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QUTLINE OF PROPOSED MONOGRAPH ON ASBLSTOSIS

Saranac Laboratory S tudy undgz Grant fron Asbeetos AQQQQl&tLQQ

PART I HUMAN ASZESTOSIS

Human Pathology - a study of 28 autopsy‘aaeeg)IllustrAted
X-ray Patterns in Asbestosis, Illustrated -

Ash and Mineral Values in Human Asbestosis

A H

Complications of Asbestosls
(a) Susceptibility to infection
1 Tuberculous
11 Non-Tuberculous
111 Cancer of the lung

5 Disablilty, causes snd comparison with silicosis

[o}}

Diagnosis

(a) Hiastory of adequate exposure
(o) X-ray film pattern

(c) Physical exsmination

(d) Asbestoslis bodles in sputum, their significance
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PART II Experimental Aabantosis

¥ethods ;

(a) Inhalation exposure to plant dusts.
(b) 1Injeotion into lungs through trachea of pure aoinerals.
(c) Injection of pure minerals into other organs.

Boecies Susceptibility

Man, guinea plgs, raboits, cats, white mice and rats,
dogs.

Pecullar Characteristics of Asbestosis

(a) Unusual localizalon of chrysotile fibre in lungs.

(v) Rate of resultant tissue reactlion nore rapid than to
guartz.

(¢) Reaction to chrysotile not progressive after exposure
ceasessg; again the reverse of the situation in silicosis.

(d) Asbestosis Bodies

i Composition and methods of formation.
11 Occurence in different specles.
111 Forzmation does not parallel development of fibrosls.
iv Gradual dlsappearance after exposure ceases.

Comparative Effects of Different Asbestiforn minerals.

(a) Canadlan Chrysotile.
(b) Arizona Chrysotile, low iron.
(c) Crocidolite
i Bolivian specligen, stiff and elastic.
11 South African, soft and flexible.
(4) Anthophyllite
(e) Anosite.
(£) _Tremolite.
Effects of Control Minerals

{2) OGrannular Serpentine, sane chenicel comjosltion as
chrysotile.

(b) Glass Wool, a synthetic silicate fibre.

(o) Brucite, a fibrous magnesium hydroxlde alnost free of
sllica

Chenical Compoalition of Aabestiform minerals in Relation to
Irritation.

(a) Nothing in cooposition correlated with relative irritatin

‘capacity.
(b) Prelininary acid treatment

i Hydrochloric acid
11 Carbonic acid -
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(c) Effeots of Aluminum
Phyalcal Properties in Relation to Irritation

a) Length of fibre
bg Effect of Crushing

¢) Heat treatment

Nature and Significance of Aasbestosis Body

(a) Formation

éb) Protective effesct preventing further irritation
o) Ultimate soclubility in tlssue

Theories of Action of Asbestiform Minerals

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

Cozplications

(a) Infection, tuberculosis and other varieties

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

Disability
Essentlal Features of Hazardous Exposure
(a) MNature of dust - fibrous component and size factors

(t) Atzospheric Concentrations - probably lower than for
quartz - : .

i Inadequacy of standard impinger sanpling method
which does not collect the dangarous fibres
14 Eleotrostatic precipitatarsampling preferable but
nethod must be modified

(¢) Duration of Exposure

Reconmendations for a New Standard of Safe Atmospheric Con-

centrations of Asbestos Dust

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

(p) Work upon better method of sampling

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

Prevention

(a) Chemical means not prgctical
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1 Aclidosls necessary to dissolve fibre in lungsa woruaa
than Asbestosls

11 Aluminum Therapy lnapplloable
111 Chlef rellance s8till upcon dust prevention with e
speclal emphasis upon the fibrous components '
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ASBESTOSIS - AN'CTED QUTLINE INDICATING RESULTS
Y

PART I - HUMAN ASBESTOSIS

I Human Patholo«v and X-rav Patterns - Desoription

Based upon 23 human autopsises

2 Ash gnd Minersl) Values in Human lLungs.

3 Complication of Asbestoanls

(a) Susceptibllity to Infection

1 Tuverculous- High incidence in English experience rot
duplicated in surveys of American Plants. .
Avallable autopsy statisgtics decelving because of gel-~

ection of naterial.

14 Non-Tuberculous- The sane reason probably applies .
should be checked. by analysis of ab-
senteelsn anong asbestos workers.

114 Cancer of Lung Ditto, but there are now on record 10
) cases of. lung cencer in asbestos workers.
. Compared to the total nusmber of autopales
on asbestosls, thls incidence is excessive.
No such frequency has been discovered in
siliccsia,gr other forms of pneumocsnio-~
8ls except, the Schneeberg mines of radlo-
active ores. The evidence is sugzestive
but not conclusive that asbestosls cay
- preciplitate the development of cancer in
susceptible individuals.

-4 Disabllity

e ————rithe

Clinical experience suggests that truly disabling asbestosis ia
manifested by less striking X-ray changes than a corresponding
derree of silicosis. Buch dleabllity in asbestosls ls due to
disesse within the lungs and not to secondary heart disease. As
n silicosis, assoclated pulmonary infection incresses the amcunt
a2 severity of the dust fibrosls with resultant accentuation of
disaczility. There is urgent need for a careful physliological
study of pulmonary functlon 1n asbestosls of varying severity.
Undoubtedly, there are many dlagnosable cases with no aignificant

disability.

5 Diesrrosis depends upon three factors.

Yistory of adequate exposure, usually 6 to § years, some-
(a) times ionggr, at work where both the concentration and
craracter of the "asbestos" dust are hazardous.

2 K-l L)
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(o) Evidence of diacaaa din a characteristic X-ray pat:ern.'&ﬁf_%

u by

- {c) A physical Qxamination which reveals certaln c! araCter‘atics
sirns and nay reveal evidences of disablllity Lf present.. - :

(d) Asbestosls bodiss in the sputum are confirmatory vhen the -

previous factors are all positive. However, the bodles fwyﬁ
nay be absent; particularly i:. the abgense of bronchitis .

infection. : i

Asbestosiubodies unsupoorted by other evidence do not make;_
.8 diagnosis. 'Occaslional ones have been found in about 15
autopsy specinmens of persons with no known exposure and no

fibrosls, probably or non-ocoupational origin. :
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PART II Experimental Asbestosia L

{b) Injec*ions of: %uspenslona Q£ Pure Mine*a’a into Trao eéﬁé
" Similar reaulta. o 3;:nyu R . i

(¢c) Injection of Suspensigns of Pura Mlneral lnto other orgéns
. Fibres diseolved; no asccstoeia bpdies; tissue reacticn con
fined %o phygocytosim and encapsulation.- Compare tha'ff*~
asbestos Qasva or human‘aubjecta RS STl s

~~~~~~

II Specles Suscaotibillﬁl \fi:j'“f
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Unlike {ree ailica,»aabcaton doea noz prbhuoe ita speoifio affec
An any organ of:any:species: ot aninal. 5Ty causes ‘fibrosis” only‘
the lungs of man. and tpoaa or~a rew qr the speoiee tested, R
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(a) Localizatlog of rlbroua mlnerala in 1ungs dlrfera frog that
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(v)

(¢)

(d)
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Flbres like ohrysotile having a ocertain degree of flexibility
and elasticity accumulate within the finest air tubes; granular
dust 18 carrled further on and is widely soattered through the
terzinal alr spaces.

Rate of tisgsus reaction to asbestos 1s nmuch mors rapid than
to an active dus?t like quartz. Evidences of fcrmation appear
as soon as euffioclent ooncentration or fibres has locallized
‘An sgeolflo areas; with guartz, there is a latent period of
nonthsa.

Reactlon to asbestos does not progress on cegssation of expos-
ure. JYoung scar tlssue that may have formed, ocontracts and
beconmes rore dense but the ares of involvement decreases in.
elze. In sillcosis, the .young nodules become larger after
exposure oeases.

Asbestosls Bodles sre a speciflic concommitant of this form of
opneuzmoconiosls. They are due to a deposit of protein and iron
uson the surface cf inhaled fibres. 1In gulnea pigs they forn

after about €0 days of contact with the tlssue. They sre abund-

ant in man and guinea pige, (See paragraph 2 above) but much

larger in the former probably because the larger slzed alr tubes

adoit largser fibrea. In cats, rabblts and mice, there i1s an
atypicsl coating of a few of the fibres after much longer resi-
dence in the lungse; in rats and dogs no bodlies could be dls-
covered. : From paragrach 2 1¢ is apparent that thelr occurence
does not parallel development =% florcels. In lung injection
experiment, the bodliee have pn¥ “eveloped wnttlk gfter flbrosis
ke~well epd¥rnced. The number of bodles seems tu decrease
eeveral years after exposure ceases.

tive Effects of Different Asbestosis Minerals
~

(a)
(b)

(¢)

Canadlen Shrvestile - highly irritating.

Arizona Shryeotile (low in iron) equslly irritating and pro-
duces Just. -as many asbestosls bodles as the Canadian product
with over 1l times as much lron.

Crocidolite - The South African blue gsbestoe 1s known to cause
asbestosis. Only a limited supply of this material in pure
forn was available, nogt of it was used earlier in the vork in
non-productive experimente. For the later critical injection
tests into the lungs, a Bolivian varlety was substituted be-
cause of its high purity. Its flbres were much atralighter,
atiffer and more elastic than the cottony South African variety.
Perhaps because of these pecullaritles, it has not glven
reactions comparable to chrysotile. It produced asbestosis
bedles but did not localize in the terminal alr tudes nor cause
any fibrosis. Tests now being repeated with a typical South
African crocidolite with physical characteristics siulating

chrysotile.

oM\
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(a)

(e)
(r)
(¢)

Y Corntrol Minersl
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Anthophyllite - 8tiff, stralight fibres - atypical asbestosio :{
bodies foras slowly but no locallzation or fibrosis in lunas.

Anosite - Ditto. ' o -

Anphibole - Ditto. , , ' j,j LA )

Tremolite - Ditto dbut very rcw asbestosls bodies - Obaervation
beling continued. PRI P

oo
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(a)

(o)

Granular Sernentine of same chemiocal oomposition as © uotile
is lnert causing no fibrosis in lungs or other organs, Ut <t~
attracts iron rrom the lunga but of oourse, no “bodies' dcveloo.

Glage YWool(a synthetic silicate) fibree ars not inhalablc from
alr-borna suspenslions, apparently because of tholr gstiffncss
(the dianmeter 18 not responsible as soms used were less then'’

1 micron thick) On injection into the lunge, they do not ~ »' .
localize in the alr .tubes but are widely scattered. They sause -
no fibrosis. After 3 or 4 months in ocontact with lung fluld, =
a few plass fibres take up iron but remain smooth. They never
shcw the swollen ends and lateral projections of tha true -

asbestosls bodies.

(c) Brucite of interest because it is a fibrous mineral praotically

free of sillca (0.9%8). Crystallographically the arrangement of

its/ﬁc and OH groups in each unit ocell is similer to that in
chrysotile. The sample used also contalned about 1l€% iron, pro-

bably from contaninating megnetite. The fibres are stif? a“d

needle lixe. Observdions not yet completed but after 2 zonths

in the lungs, typical asbestoslis bodies develop but there is as
yet no fibrosis. ihe fibre are scattered through the lung instead
of being.locallirzed inside the terminal eir tubes and tlssus
reaction”gccurs around, instead of within the tubes.

VI Chemicel Compoeition in Relation to Irritation

(s)

Nothing in the followling chemical cocpoaltions can be cor-
related with varlatlions in capaclity to provoke tlssue reactlon.

(See Tabls Next.Page)
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(b)

(c)

Phvsical Proper

~~
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A

Acid treatment of ohrycotile fibreu-

v"

ALY Y e

1 One hour in 4ilute or ooncentrated HCL doea not al'ar AP -
pearance of fibrs but after such treatmont it rapidly: dia--
solves and disappears on injeoting 1nto living tissueu., e

i1 Treatment with COs bubbled throuzh watsr or lunb Juice.iil
. suspensions of chrysotile fibres causes partial solauionl
with liberation of silica and magnesia. . .

Colloidal allumina does not ncutralize tha efrects of aabeatca
as it does cuartz. On injecting chrysotile suspended in .

aluminum hydrate solutlon, fibrosls and asbestos bodlies dev-

elop at the usual rate. it renalns to demonstrate whether the
fibres become coated with a layer of aluﬁinum monohydrate as .
has béen proved in the case of quartz. f they have, the coati
does not affeot their capacity to irritate tlssue. .

ties in Relation %0 Irritation of Lunz Tissue

vIT
' (a)

(v)

s
IR

Lenrth of Fibre

Crushing oompletely destroyas the fibrous structure of

Short chrysotile fibresunder 3 microns are practically inert.

20 to 50 miocron fibres cause typical fibrosis.
The effects of longer ones could not be tested for techn-oal e

reasons.

el
.

._‘

chrysotile. ¥With loss of structure, all gapacity to i“ritato
dlsappears. , oS

XA — LS

-



o amn ey EERE A T ﬁx}"@a%ﬁ *"%‘«;‘r‘%i‘-, e r;}'?:f'.‘ i
ot ' Co :4 : :.', :' _‘ 7"*‘;?‘"‘{‘&;‘;;@.—‘53‘:&“&&: :;;x &‘)-‘x. a#"”"* \’%:3‘ ‘::h";‘?.(
: ,;, 3,0 ,
: : ‘& {"‘:‘ " PR ‘“‘ ,"—; KBS f.,,w} ET",E,:{”‘ ‘r'*f P ;-_.
s (o)‘#Hea; At 1gn1t on' :empnraturol uater fAn" drivan;off g tbe>-¢*“§f
: - “‘;ribrewatructuro io proacrvod..‘Flbrau ‘besoms’ extrensly: brigtla.
"+~ "The physical ohange alters typical localization within thori ‘7-
. lungs, no fibros‘s davelopa;‘reaotion 14m1tod to: phyagooytoala*
" No aebestosla bod‘oa formed..’~- 3 e Feay
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(a) Bodles probably result from dopoaltion “of ‘iron! ana organic .
natter on a sloyly. :4io80l7ing . fibre of! agbestoqa..::The sourcs.
of the iren ip more llkely to be. the . lung tlaoue ‘than ‘the
pireral itself as tho ccating is’ -Just 'as  heavyon -£ibrous
minerals or lcw 1ron content a8’ .upon.those” high in 1ron.
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(b) . The effsct of asbestosis body ‘formation‘is asoumed to be pro-i.
tective although it has not-been.poasiblaito leolate a largs ¢.:

ca-
~

enough quantity of. these strugtures in; unaltered.fora for ..t

)

purposes of test. Ths srooth rounded-ends” ‘presented- by thc '?'{'
bodiss would not be mechanlcal}y irritating.»“‘;w‘v—-~f et

-x-./
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(c) If they were oapable ‘of Cauelng irrl atlon,kthe rlbroale in the
‘lunzs should progress art r qxposurs oaasca whlph lt does not._J
(a) The g*ggpel disaooearanoe of bodies (and ribres) long after *
exzsosur¥’Boints to ultimate solublliuy in’ tiaaue flulds. .

(e) The bodles are probably a fortultous oonoommi*an* rather than =
a csuse of fibrosis. .

IX Theorieg of Irri<ant Actlon of Aebepgtifors Minerals

(a) Cremtcal These experiments do not confirm the theory that
asbestosis 1s merely a forn of silicosls resulting from free
1lilca liverated in the solution of a silicatas molacule. I
this were true asbestos,like cuartz,shculd cause fibrosis in
any organ of any specles for the experiments have shown that
injected ssbestos dlasolves in these locations. Eowever, it
ces nct. c~use such reactlon ln any locatlon but the lunga of a
2&~e species. . . A

. (B) Mechanicsal Irritation

We e proposing the theory of mechanicel irritation which is
manifeeted only in the lungs because this organ Ls the only one
whése normal physiological functions involve a high degree of
mobility. Experipents designed %o prove the necessity for cotion
in this tissue have falled for technical reasons. ,

For this theory %o be ansplicable,.-it 1a necessary that the
fibres be concentrated in the fivye terminal air tubes. It has
been showinl that only chrysotlle of tha asbestiform minerals thus
fd%“%as the proger phyelcal characteriatica.to insure such
localization ia also essentlial that <the fitre shall persist
long encugh before 1t dlsesolves in the lungs of spacies like
nice, rats,tdoss. 1t agoarently dissolves so rapidly that it
exerts no irritation. Sioilarly rapid eolution may explain

in par., the lack of fibrosls in organs otk er than the lungs.

- bl () o I



The fibres must be long enourh so that they cannot be completely
surrounded by phagocytic cells which would prevent contact of thase
round, broken ends with the dellcate cells supporting the alr tubeas.
Observation has demonstrated that these conditlons are reall:zed in
guinea pige treated with long flbre chrysotlle and fibrosis resulta.
With the other asbestifor: minerals that have been tested, some or
all of the prerequisits were lacking aund no fibrosis developed,

(¢)

(e)

If the irritation were chemical, fine ssrpentine which has the
same chemzical oooposltion as chrysotile should have also caused
fibrosis. The crushed chrysotile shou have been nore active
than intact fidbres, because of the greator surface arcas esx-
pocsed to body fluida. On the aesumptlon that chrysotile, like
cuartz, becomes coated with a very thin layer of aluninez on
treatment with colloidal aluzminum hydroxids, capacity to causs
fibrosis should be destroyed 1f the aotion were chenmlcal but

such 18 not the case. i v

ire heavy coating resulting from asoestosls body formation ap-
parently does stop tissue reaction but here the efTlects are
prodably mechanical for reasons cited.

Heat sufficlent to alter chemlical structure d estroys power
to irritate but 1t also alters essential physical characterlstic:

that affect locallzation of the fibres in the lungs.

X Comolications

(a)

7\

Sugsceptibility to Infectinn

dvits

1 Tuberculous - Asbestcs behaves llke most other mineralf in
this respect &nd not like cuartz which speclflically increases
native suscepti®ility to the tubercle bacillus. Thls in-
fectlon may soread for a time but then heals. The resultant
fibroslis accentuates trnat caused by the mineral fibre.

11 Non-Tuberculous - of no greater frequency than in animals
inhaling dusts of other kinds. Occasional epldemics of
pneumcnia cccur in our dust roonms, but these are due to
methocs of housing rather than to dust; they ¢em also occocur
in unexposed aninals. '

111" Cancer of Lungg

kAvfn'cv[nv/; .
No experinents were,designed to elucidate this point but

certaln evidence suggests tha? asbestosis may actually
Tavor development of tumors in susceptible specles.

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

2 ¥When these specles were sudbjected %o 2 to 3 years in-
halation of asbestos dust, the incidence of lung tuzor

was not increased. Lo
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3 Socze strains of white nmice do develop tumors without
apparent cause. s

4 Such a straln of white mice was unintentionally used in
three inhalatlion experiments with asbestos.

5 Of 11 mice inhaling long fibre asbeastos for 15 to 24 months
8 developed malignant tumors in their lungs and 8 of then .

had tunmors in other organs. The Ainoidenca rate 81.87 isa .
excegsive.

€ Orf 22 mice inhaling ghort fibre asbeastos for not longer than
12 months only 3 developed lung tumors. Rgte 13,67

7 As controls, we have only the experionce with mice in other
dust experinentas. c-
5*; ahort periods, there were 51 mice sxposed to 4 other

iﬂgs of dust for 10 to 12 months. Incidence of lung tumor
1.9;
For lons periods, there were 143 mice exposed to 4 differsnt
kinds of dust, including pure quartz, £3 to 31 months. For
all this group of mice the average incldence of lunz tunmor
was 13.8%: the highest rate (25%) was in a aubgroup exposed

to flint dust.

Thus the incldence of lung cancer in the long flbre asbestos mice

wo8 over 15 times the average for nice inhaling other dusts for
comparable perlods and over 3 timss the maxiounm for any other’ group.
Mice exposed to the practically inert ghort fibre asbestos showed
fewer lung tumors although 7 times more than those in short exposures

to other dusts.

hese observations are sugrestive but not conclusive evidence of a
cance“ gtimulating aoction by asbestos dust. They are open to
several oriticisms. The straln 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 apparently neceasary to
produce many -tumors. +here were no unexposed controls of the same
strain and efge and no dimilar controls exposed to other dusts.

It is hoped that thls experiment can be repeated under properly
controlled conditlons to deternlne whether asbastos actually favors

cencer of the lung.

XI Disability

Cannot be Geternined in animals. the accidental deaths were
rod the same causes mat with in all our dust inhalation experi-

nents.
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(a) Nature of Dust N R e o Vﬁf‘gww-._';’.i
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1 “ne hazrds increases with the proportion ‘oflintact fibres - i he
in the dust. Cranular material and crushed filbre are vnﬁgﬁ;;;j
inert diluents. R CEIS
;A'-. .).b.

11 The lon% fibres must be thin enough (1-3 Microns) and short: fer
enough (under 50 Microna?) to be inhaled. R

111 Very short fibres (under 3 Microns) are practically inert.

(b) Atmospheric Concantration 8till under study.

Apparently this factor is lower than in the case of dusts
composed of granular mlnerala but mathods of estipmation are
nisleading. :

'L n....‘,.

1 The avereges standard Publ'o “*altﬁ 8ervice inmpinger count
in the long fibre asbestos dust roon'was .40 nillion particles
per cu. It. of air. Tnia concentration:caused fibrosis
vigidble to ths naked eys in 20 to 24 minths. For comparison
the average impinger counts in an experioent with pure
quart: was 120 million particles per cu. ft." and fibrosls
developed at about the sane rate. ,~,Zn~'w : .

11 However, impinger counts arc deccptive bccause by this -
method of samplingz very few fibres, which are the gignliflicant
elements in the duat are collccted.tn N

111 Sanpling with an electrostatic precipitator ls a ouch more .
efficient meana of colleoting <fitres from air-borne sus-
pensions. Samples from our long fibre asbestos room
ghowed that the dust in the alr contained 32.5% of fibres
few of which had been collected or ccunted in the impinger
senple. The latter aanplad largely the inert granular parti-
oles. . L

“1iv As ordinarily employed precipitator samples are welghed and
the results sxpressed in mg. per cublc foot of air. There
is no nmeans of converting such values into numbers of
perticles particularly when theee vary in 8ize, shape and
Bpecific gravity. _

. 5 . .. ‘h*"""' R

v Slmultaneous aamplrng with preolpitator and standard im-
plnger yilelded the respective values of 0.85 mg and &0 oil-
lion particles per ocublc foot of alr.

vi Theoretioally the best indéx of hazard would be elther the
nunber or welght of fibrous elements in the dust.
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“. v 1 PFibrosis vislble to the naked eye after 12 nmonths eyuoéure,m
ircreages in extent 1in subsequent 18 ,aonths.

N ) L
“_ . . : ,‘J'l

11 The span of life of our nost auaceptible laboratory aninmal,
the gpulnea pig has prevented continuing %xpoere longer tnan

o DLl threc years. In this perlod only:the comparatively early |
TLlenn oo stagee of ‘asbestosis have been-produced.: With the know-
el ledre that we have gained, 1% 1is. probable that more extensive

yeoil e dlsease could heve been produced with a purer long ribre
: chrysotile. The long lived specles,.like cats, doge are un-
fortunately not eusceptlble- ) ¢ : c,

’

: 141 "For these reasons X-ray changes have been nininal and we
L~ ') were not able %o r41r111 one of the object‘ves of this pro-
S P grem. — -
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P XIII QPCO”"e”datlon fo“ a pr Standard of Safe Atmosoher*c Concent-a%tlon
?fi;ﬁ% T Asbestag Lust, -y,m D2 R ,
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Yig While there is no official atandard tke ‘'tentative one of

Al 4 or & million particles per cublc foot.of air is frequently
Epe o auoted. L B
:»f—‘" - _— . . e "n _‘~ T . .
ﬁ&ﬁ * () Thls is probably unrsliable because 1t 13 based upon saro’lﬂc
g with a standard implinger vhich we havershown does not collect

nosf of the fib”ea that are the gource ef hgzard.
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L
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ﬂg (c) We now think that a atandard should be: baaed upon sanmples

- collected with an electirostatic precipitator Af 1t ls feasibdle

%' to deternine readlly the re’atlve proportlon of fibres in such

i neterlal., 2 . S S

?, . ,‘.' N f.‘»..f’}'f I e

: (&) Work is still in Progress ugon: ‘the latter point. 2

: -4 ERA T Y o
. (e) To te o? value the'new standard would~hsvex~o ‘be correlated ..

with the"X-ray findings- upon’® cmHIOJeea expoaed to di'fe"ent -
concentrations of duat. ,.,.:54. ; TR .
<, .l\ ) J ?/
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XIV Ereverticn of Asbectcsiq

The expericents h“ve failed .to'davelop anyspractica* ch zical *i;;-
nesns of neutrallzing the action'of fibrous: asbestos,: R

. o K - s R . .
‘-._,s_’. e o .,‘0,_“, SRR 'j“ Ty

(a) To alter the human?lung 80’ that 1t wouldidisdolverasbestos e
fibres repldly like a rat would neceseltate’ (sretesir) E
creatirg an acldosls whioh would be: Morse’ t“an the_elfects of -
the fibrosis. I T LI ur;},?*g,?;.(,?. . A
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PN (b). Apparently aluninug, uhioh 1a 80 9ffeotivo- ainfg‘frsq aii}ca,,
N has llttle inrluenac upon flbrous chrzsotilg.% ’1,”k3:€qﬁgé§,“
o | R e it S AT IV
e Howavcr. it vovld bg"ot sreut tbeorct&cal“lnterost ‘to treaquGv
ty il ‘ few cages with’ roal,dyspnoeauirom asbestosis: by‘alumlnum in«vm
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" hslation. Ve arewbynno ‘meansisertaln; whethar»&he favorable,?kﬁu

R

g_.-ireeulta upon advancad: gilloptzcs are;due: col ognemigal nau‘ra-i—
?iwl,tzation of ouartz“xnftha 1un§a.,vAluu1num might"have»eo-evmang
,.general pbarmacolo#ical arquy whieh in’lucncea dyapnoea.té 2L
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. Chief reliance'mua IIT0RE be “based upon: controls of dust inithe '
i'rb air and, Ain viow: o.“thosc'oxnerimentaf'particularly upon(;be‘:x'
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