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Dear ¥r, Mushleeck, =+ °° I o ,

Br. Leroy U. Gardner’s Asbestos Dust Experimsnts

-~ Thank you very muel for your lettsr 'KiM Bo. 2831 of =~ - ¥
March 8th enclosing photostat copy of Dr. Gardnsr's letter of’
¥ebruary 24th to Xr. Tandiver Brown, and also & copy of the = .=
"Outline of the Proposed Monograph on Asbestosis"®,

O " I will arrange for these dé&&ﬁshts'%5ﬁ$0a5§QAiéd'$y those

of our officials who are best informed oz the subject.of asbestosis
ancd will let you have our commonts as socon

‘they 'ars available.
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(Bluoket Liceass jlo, ¥-1099)

KEasBEY & MarTtisox Goxpany

ATk RIS OF ASSE170Y ARG manu( fia AEOSVETS Biuit 873

AMDLER. PENNSYLVANIA

March 8, 1943.

K& § No. 2831

W. W. F. Shephord, Esg.,
Turner & Newall Ltd,,
Spotland, Rochdals,
Deur Nr. Shepherd:

Subject: Dr. Leroy U. Gardaer's Asbestos
Dust Experimeants.

Furtker to this subject, I now have pleasure in
handing you herewith photostat copy of Dr. Gardmer's
letter of February 24, 19.3 to Mr. Vendiver Brown,
and also copy of the *Outline of Proposed Mopmograph
on Asbestosis.™

I have found this outline to be erxrtremsly interest-
ing. It brings out a number of important nex develop-
ments, but wo feel that reference to tbe question of
cencer susceptibility should de omitted froz the report
since it is inconclusive.

I would appreciate receivinz any commcrntes wkich
you m2y heve to make cozcersing ths enclocsed outline,
and. also will forward you the final report as soon as
received, - ‘

{‘lfoa sincerely,
em: ck KEASESY & MATTISON COLPANY

Rncl.
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FOR THE STUDY OF TUBERCULOSIS
" OF THE EDWALD L. TAUDEAU FOUNDATION
SARANAC Laxg, N.Y.
iy

February 24, 1943 AN PCH

]
THE SARANAC LABORATORY }

¥r. Yandiver Brown
Johne-Nanville Corporation 1
22 East 40th Street e e
New York, New York

Dear Mr. Brown:

. : I have at last succeeled in analyzing pnost of our
veI®Sinous experimental data snd assessing the results.] I realize

‘R4t this should have been oompleted before this, but the emerzency

has left pme short-handed in the Laboratory and aleo necessltsted oy
doing a good deal of extra traveling. I hope that the sponsors of
our study of asbestosis will be charitable and reallze that tre worx
has far exceeced its original scope.

We have done over 40 different experiments, Bbany of
then divided into several parts, which involved exposure of anisale
for 1 to 3 years to various dusts. The business of preparing olicro-
scopic sections and chenically analyzing the tissues on Dore tran
800 anipals haes been a jJob in iteelf. Hy time for studylng eectlons
and analyzing data has been so linited that we are behind our eschec-
ule. T have still not had time to write a full report of this work
which w11l of necessity be conographic. Bowever, for the berefit of
the contributors, I am subnitting a table of oontents and an an-
notated outline to indicate concluslone and the line of arguzent that
will be developed. The latter itself occuples 15 pages, but I hore
they will find it sufficiently interesting to reed. shall worx on
the final manuscript as I have opportunity.

. There sre a few expericents still in progfene which
shculd be coazpleted by the time we ere ready for thexm. he work on
methods.of Quet cdeterzination, 1 oonsider important enough to in-
clude in the study. The question of cancer susceptibllity now seems
pere signiflcant than I had previously imagined. I belleve I can
obtain support for repeating it froo the cancter resesrch group. As
1t will take tvwo or three years to oomplete such a study, I believe
it would better be omitted fronm ths present report. If it should
become possible to make thie study, I hope that I amy count on eome
of your mezbers to supply me with enough pure, long fibre asbestos
for the purpose.
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Ur. Vandiver Brown 2= ‘ February 24, 1943

Naturally, 1 shall welcome any oritiolism that you or
any of the other contributors would care to offer. Bhould any of
thea want to discuss details, I.would be pleased to meet with then.
May I take this opjortunity to thank all the sponsors through you for
the support that we have had. :

Bincarelyﬂyoura,

e

Leroy U. Gardner, M. D.
Director ~
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QUTLINE 0? PROPOSED MOLOORAPH ON ASB;STOSIB

Saranac laboratory Study under Grant fron Aabgg;g AglggAﬂiiig

PART I HUMAN ASBESTOSIS -

X-ray Patterns in Asbestosis, Illustrated

Ash and Mineral Values in Human Asbestosis

LN ¥ B o T & |

Conplications of Aabestosis

{a) Susceptibility to infection
: 4 Tuberoulous

it Non-Tuberculous
11y Cancer of the lung

5 Disablilty, causes #nd cooparison with sllicosls
€& Diagnosis
" (a) History of adecuate expjosure

{o) X-ray film patiern

(¢) Physical examination
(c) Asbestosis bodiea in sputua, their aignificanca

I

Humsn Pathology - a study of 25 autopsy.aaaeg,Illustrhtod
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(2)
PART II Exoerimental Aebentosie

I VYethods .
{a) Inhalation exposure to plant dusts.
(v} Injeotion into lungs through trachea of pure ninerals.
(o) Injection of pure minerals into other organs.

2 bBpeclies Susceptibllity

Man, gﬁinea pigs, raboits, cats, white mice and rats,
doge. :

3 Pecullar Charaoteristics of Asbeatosls

(a) Unusual localizaion of chryeotlile fibre in lungs.
(p) Rate of resultant tigsue reaction oore rapid than to

guartz.
(c) Reaction to chrysctlle not progressive after exposure
~ ceases; agaln the reverse of the situation in silicosis.

(d) Aebestosis Bodlies

1 Composition and methods of formation.
11 Occurence in different specles.
111 For=oation does not parallel developoent of fibrosis.
iv Gradual disappearance after exposure ceases.

4 Cooparative Effects of Different Asbestiforo minerals. °

(a) Canadian Chrysotile.

(b} Arizona Chrysotile, low iron.

{(c) Crocidolite
-4 Bolivian speolpen, stiff and elastic.
11 South Afriocan, soft and flexible.

(¢) Anthophrllite

(e) Amosite.

- (f) Tremolite.

& Effects of Control ¥inerals

. {e) Grannular Serpentine, ssce ohenlcel comiositlon as
. chrysotile. . .
(b) Glase Wool, a synthetic sllicate fibre.
(o) Brgoite, a fidbrous magnesiun hydroxide almoet free of
silica . )

6 Cheoical Composition of Aebestiforn minerals ‘in Relation to
Irritation.

(a) Nothing in compoeition correlated with relative irritatir
‘capacity. .
{b) Prelipinary acid treatment

{ Hydrochloric aoid
11 Cardonic acid

75411‘;"(.’3 ceeme e . .- e ee s
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(c) Efreots of Aluninum
Physioal Properties in Relation to Irritation
a) Length of fibre

b) Effeot of Crushing
o) Heat treatment

Nature and Significance of Asbestosis Body
(a) Forzation

éb) Protective effect preventing further irritation
o) Ultimate eolubility in tlssue

Theories of Aotion of Aabeetirorn Minerals

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

Complications
(a) Infection, tuberculosis and other varieties
(b) Cancer of lung ~ experimental data suggestive but not
proven . .
Disabllity
Essential Features of Hazardous Exposure
(a) Nature of dust ~ fibrous component and size factors
{b) Atnosphsric Concentrations - probably lower than for
quart: : . . . :
i Inadequacy of etandard impinger sanmpling method
which does not oollect the dangerous fibres
14 Eleotrostatic precipitatarsanpling preferables bu?
method must be modified
(¢) Duration of Exposure

Reconnendationa for a New Standard of Safe Atnospheric Con-
centrations of Agbestoe Dust

(a) The Quasl-official standard.of 4-to 5 million particles
per cu. ft.
(b) Work upon better method of sampling

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

Prevention

(a) Chemical means not practical




' (4)

1 Acldoels neocessary to dAlssolve fibre in lungs worpe
than Asbestosis .
11 Aluninua Therapy inappliocable
111 Chief reliance still upon dust prevention wit:

. special emphasls upon the fibrous ocomponents
4 +
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ASBISTOSIS - ANICTED QUTLIﬁE INDICATING RESULTS

PART 1 - HUMAN ASBE3TCSIS

I Hupan Pathologv and X-ray Patterns - Deacription

Baged upon 23 human autopsies
2 Ash grni Mineral Yalues in Humgn Lungs.

3 Cocplication of Asbegtoels

{a) Susceptibllity to Infeotion
1 Tuberculous- High incidence in English experience not
duplicated in surveys of American Plante. .
Avallable autopsy statistice deceiving because of sael-
ection of material.

11 Non-Tuberoulous- The same reason probably applies
should be cheoked. by analysis of ab-
eenteelsn anong aebestos 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 autopsles
on asbestosis, this incldence 18 excesaive.
No such frequency has been discovered in
silicosis or other forms of pneumoconlo-
ele except the Schneeberg mine® of radio-
active oree. The evidence 18 sugrestive
but not conclusive that asbestosls may
- precipitate the development of oancer in
susceptible individuals.

-4 Dilegtilicw

- Clinical experience suggeste that truly dleabling aebestosls 1s
nanifested by less striking X-ray changes than a corresponding
degree of silicosls. 8uch disability in asbestosie 1s due to
disease within the lungs and not to eecondary heart Alseace. As
}3 sllicosis, assoclated pulmonary infectlon increesees the ancunt
o2 severity of trhe dust fibrosls with resultant accentuation of
disatility. There is urgent need for a careful physiological
stuiy of pulmonary function in asbestosls of varying severity.
Undoubtedly, there are nany dlagnosable cases with no significent

disability.
5 Dilecnosls depends upon three factors.
(a) History of sdequate exposufe, usually 6 to 8 years, sone-

tices longer, at work where both the concentration and
character of the "asbestos" dust are hazardous.

2 gac- k)
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{po) Evidence of diaeaae 4n a chara:terist.c X-ray potiern. jfE;E
: 14
(¢) A physical uxanminstion which reveals gertaln charac'er.atics

signs and pay reveal evidences of disability if present.. -~ .

(d) Asbestosis bodies in the apu:un are confirzatory whes the-
nrevious factors are all nositive. However, the bodles = .'.
pay be absent,’ partlcular-y i:, the absernse of bronchitia ?;
Anfectlon. : S
Asbestoeubodles unsupoorted by other evidence do not make

.a diagnosis. ‘Occasional ones have been found in about 1&
autopsy specioens of persons with no known exposure and n3

fibrosis, probably or non-ocoupational origin.
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I  Methols g - ,. i :
(a) Inhglg;log Exgoe es %o Plant Dua; - Bpeclrio tibroaie 1n -

lunta. but no obanges elaevhere.4,._,, L --3;

‘(v) IXnjections gf: 8usgenaiong gg Pure B! ggral lnto Trachea A
*  Sipilar results. L s : n, N

-.' ,-1~

(¢) Injection of Buaggnsign of P g Mlneral lnto other org-ns -
. Fibrea dissolved; no anoestoela bodies; tissue rsaction con-
fined to phygocytosis and encapsulatlon. Conpare the*-—\“
asbestos cores or hunan,nubjects . S

II Specties Sus: eﬂ‘lbi’itt .:‘

T T TN
Unlike {ree ailica.~aabeaton doea not prcduoe 1ts npaoirlo a'rec 8
~ An any organ of. any:epecies .0f .anipal.%"1y oauses fibrosis" only in
’ ‘the lungs of man, nnd those- of*a tev or the epacioa teated..' ';:

r -, '4-

Species Fibroels Asbeqtqs Bodxgg

¥an 44
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" {s) Locallzation of fibroun minerala 1
of granalar dust partlclean'agv
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1 Fldres like ohrysotile having a certaln degree of flexibility
and elasticity acrunulate within the flnest air tubes; granular
duet 1s oarried further on and 1s widely socattered through the
terzinal alr spaces.

(b) Rate of tlssue reaction to asbestos la much more rapid than
to an active dust like quartz., Evidences of formatlion appear
as soon as sufficlent concentration of fidbres has locali:zed
‘An speolflo areas; with quartz, thers 1s a latent period of
monthse.

{c) Resction to asbestos does not progress on ceseation of expos-
ure. JYoung ecar tissue that may have formed, ocontracts and
becones core dense but the area of involvement decreases in.
size. In silicosis, the .young nodules become larger after
exposure oeases.

(a) Asbestosis Bodles are a specific concompitant of this form of

pneuzoconlosia. They are due to a deposit of protein and iron

usol the surface of inhaled fibres. 1In gulnea pige they foro

after about 60 days of contaot with the tissue. They sre abund-

ant in oan and gulnes pigs, (See paragraph 2 above) but much

larger in the former probably because the larger sized alir tubes

adolt larger fibres. In cats, rabbits and mice, there is an

atypical coating of a few of the fibree after muoh longer resi-

dence in the lungs; in rate and dogs no bodies could be dis-
.covered. - From paragrach 2 it is apparent that thelr occurence
does not parallel development =7 floroeis. In lung injJection

experinent, the bodies have pel ‘eveloped watib after fidbrosie

teeell pévrnced. The nunber of bodles seems tu udccrease
eeveral years after exposure ceasges. -

¥ Coovarative Effeots of Different Asbestosis Minerals
oIS

(a) Canadign Chrvessile - highly irritating.

(b) Arizora Chrveotile {low in 1iron) equally irritating and pro-
duces juet..ap Dany asbestosls bodies as the Canadlsn product

with over 1l times as much iron.

(c¢) Crocidolite - The South African blus asbsstos is known to cause

- --asbestosls. Only & limited supply of thls material in pure
form was avallable, most of 1t was used earlier in the vork in
-non-productive experinente. For the later critical injection
tests into the lungs, a Bolivian variety was substituted be-

.- -cause.of its-high purity. Ite fibres were much etralghter,

stiffer and more elastic than the cottony South African varlety.
—~——Perhaps because of these-peculiarities, it has not given

reactions comparable to chrysotile, It produced asbestosis
_bedles.but. did .not localize in the-.terninal air tubes nor cause
any fibrosis. Teets now being repented with a typical South
African crocidolite with physical characteristics sifulating

chrysotile. i .

=kt (3)




(a)

{e)
{r)
{g)

V Control Mineral

-4~

N

Ar.thoohvllite = stiff, straight fibres - atypical asbestosls -
bodies forms slowly but no locallization or fibrosis in lungs.

Azosite - Ditto. ' o L.
Anphibole - Ditto. . _ LR .
Tremolite - Ditto dbut very fcw.aebeatoaia  0616§1$ Qbaeertiod

being continued. PR _ o

‘o

P P
DR L T

(a) Granular Serpentine of same chemiocal composition as ohrynotile

(v)

(c)

:

is inert cauaing no fibrosis in lungs or other organs. t -
attraote iron fron the lungs but of oourse, no "bodies" develsp.:

Olaee Yool(a synthetioc silicate) fibres are not inhalable froz
air-borne suspensions, apparently because of thelr stiffness
(the dlameter 1s not responsible as soms used were less than °°

1 nicron thick) On injection into the lunge, they do not ¥ «
locelize in the air .tubes but are widely scattered. They cause -
no fibrosis, After 3 or 4 oonths in oontaot with lung fluid,
a few glass fibres take up iron but remain smooth. They never
shcw the swollen snds and lateral projections of the true ' -.
.asbeatoslis bodles. . : Y L

Brucite of interest bpcause it ia a flbroha.mlneral praotically

free of silica (0.9%). Crystallographically the arrangement of

its 4z arnd OH groups in each unit oell is similar to that in
chrysotile. The sample used also Gontained about 1% iron, pro-
bably fron sontaminating msgnetite. The fibres are stiff and
needle like. Observidions not yet oonopleted but after 2 conths

in the lunge, typigal asbestosis bodles develop but there 1is ae
yet pb fibrosla. 4he fibre are sosttered through the lung insteal
of being.localized inpide the terminal air tubes and tiesue
reaction’gccurs around, instead of within the tubes.

¥l Cremicel Composition in Relation to Irritation

(s) Norhing in the following chenlcal cocpositions can be cor-

relaeted with variations in capacity to provoke tissue reaction.

(See Table Next .Page)
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Chrza~ Croold-
otile olite

.

8y 02 37,43%  94,99%

Fo2a Q5 2.058 16,274 P 4,088 - ”.6“3‘4 3.4 6708 5T
Fe O 0 4,20% 0 1 Aa.éé;t o o‘~'~‘-".’ "s,seﬂ":’i’;; -
A1 0.368 __1,02¢ 0,25 1,006 1.608 0,565 0,468 "i
a0 0,055 0.79% 0,448 2,012 12,228 * 4,458 0,408 "F-
M0 36,775 12,25% 20,648 8,298 23,208 .20;525'.'5349;:"3.
Nex 0 0.2 §.92 0,52 033 0,40 6,8 0@ E
ka0 . 0,08 0,57 0.13 0,20 0,32 0,99 “ 0,8 “i
Losg £105° 4,30 .0,02 0,62 0,868 0.32 - 0.34 T
>105° 14,92 2,58 2,42 161 3.9 “ege
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(b) Acid treatnent or ohryootne nbru

1 One hour in dilute or oonoentrated HGL doee not nltar"3b~
pearance of fibre but after suoh treatoment it rapidly dis-
solves and disappears on 1nJeoting 1nto nvlng tissues. . "

11 Trestoent with COp bubbled through vater or lung Juice':;i
. suspensions of ochrysotile fibres causes partlal solution
with liberation of eilica and nagneala. S .';'

(¢) Colloidal allumina dces not neutralize the ‘effests of asbsstce
as it does quartz. On injlecting ohrysotile suspended in _'
aluzinu= hydrate solution, fitrcels and astestce bclles Cev

- ‘elop at the usual rate. it remeina to deconstrate whetrner the

- . Tibres-become coated with a layer of aluiinu_ nonohyérate as
* has béen proved in the case of quartz. £ they have, the ccea:

does not affeot their capacity to irritate tissus. .

viI Phvsizal Properties in Relation %o Irritation of Lung Tissue
(a) Lencth of Fibre ' - LI

Short ohrysotile fibresunder 3 miocrone ‘are practically inert.

20 to 30 pmioron fibres cause typical fibrosis. -
The effects of longer ones could not be tested for technical -

reasons.

Sy
Rl

(b) Crushing oompletely destroys the fibroue structure of
chrysotile. ¥ith loss of structure, all oapacity to 1rritate

disappears. , S

Ab- LLIS )
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(clﬁ»zeag AL, 1gn1t on’ :empnraturol)uater 1y drivou5ofr.but The v

iy fibrewatrusture ie proaervod.a»ribroa become” extredely: brittl
_v_::-“The _physical change alters typical localirzation within thoiwy™
. lungs, no fidbros‘s davelops,:reaction limitod to: phyagooytoai

... _ Ro. aabeutoaiu bodlou rormod..,-ﬂy gty W
“.N" J‘ . .-" -—-’-',/.K“r_‘::—‘;'—' -.-,..‘,‘ ,‘:-» -
VI Nature ard Bienifiosnce’gf Amms.u_ﬁmm St R

Drllmare : o s :
{a) . Bodies probably. result fron depoeltion or 1ron\and orgnnic .
patter on a slovly .diseolving .fibre of lasbestos.. The souroce.
.of_the iron 4o more llkoly to, be. tho lung tlsoue than ‘the
pireral itself ae tho coating is-just‘as heavy on -fibrous . -
minerals or 1c: 1ron oontent. as upon those" hlgh in iron. ,;'

Pttt qo&u'*"f" v _.‘- e z"*é\ '& & >.. . ’-,uf

(b) . The afroot of asbeatosis’ bodyiroruation ie oaouaod to be pro—‘
tective although it has not-Deen.possibla:to Leolate a largs '..
enough quantity of these atruqturea 7in unaltered . fora for ‘u;:?-
purposes of test,  Ths smooth’rounded-ends presented dy the T
bodies would not ‘be noohanioall: 1rr1tat1ng<rﬂ'n4:-a4' RN {Q

R ST L o - ~<;v

(¢) If they were oapablo of cgualng 1rr1tutlon.\the ‘fibrosis in ths

‘luncs should progress ar:er expoaura oeasea which lt doea not. .
.!',t o -',_"_ l - ’_

(d) The z*ggpel diaavpearance of bodles (and'ribrea) long arter T

_exposuM¢’Points to ultimate solubllity in tiaaue fluids. Lo

. (e) The bodles are probabdly a fortultous oonoonnitant rather than'”
‘a csuse of fibrosis. ) K

IX Theories of Irritant Action of Aebgggifor* Minerale

(a) Chezical These expsrinents do not confirm the theory that
asbestosls is merely a form of silicosls resulting froo free
gilica liderated in the solution of & silicats molecule. If
this were true asbestos like ouart: phould cause fibrosis in
any organ cf any sseclea for the exaeride ts have shown that
injected ssDestos diaaolves in these locations. Eowever, it

oes not c-use such reaction 1n any 1ocation but the 1unga of a
3¢EE apecies. y

(b) Mechanlcel Irritation A i j

We uwre proposing the theory of mechanicel irritation which i
nanlfested only in the lunge because this organ i1s the only one
whose normal physisclogical funoctions involve a high degrees of
mobility. Expericents designed to prove the necessity for motlen
in this tissue have falled for technical reseons. .
For this theory to be asplicsble,.it is necessary that the
fibres be concentrated in the five terminal air tubes, It has
been .srown that only chrysotile of the asbestiform minerals thus
td?“kas the proper physical charaoteristics.to insure such
localizatlon. t ia also essentlial that the fibre shall psrsist
dong enouwh before 1t ¢issolves in the lunge of Bpacles like
pice, rats,*dore. It ag areatly dipsolves so rapidly that it
exerts no irritation. Similarly rapid eolution may explain
in part, the lack of flborosis in organs otker than the lungs.
’ TN R

ceb enirimmr e » b e R b o o

- bl

- - BBt —r i




i

. e -t e
o t—a

-

-7-

The fibres must be long enouch eo that they ocannot be coopletely
surrounded by phagocytic cells which would prevent contact o7 thsse
round, broken ends with the delicate cells supporting the air tulee.
Observazion hae desonstroted that thege conditions arc realized in
g£ulnea pige trested with long fidre chrysotile and fibrosis resul:a.
¥ith the other asbestiforn binerals that have been tested, soce or
all of the prereguisits were lacking and no fibrosis developed.

{c) If the irritatlon were chemical, fine serpentine which has thre
some chedical oconposition as chrycotile should have aleso caused
fibrosls. The crushed chrysotile shou have been nore active
than intact fibres, because of the greator surface arcas or-
posed to body fluids. On the assumptlion that chrysotile, 1like
ousrtz, becomes coated with a very thin layer of alucing on
treatnent with colloidal aluminum hydroxide, capacity to cause
fikrosis should be destroyed if the sotion were cheaoical but

such 1§ not the cass. . -

(g8) %re heavy cqaking resulting froo astestosls boldy formation ap-
perently does stop tissue reaction but here the effects are
probably mechaniocal for reasons cited.

(e) Heat suffiolent to alter chemical structure d estroys power
to irritate but it alsc alters essential physioal charecteristl
that affect locallization of the fibres in the lunge.

X Conmolicatlons

(a) BSusceptibility to Infectisn : o
ept.dllity : . TP

1 Tuberculous - Asbeetoe behaves like most other mineralf, in
“"this respect and not like ouart:z which specifically increase
native susceptidility to the tubercle bacillus. -Thls in-
feotion may soread for a time but then heals. The resultant
fibrosis accentuates trat ocaused by the mineral fibre.

11 lNon-Tuberculous = of no greater frequency then in animals
inhaling dusts of other kinds. OQocaelonal epldealcs of
pneumonia occur in our dust rooms, but these are cue to
pethods of housing rather than to dust; they oem also ocsur
in unexposed animale.

1117 Cancer 9f Luncp
bacticulaely

No experinents were,designed to élucidate this point dbut
Gertain evidence sugzests that asbestosis may actually
favor development of tumors in susceptible epecies.

1 1In guinea pigs, rabbits, rats, cate and dogs lung tuzore
are rare.

2 V¥hen these speoies wers subjected to 2 to 3 years in-
halation of asbestoes dust, the incldence of lung tusor

wag not inorsased, . '
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3 Soce strains of white nice do develop tumors without
apparent cause. § -

4 Such a straln of white mice was unintentionally useed in
three inhalation oxperinenta with asbestos.

5 Of 11 mice inhallng lons fibre asbestos for 15 to 24 nonths
8 developed malignant tumors in thelr lungs and 86 of tkhez .

had tumors in other organs. Ihe Anoidengs rate 81. B 1a
gxcegeive.

€ Of 22 mice inhaling {ibre asbestos ror not longor thar
12 montha only 3 dcvo oped lung tumors. Rapte 135,6%

7 As controls, we have only the experionce with mice in other
dust experinenta. -
For g g:; pericds, there were 51 mice exposed to 4 other
kin;a of dust for 10 to 12 monthe. Incidencs of lung tuzor
1.9
For lonr periods, there were 143 mice exposed to 4 differsrnt
kinds of dust, including pure quarte, 23 to 31 months. For
all this group of mice the average incidence of lung tusor
wag 13.8%! the hlsheat rate (25%) was in a subgroup expcsed

to flint dust.

Thus the incidence of lung cancer in the long fibre asbestos mioce
vwog over 16 tines the average for nice inhaling other dusts for
coaparable periods and over 3 times the maxioun for any other group.
Mice exposed to the practically inert short fibre asbestos showed
fewer lung tumors although 7 times more than those in short exposure

to other dusts.

“nese obeervations are suggestive but not oconclusive evidence of a
cancer stimulating action by asbestos dust. They are open to
several oriticisns. The straln of mice was not the eane in the
aeteatos expericent as in zany of the others oited; arparently the
foras® were unususlly susceptible. Not enough anizals survived in
the 458t for longer than the 15 months apperently necessary to
produce sany -tucors. shere were no unexposed ocontrols of the sace
strain ard age and no dimilar controls exposed to other dusts.

It 18 hoped that this experinent can be repeated under properly
controlled conditions to dsternine whether aesbestos actuslly favers

cencer of the lung.

Disability

Cannot be deternined in animals. Jhe accidental deaths were
froa the same causes met with in all our duat inhalation experi-

nents. -
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XI1 Easentlal Factors 2_ ngg QQHB 55221_23
(a) Nature of Dusg il
e '.;;\'. L

1 %he hazrds increnses wlth tbe proportion ot intact fibree <& 7
in the dust. Oranular material and orushed fibre are - ;';;_j
inert diluents. e -

JJ;‘
11 The lon% fidbres must be ttin enough (1-3 Kicrons) and short .-
encugh {under 50 Microns?) to be inhaled. U

111 Very short ribréé (under 3 Kicrons) sre practically inert.

{b) Arnospheric Concantration B8till under study.

Apparently this factor 1s lower than in the case of dusts

conposed of granular nlnerale but methode or estioation are

nisleading. .o o F c b

i The aversge atandard ?ubllo “ealth 8ervice iopinger count
in the long fibre aabistoa dust rooo'was 40 nmillion particles
per cu. ft. of air. bis concentration‘caused fibrosis
visible to the naked eye in 20 to 24 minthe. For compariscn
the average impinger oounts in an experiment wlth pure
quartz wae 120 nillion particles per cu. £t and fibroeis
developed at about the aane rate.';~,;"’ -

11 However, impinger oonnta ¢re deceptlve becauae by this .-
method of sampling very few fibres, which are the eignificent
elenents in the dust are oollected..'~=g!:

111 Sampling with an electroatatio preolpitator le a nuch oore .
efficient nmeana of colleoting (fibres from air-borne sus-~
pensions. Bamples from our long fibre asbestog roonm
showed thst the dust in the air contained 32.5% of fibres
few of which had been collected or counted in tke icpincer
sizﬁle. The latter aan;led largely the inert granular partt

- eles. . .

1v As ordinarlly enployed preciyitator aanplee are welghed and
the resuvlts expressed in mg. per cubic foot of alr. There
_ is no means of converting such values into numbers of
perticles particularly when theee vary in elze, shape and
, specirlc gravity. ,; et et
v Slnultaneous aanplxng uith preoipltator and ptandard im-
pinger yielded the respective values of 0.65 mg and &0 nil-
lion particles per ocuble foot of air.

vi ‘heoretloally the best 1ndex of hazard would be either the
nunber or welght of fibroue elements in the dust.
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.. (¢) Duration of Exposure

:., 1 Fidrosis vitlble to the naked eye after 1 months e:,oaure.
increases in extent in subsequent 1a .oonths. a .
11 The enan of life of our post aueoegtible laboratory anioal
o the gulnea pig has prevented continuing ®xposure longer than
R trrec years. In thls perlod only the couparatively early
T stager of ‘agbestosie have .been-produced.- With the know-
ledre that we have gained, it 1o probable that tiore extenetiv
disease could hsve been produced with a purer long fibre
chrysotile. The long lived speoles,.like cets, dogs are un-

~ fortunately not oueoeptible. . i g,
111 "For these reasons X-ray ohangea hove been minimal and we
‘»°  were not able to ru1r111 one of the obJGOtiVeﬂ of this pro-

_3.y _ :23' gran. .o . ﬁ-‘;.. a
xI I Recoczendation for 3 New Standard of Sare'Atmos herio Qgggggggﬁ;;g_
;' of Astestog Lust., e e e RS ;
—_— S it RN R :

ﬂ(a) Yhile there 1f no orfloial standard the ‘tentative one o'
© 4 or £ mlllion particles per cublc root of ‘air is frequently
auoted. _ ; ;v'-i ; o

ot N .". )
<

. (t) This is probably unreliable booause 1t s based upon aamollnc
. with a standard impinger vhich ve havershown does not collect
nosf of the ribreo .that ere the source of hg:ard.

= Ye now think that a otandard should be baaed upon sanples
X collected with an electrostatioc precipitator Lf it is feasible
to deternline readily the re’atlve proportion or fibres in such

oy
et Q.‘-'.:vr
—
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: (¢) Worx 1s still in pros*ese uuon ‘the 1atter point.

i - '-4."» (!,' a0 :
- (e) To“Be of value the new otandard would: ‘hsyeitoTbe correlated .. .

with the"X-rey findings: upon;enyloyeeo expoaed to dlrrerent L
ooncentratlons or duot.,_,. St ohs L. ”

XIV Erevert! cn of Asbeetgsig ; f.;&_gﬁ

The expericents have failed to oavolop any’bractica ohe:ical' MRS

nesns of neutralizing the aotlou of flbroua ‘asbectos.: . L

P ( '\- o ‘- " “L".‘CE 'i."~’ -,0 ‘-.

(a) To alter the hunan’lun ‘s0 that 1t woﬁld diosolve'asoestoe eia

fibres repldly like a rat would necesaltate*Fvaeeeo—-, ’:
cregting an acldosls whioh voulo bo.uorae,t“an the e’fe:ts of -

the fibrosle. ;:. R 2
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Apparently alu:inun uhich in, 80 t.ectivo cgalnft
h littln 1nrlnonco upon rlbrous ob:;aqtilc q?’
LR S T VST S ';.c*“’“'x.ﬁ
Bowever. it nQVId bqwot srent tbeoretioal‘lnterast 1
‘few oases with reul;d;epnoeaﬁzrnu asbestosln: Dy ‘aluc
- halation. We are.by.no peansipertajn, xmethar vtheife
X.reeults upon advanced. pilioptica are.-due LpYa’ one:lg
AN zation of ouartzvinitha lungn.;«Aluminun Bight have-
" general pharm:oolagical effeqt which: inrlucncca'dyat
R S I =R b
Chier rellanco muet atill Do based’ ‘upon oontrol,of c
" alr and, in view: ot«thene'exverlmenta"particular-y

r&broua oonponenta or “sush: dugt.\:tv
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