically inert.

(b) Atoogpheric Concentration 8till under study.

Apparently this factor is lower than in the case of dusts
conposed of granular ninerals but nethods of estization are
nisleading. :

‘. . . u. ‘e

ﬂ

1 The aversage atandard Publio “ealth Servioe impinger count
in the long fibre asbistoa dust roon'was .40 nmlllion particles
per cu. ft. of air. nis concentration:caused fibrosis
visible toc the naked eye in 20 to 24 minths. For comparison
the average iopinger counts in an experizent with pure
quartz vas 120 million particles per cu. rt. and fibroais
developed at about the sane rate. fx; ey
. LT & A . - .
11 However, impinger counts are deceptlve because by thia -
method of sampling very few fibres, which are tne significant
elements in the dust are oollected.:f'-jf;

_ ¢ 1"

111 Sacpling with an electrocatatioc precipitator is a puch more .
efficlient means of collecting fibres from air-borne sus- '
pensions. Samples from our long fibre asbestos room
showed that the dust in the air contained 32.5% of fibres
few of which had been collecteld or counted in the iopinger
sinple. The latter aanpled largely the inert granular parti-
oles. .

"iv As ordlnarlly employed precipitator aamples are weighed and
the results expressed in mg. per cubic foot of air. There
is no means of converting such values into numbers of
.perticles particularly when theae vary ln slze, shape and
apeciric gravity.

'.' L.
. o ‘,__.,',_..

v Slnultaneoua eanpltng with precipitator and standard im-
pinger yielded the respective values of 0.65 mg and &0 nil-
lion particles per cubic root of air.

vi ‘heoretically the best index of hazard would be either the
number or weight of fibrous elements in the dust.

A - IA‘A'Q\
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1 Fibrosis viclble to the naked eye after 12 months exuosurew
~increases 1in extent in subsequent 1a ,gonths. i ’

"--3'

D -"

11 The span of life of ow nmost suacegtible laboratory aniaal.
T the guinea plg has prevented continuing ‘exposure longer tnan
. ';; - three years. In this period only the cocipsratively early -.

TR stagee of ‘asbestosis have been produced.: With the know-
ledge that we have gained. i%. 1. probable that more extenaive
dlsease could hsve been produced with a purer long fibre
chrysotile. The long lived species,-like cats, dogs are un-

fortunately not suaceptiblgf._ . e %_

:iilj'Fcr these reasons X-ray changee have been pininal and we

" were not able to rulfill one of the obJeotivee of this pro-
gram. . _ ,.‘., )
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Reconnendation fgg 2 S;an d of g Atmgsghgr‘c Concentra

: - of. Asnestog Dusty. BTy {;?‘,, .

L Mg i e i

'.-Q#{Ka) While there 1a no ofrlcial atandard. ‘the: tentative one o’
T, - 4 or § million particlea per cubic root or air is freQuently

auoted. , ‘ . e 2 -

. »\- - » .
.‘.V N o~

7 . (r) This 1s probably nnrallable because it -is’ baeed upon samollng
- . with a standard ippinger which we havershown does not collect
' oesf of the flbres that are the source of h;zard-

We now think that a standard should be- based upon sanples ‘
collected with an electrostatic precipitator 1f it 1s feasible
%o deteraine reazdily the relative proportion of fibres irn such
neterlal. 3 } pE L L
* . AETS "

(¢) VWorkz 1s still in progreaa uzon - the latter point. ‘ f

v .-q ..*4 ’{‘?3_ 5. .‘.

- (e) To te of wvalue’ the new standard VouldthY8f¢O ‘be .correlated .- - e
with the"X-rey findings- upon*employeea expoaed to dirrerent N

concentrations or duat.‘,,..,?- ' .ﬁﬂ;ﬁng-mg [N PR

T '-"”.a.. o .\.é.‘.;‘;":,;,‘.’ ':"1‘;.':;#. : ‘--
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The experinments hz ve ralled to’ develop anyapractical cheuical s
nesns of neutralizing the action’of fibrous: aabes 08.; ’
.-,"‘";g‘_-.’-' «,.4,,,'5 3. -, o
(a) To alter the hunan?lung ‘so that 1t vodld alsnolveﬂasoestoe Caen
fibres repldly like a rat would necesaltute: (wretetir) R
creetirg an acldoals whioh would be.worae than the elfests of 7

the fibrosie. S wIR

a
4’; .o
S




— - T T ; -] . A o .~ ‘-_si ¢ S ‘.‘.W .o TS P \'-lﬂ

: PR AT PR LT LRI * v """“‘.-4...‘:5.. “?’.\*\‘ ".::;i{':'f.‘ e, fﬁj’j:‘gﬁx : ;"-:.‘:*..__-?fﬂ'-f:!:,lu,:g“;'_r

e SEe R SRR ST AN S R R

PR MCRR~T q‘,qs..-.‘~~,.. Q,.'&J. f'?e“"(-“ e N R L T «.'-; '.";:“... wa.o‘ﬁf} -"_ .s.ﬂ\_,;z;.
.. ‘o )

AR (b) . Apparsntly aluminum,’which 1s. 80 effeotive- e.galnﬂf*f%'” ‘11}04:'
A

t

) "..' - Wil \.“":-:"w 53 4..;:.'.‘-.-.-.."3- ..',‘\,.;g.""‘f-,, e 'k.d’v« ﬂv“
, (g) However, it would- bq"o: great "theoretical interest: “to tream;&f»-.
f ‘ few gases with real; djepnoea'irm: asbeatosis: by ‘aluminum inv:‘ P
i» nglation. We areibyzo memarperta;n,yncther ~Lhay tavorable- v
¥3! pesultsa upon advanced: gilicpotics are:dug £pia’ qhemlgal nouyrali'-
Z ?a&zatlon of quarti+ipithe lungs.,-»Aluminun L% m*tmvo.r-aocaymr 3
5 e é':,»general phama‘oﬂorlagig‘a.l ar.rg_qt ;vhicq. 1:1:];ucncas 33’822&0:3.':. ﬁ::g‘q,_
; It " R "t‘v TR e el it ::.‘ w',..r.:*:.::-.l‘a.“.’.”. J“t“ 'u(’
' -.:f(d) Chief rallance"ﬁ'us: enlll bo ‘based “upon. com:rol"ot dust -Intche
gL alr and, in view: ofxthese ~experzmer}ta"fpa.rticularly upon- the .o

.has little inflilende:lpon fibrous ohkrysotileiEsiirie:s _p.»ﬁ‘%f

h vaca b
z: . fibrous componenta’of euan 1duat,s -w‘?--‘-"?};‘:.*:-".“.":!.
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