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KeasnEYy & Marrisox CoMPANY

MANUFACTURERS OF ASBESTOS AND MAGHESIA PRODLCTS SINCE 873

AMBLER, PENNSYLVANIA

erecuTive orrices March 8, 19430

K&d No. 2831
W. Y. ¥, Shepherd, Raq.,

Tuvner & Newall Ltd.,
Spotland, Rochdals.

‘&y Dear Mr, Shepherd:

Subject: Dr. Leroy U. Gardner's Asbestos
Dust Experiments.

Further to this subject, I now have pleasurs in
handing you herewith photostat copy of Dr. Gardner's
letter of February 24, 1943 to Mr, Vandiver Browm,
and also copy of the "Outline of Proposed Monograph
on Asbestosis.®

I have found this outline to be extremely interest-
ing. It brings out a number of important new develop-
nents, but we feel that reference to the question of
caencer susceptlibility should be omitted from the report
since 1% 1s inconclusive,

¢ _ I would appreciate recelvinz any comments which
~ you may have to moke concerning the enolosed outline,
and also will forward you the final report as soon as

receivedfj
/\1} sincerely,
R - kz ot £ Cgf
eni ok KEASEEY & MATTISON COMPANY
nel,
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THE SARANAC LABORATORY
EOR THE STUDY OF TUBERCULOSIS
OF THE EDWARD L. TRUDEAU FOUNDATION

SARANAC Lakg, N.Y. . o o

February 24, 1943 Leon uint,
¥r, Vandiver Brown
Johnsa-Manville Corporation “
22 East 40th Street v oot
New York, New York ) ~ .
Dear Mr. Brown:
e : I have at last succeeded in enalyzing nost of our

- volkminous experimental data end assessing the results. I reallize
“tEat this should have been ocompleted before this, but the emergency
has left me short-handed in the Laboratory and also necessltated nmy
doirg a good deal of extra traveling. I hope that the sponsors of
our study of ashestosis will be oharitable and realize that the work
has far exceeded its original scope.

We have done over 40 different experiments, many of
then divided into several paris, which involved exposure of anlmals
for 1 to 3 years to various dusts. The business of preparing mlcro-
scoplc sectlions and chenmlcally analyzing the tlssues on more thran
800 animals has been a Job in itself. Hy time for studying sectlons
ané analyzing data hes been so linited that we are behind our sched-
ule. T have still not had time to write a full report of thls work
which will of necessity be monographic. However, for the beneflt of
the contributors, I am subnitting a table of contents and an an-
notated outline to indicate conclusions and the line of argunent that

. will be developed. The latter itself occuples 15 pages, but I hope
~ they will find it sufficiently interesting to read. I shall work on
. the final manuscript as I have opportunity. ‘

There sre a few. experiments still in progress which
sheuld be completed by the time we are ready for them. <he work on
methols, of dust determination, I oconsider important enough to in-
clude in the study. The question of cancer susceptibility now seems
more slgnificant than I had previously imagined. I believe I can
obtain support for repeating it from the cancer research group. As
1t will take two or three years to ocomplete such a study, I belleve
1t would better be omitted from the present report. If 1t should
bécome possible to make this study, I hope that I amy count on some
of your members to supply me with enough pure, long fibre asbestos
for the purpose. : x
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Ur. Vandiver Brown A ) ‘ February 24, 1943

Naturally, I shall welcome any oritiolsm that you or
any of the other contributors would care to offer. Should any of
then want to dlsocuss detalls, I.would be pleased to meet with them.
May I take this opportunity to thank all the sponeore through you for

the support that we have had.
51ncerely'yours,

7

gy

Leroy U. Gardner, M. D,
Director

LUG:=BH
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OUTLINE OF PROPOSED MONOGRAPH ON ASBESTOSIS

Baranac Laboratory Stu dy under. Grant Iron Aebeetg Aeeocigtigg

PART I HUMAN ASBESTOSIS - .

Human Pathology - a study of 28 autopsy'eaaeg;llluetrated
X-ray Patterns in Asbestosls, Illustrated -

Ash and Mineral Values in Human Asbestosis

RSV I VI

Conplications of Asbestosis
(a) Susceptibility to infection
' i Tuberculous
11 Non-Tuberculous

111 Cancer of the lung
5 Disablilty, causes snd compariscn with silicosis
6 Dlagnosis
. {a) Hietory of adequate exposure

(o) X-ray film pattern

(c) Physical examination
(d) Asbeatosis bodies in sputum, their significance

PANCme e
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PART II Experimental Aepgagge;s

Methods

(a) Inhalation exposure to plant dusts.
{p) Injeotion into lungs through trachea of pure minerals
{o) Inj)ection of pure minerals into other organs.

Gpecles Susceptibility

¥an, gulnea plgs, rabbits, cats, white mice and rats,
dogsa.

Pecullar Characteristics of Asbestosis

(a) Unusual locallizalon of chrysotile fibre in lungs.

(b) Rate of resultant tissue reactlon nore rapid than to
quartz.

(c) Reaction to chrysotile not progressive after exposure
ceases; agaln the reverse of the situation in sillcosis

(d) Asbestosis Bodies

i Composition and methods of formation.
11 Occurence in different specles.
111 Formation does not parallel development of fibrosi
iv Gradual disappearance after exposure ceases.

Comparative Effects of Different Asbestiform minerals.

(a) Canadlan Chrysotile.
(b) Arlzona Chrysotlle, low iron.
{c) Crocidolite
1 Bolivlian specinen, stiff and elastic.
.11 South Afrlcan, soft and flexible.
(a4) Anthophyllite
(e) Amosite.
() Tremolite.

Effects of Control Minerals

(2) Grannular Serpentine, same chenical composition as
chrysotile.
() Glass Wool, a synthetic silicate fibre.
(¢) Brucite, a fibrous magnesium hydroxide almost free of
gilica
|
Chemical Composition of Asbestiform minerale in Relation to
Irritation.

(a) Nothing in composition correlated with relative irritat}
‘capacity.
(b) Prelininary acid treatment

i Hydrochlorio acid
11 Carbonic acid

060 08 00094
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(c) Effects of Aluminum
7 Physlocal Properties in Relation to Irritatlion

b) Effeot of Crushing

saz Length of fibre
(¢) Heat treatment

8 Nature and Significance of Asbestosls Body

(a) Formation
b) Protective effect preventing further lrritation
o) Ultimate solubility in tissue

9 Theories of Action of Aébeetiform Minerals

(a; Chemlcal - reasons for considering invalid
(b) Meohanical -~ experimental demonstration of.

10 Complications

(a) Inredtion. tuberculeosis and other varietles
(b) Cancer of lung - experimental data suggestive but not
proven .

11 Disability
12 Essential Features of Hazardous Exposure

(a) Nature of dust - fidbrous component and slze factors
(b) Atmospheric Concentrations - probably lower than for
quartz : : .

i Inadequacy of standard impinger sampling method
which does not collect the dangerous fibres
- 11 Electrostatic preclpitatarsampling preferable but
3 . nethod must be modified

(¢) Duration of Exposure

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

{a) The Quasi-official standard of 4 to 5 million particles
per cu: ft,
(b) Work upon better metho@ of sampling O

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

14 Prevention

(a) Chemlcal means not practical

i
i
i
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i Acidosls necessary to dlssolve fibre in lungs woree
thar Asbestosis N
i1 Aluminum Therapy inapplicable
111 Chief rellance still upon dust prevention with
. speclial emphaais upon the fibrous compcnents
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ASBESTOS8IS8 -~ ANUCIED QUTLIhE INDICATING RESULTS
PART I - HUMAN ASBESTOSIS '

I Human Patholowy and X-ray Patterns - Descriptlon

Based upon 23 human autopsies

2 Ash and Minersl Values in Human Lungs.

3 Complication of Asbestosis

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

11 Non-Tuberoculous= The same reason probably applies
should be checked. by analysis of ab-
genteelsm among asbeatos workers.

141 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, thls inclidence is excessive
. No such frequency has been discovered in
8llicosls pr other forms of pneumoconio-
8ls except, the Schneeberg mines of radio-
active orea. The evidence is ‘suggestive
but not conclusive that asbestosls may
- precipitate the development of cancer in
susceptible individuals.

-4 Disabilit

e Clinlcal éxperience suggests that truly disabling asbestosls is
manifested by less striking X-ray changes than a corresponding
degree of sillcosis. Such disablility in asbestosis 1s dus to
disease within the lungs and not to secondary heart disease. As

silicosis, associated pulmonary infection increases the amount
"4 geverity of the dust fibrosis with resultant aceentuation of
dlsatility. There is urgent need for a careful physiological
study of pulmonary function in asbestoels of varying severity.
Undoubtedly, there are many dlagnosable cases with no qignificant

dleability. . ,

5 Diagnosis depends upon three factors.

(a) History of edequate exposure, usually 6 to 6 years, some-
times longer, at work where both the concentration and
character of the "asbestos" dust are hazardous.

§
i
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(o)
(e)

(a)

o

n

I  Methods

(a)
(v)

(e)

. Pibres dieeolved' no aebeetosie bodles; -tissue resction’

I1 Specles Susceotibllitx

Specles Fibrosls Asbestos Bodlee

oe
An any organ of any species 0f. animal.
. 'the lungs of man. and thoeeﬁgf'

A physical examination which reveals certain characteristic
signs and nay reveal evidencea of dieability ir present.:

Asbestosls bodies 1n the eputum are confirmatory when the
previous factors are; all posltive.” Howevar, the bodies ::
nay be absent,’ particularly in the absence of bronchitis
infection. .
Asbestoshbodies uneupoorted by other evidence do not make_,

. & &lagnosis. Occaslonal ones have been found in about 15 -

autopsy epecimene of ‘persons with no known exposure and no .
fibrosis, probably or non-occupational origin,

‘ e RERR R RS .
Inhalation Exposures to Plant Dust - Speciric fibrosie An’
lungs, but no changea elsewhere..

Injections -of Susgensiong
Similar results.x_,;“

n]ection of Suagension

~Mineralsinto other:organsg
=2=neras a0

of Pureg

fined to phygocytoais end’ encapeulation‘”

Compare the
asbestos qarms of human su Jecte

"0 uce 1te.epec1ric e‘fec1
It causes fibrosie ‘only:

Yan ‘4;

R
“a

Guinea Plg 2+

Rabblit ) +

-

;wm iy

v&_u RSAGE i .
tibroue mineralaﬁ;};lungs a1
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1 Fibres like ochrysotile having a certaln degree of flexibility
and elasticlity acocumulate within the finest alr tubes; granular
dust 1s carrled further on and 1s widely scattered through the -
terminal alr spaces. :

(b) Rate of tissue readtion to asbeetos 1e much more rapid than
to an active dust like quartz. Evidences of formation appear
as soon as gufficient concentration of fibres has loocalized
‘dn egeciflc areas; with quartz, there is a latent period of
months, .

(¢c) Reactlon to asbestos does not progress on ¢sssation of expos-
ure. Young scar tissue that may have formed, contracts and
becomes more dense but the area of involvement decreases in.
slze. In sillicosls, the .young nodules become larger after
exposure qeases.

(d) Asbestosis Bodles sre a specific concommitant of this form of
pneumoconiosls. They are due to a deposit of proteln and iron
upon the surface of inhaled fibres. In guinea pigs they form

after about 60 days of contact with the tiesue. They sare abund-

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

larger in the former probably because the larger slzed alr tubes

admit larger fibres. In cats, rabbits and mice, there Ls an
atyplcal coating of a few of the fibres after much longer resi-
dence in the lungs; in rate and doge no bodles could be dis-
covered. * From paragrach 2 it is apparent that their occurence
does not parallel development =f florosis. In lung injection
experinent, the bodies have mwaf ceveloped untik after fibrosis
te~well. edvenced, The number of bodles geems tu deccrease
several years after exposure ceases.

- Ll (3)

J Comparative Effects of Different Asbestosis Minérale

(a) Canadian Chryeotile - highly irritating.

(b) Arizona Chryectile (low in iron) equally irritating and pro-
duces Just..as many asbestosle bodies as the Canadian product

with over 1l times as much 1iron,

(¢) Crocidolite - The South African blue asbestos is known to cause
asbestosls. Only a limited supply of thls material in pure
forn was available, most of 1t was used earlier in the work in
non-productive experimente. For the later c¢rltical injection
tests into the lungs, & Bolivian variety was substituted be-
cause of its high purity. Itg fibres were much stralghter,
stiffer and more elastic than the cottony South African variety.
Perhaps because of these pecullaritlies, 1t has not glven
reactions comparable to chrysotile. It produced asbestdsis
beéles but -did not localize in the terminal alr tubes nor cause
any fibrosis. Tests 10w being repeated with a typical South
African crocidolite with physical characteristics slulating
chrysotile.

9

-
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(a). Anthoohxllite - stiff, stralght fibres - atypical asbeatoais L.
bodles forms slowly but no localization or fibrosis 1n 1unge. 9

(e) Amosite - Ditto.

(r) Amphibole -~ Ditto.

(¢) Tremolite - Ditto but very few aebeetoais'bodies ~.Obeervation
being continued. ; _ S

Yy Control Mineral

(a) Granular Serpentine of ‘same chemiocal composition as chrysotile
1s inert causing no fibrosis in lungs or other organs, “¥Wt ¥
attracts iron from the lungs but of course, no “bodies' develop

(b) Glase Wool(a synthetic silicate) fibres are not inhalable rrom
alr-borne suspensions, apparently because of their stiffness’
(the dlameter is not responsidle as some used were less .than .
1 micron thick) OQn injection into the lungs, they do not ¥i%':
localize in the alr .tubes but are widely scattered. They oauee
no fibrosis. After 3 or 4 months in contact with lung fluid,-::
a few glass fibres take up iron but remain smooth. They never
show the swollen ends and 1ateral proJectiona of the true EEN
asbestosls bodies. . . , :

(c) Brucite of interest because it is a ribrous mineral praotically
free of elllica (0.9%). Crystallographically the arrangement of
its Mg and OH groups in each unit oell is similar to_that in
chrysotile. The sample used also contained about 16% iron, pro-
bably fron contaminafing magnetite. The fibree are stiff and
needle liﬁe. Observdions not yet completed but after 2 months
in the lungs, typigal asbestosis bodies develop but there 1s as
yet no fibrosls. <4he fibre are scattered through the lung instee
of being.locallized inside the terminal air tubes and tissue

reaction’geccurs around, instead of within the tubes,

Vvl Chenical Composition in Relation to Irritation

(s) Nothing in the following chemical conpositions can be cor-
related with variations ln capaclty to provoke tissue reaction.

(See Table Next Page)
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Chrys- Orocid-  Antho< ‘i

otlle

lolite : Dhy111t5

<i0p  37,43%

‘x ¥ (00 0 Qg- by

54,99% 57.4.3%

4‘8*1"'/ 9«:‘ i 1

2.9, 2,355 _ 16.27% 0, 51% “""e% S "“oe% 2 L&l%
« 9 9 4,29% o 2% ';"3‘3""8:?% e oy
128 0.36% 1,028 0.28% = 1.00%

reQ . 0.05% 0.79% . 0.44% 2’;6"15.‘

190 38.77% __12.25%  29.54% ‘6.20%

taa. 0 0.29 .92 0.2 - 0337 o0

>0 . 0,08 0.57 ___0.15 5j1'0‘?-'~:._>.‘~:~<-" 5,
©3£4105° 4,30 0,02 0.62 068 . 0.3

' >105° 14.92

2,58 ' 2'4g 3 5 L

(b)

(c)

Acid treatment of ohryeotile fibrea

pearance of fibre but after suoch treatment it rapidly
solves and diaappeara on inJeoting 4 o living tiasu‘a.

4.

c. .,l‘ ) M

11 Treatment with COp bubbled through water or’ 1ung juice

. suspensions of chryeotile fidbres causes partial eolution

wlth liberatlon of sllica and magnesia.-~ H ,'

Colloldal allumina does not neutralize the effects ot asbeeto:
as 1t does quartz. On injecting chrysotile suspended in .. -
aluninun hydrate solution, fibrosis and asbestos bodies dev-
elop at the usual rate. 1t remains to demonstrate whether the
fibres become coated with a layer of aluginum monohydrate as
has béen proved in the case of quartz. f they have, the coa1
does not affeot thelr capacity to 1irritate tissue.

VII Physical Properties in Relation to Irritgtiog of Lung Tiseue ,

(a)

(v)

b~ LS

-

Crushing oompletely destroye the fibrous structure of

Length of Fibre

Short chrysotile fibresunder 3 microns ‘are practically 1neri
20 to 50 micron fibres cause typical fibrosis.
The effects of longer onss could not bde teated for teohnical

reasons.

chrysotile. With loss of structure, all capacity to 1rr1tate.?
disappears. ﬂy R
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,;Hga:q YAt ignition pe mperaturea~water N rariven of fabutithe uian
,ribrewatruoture ie. preaerved.”QFibrea beoome"extremely*brigt,‘
The physical change.altere typical localization within ‘the¥f:
~lungs, no fibrosis develops,-reaction:
“No asbeatoeis bodiesﬁformed

(c)

‘1imited toiphyagooytosi b

s 5"3& Q‘}I‘:‘i

VIII Ngture gnd Significance of odles ¥

. 18 TR iy 'é&”-ﬁ”* TR ~e<‘€‘%?"“ A

(a) Bodles probably ‘pesult from’ depoaltionxo .droniand organic

‘ matter on a slowly . diaaolvingnribre orgaébeetos 3

| of the iron 1s more: llkely to‘be.the>1ung«tiaeue-t \
mireral itself as the'coating~ia-3uat*ae hgavyﬂog_fibrous

(v) -

{c) 'gﬁthe

hich’ it_doee not
“‘ v qu ‘}"f&" s

dual disaopearance of bodles (and%fibres) long arter
€ Polnts, to ultimate solubility'i tigsue flulds.

(a)

The grg
exz08U _

(e) Tne bodies are probably a rortuitous concommitant rather than,,
\ a cguge of fibrosis. v . wo ‘

IX Theories of Irritant Actlon ot Asbgatigor Minerals

| (a) Chenical These exnerimente d0 not confirm the theory that

| asbestosis ia merely a form of eillcoels resulting from free

‘ : sillica liberated in the solutlion of a silicate molecule., If
thls were true asbestos,like quartz,should cause fibrosis in

\ any organ of any specles for the experimenta have shown that

\ injected asbestos dlesolves 1n these locatlons. However, it

\

ioes not ¢~uge such reactlion iﬁ any location but the 1ungs of a
species. ‘ ' :

.(b) Mecnanlcz2) Irritation

We are proposing the theory of mechanlcal 1rritation which 18
manifested only in the lungs because this organ is the only one
whose normal phyelologlcal functions involve a high degree of
modbility. Experiments designed to prove. the necessity for motlon
in this tlssue have falled for technleal reaeons. -
For thie theory to be applicable,.it is: neceaeary tka& the
fibres be concentrated in the fiye terminal‘air tubes, It hae
begn shown that only ohrysotile of the asbestiform minerals thus
Y4 the proger physleal characteriatice;to ‘Ansure’ such
1ocalization. t 18 ‘also essential thatithe’ ‘fibre ehall persist
long enough before 1t dissolves in thelunge of species like
nmice, rats,fdoge. It appareatly’ dissolves 80 rapidly that 1t
exerts no irritation. Similarly. rapid aolution may explaln

in part, the lack of fioroeia in organe other than the lungs.

10’(9&'((0) e e o
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The fibres must be long enough so that they cannot be completely ..
surrounded by pharocytlic celle which would prevent contact of thes
round, broken ends with the dellcate cells supporting the alr tube
Observation has demonstrated that these conditions are realized in
gulnea pige treated with long fidbre chrysotile and fibrosis result
With the other asbestiforn minerals that have been tested, some or
all of the prerequisits were lacking and no fibrosis developed,

(c) If the irritation were chemical, fine serpentine which has th
same chemical composition as chryaotilgishould have also caus
fibrosis. The crushed chrysotile shoudl have been more activ
than intact fibres, because of the greater surface areas ex-
posed to .body fluidas. On the assumption that ohrysotile, 1lik
cuartz, becomes coated with a very thin layer of aluningm on
treatment with colloidal aluminum hydroxide, capacity to caus.
fibrosis should be destroyed if the aotlon were chemical but
such 1§ not the case. . vive

(@) %ne heavy cqafing resulting from asbeatosles body formation ap
parently does stop tissue reaction but here the effects are
probably mechanicsl for reasons clted.

(e) Heat sufficlent to alter chemical structure d estroys power
to irritate but it also alters essential physical characterlist
that affect locallization of the fibres in the lungs.

X Comolications

(L6 - GLLD) | T

-

(2) BSusceptibility to Infeotlon

dvsh

1 Tuberculous - Asbestos behaves like most other mineralg, in
this respect and not like ouartz which specifically increas
native susceptibility to the tubercle bacillus. This in-
fection may spread for a time but then heals. The resultan
fibrosis accentuates that oaused by the mineral fibre.

11 Non-Tuberculous - of no greater frequency than in animals
inhaling dusta of other kinds. Occaslonal epidemlics of
pneunonia occur in our dust rooms, but these are due to
nethode of housing rather than to dust; they eem also occur
in unexposed aninals.

111" Cancer of Lungs
bA*Hcvhv’;

No experiments were,deslgned to elucidate this point but
certaln evidence suggests that asbestosils may actually
favor development of tumors in susceptible spec%es.

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

2 When these specles were éubjeoﬁed'to 2 to 3 years in-
halation of asbestos dust, the incidence of lung tumor
was not inecreased. - .z, . it 0

cant
b
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3 Some strains of white mice do develop tumors without
apparent cause. y

4 Buch a strain of white mice was unintentionally used in
three inhalatlion experiments with asbestos.

5 Of 11 mice inhaling long fibre asbestos for 15 to 24 month
8 developed malignant tumors in thelir dungs and 6 of them
had tunors in other organs. The incidence rate 81.8% is

excessalive.

€ Of 22 mice inhaling ghort fibre asbestos for not longer th
12 months only & developed lung tumors. Rate 13.6%

7?7 As controls, we have only the experience with mice in oths:

dust experimentsa. -
For short periods, there were 51 mice exposed to 4 other
kin%e of dust for 10 to 12 months. Incidence of lung tumo:
109 . "
For long periods, there were 143 mlce exposed to 4 differer
kinds of dust, inoluding pure quartz, 23 to 31 months. Foz
all this group of mice the average incldence of lung tumor
was 18.8%: the highest rate (25%) was in a subgroup exposed
to flint dust.

Thus the incldence of lung cancer in the long fibre asbestos mice
woe over 16 times the average for mice inhaling other dusts for
comparable perlocds and over 3 times the maximum for any other’group
Yice exposed to the practlecally inert ghort fibre asbestos showed
fewer lung tumors although 7 times more than those in short exposur
to other dusts. .

“hese observations are suggestive but not conclusive evidence of a
cancer stimulating aotion by asbestcs dust. They are open to
gseveral criticlsms. The straln of mice was not the same in the
asbestos experiment as in many of the octhers cited; apparently the
former were unusually susceptible. Not enough animals survived in
the dust for longer than the 15 months apparently necessary to
produce many -tumors. <4here were no unexposed controls of the same
strain and gge and no dimllar controls exposed to other duats.

It 1s hoped that thls experiment can be repeated under properly
controlled conditions to determine whether asbestos actually favors
cencer of the lung.

XI Disability

Cannot be determined in animals. 7The accldental deaths were
from the same causes met with in all our dust inhalation experi-
nents.

prese (B e
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XII Easential Factors of Hg2grdoug xnoaure ,_'

(a) Nature of Dust

1 %ne hazrds increases with tne proportionzof 1ntact fibres
in the dust. Oranular material and erushed fibre are --
inert diluents.

11 The lon% fibres must be tkin enough (1-3 Microne) and short
enough {under 50 Miorone?) to be inhaled.

111 Very short fibres (under 3 Microns) are practically inert.
(b) Atmospheric Concentration Btill under study.

" Apparently thls factor 18 lower ‘than 1n the case of dusts
conpoged of granular minerals but methods of estimation are
nisleading. L.

1 The average standard Publio ealth Servioe impinger count
in the long fibre aebsstoe ‘dust roon ‘was’ 40 nillion particles
per cu. ft. of air.‘. his’ concentration ‘caused fibrosis
visible to the naked eye’ "An .20 to 24 minths. : For comparison
the average impinger counts in -an experinent with pure
guartz was 120 milllien ‘particles per cu.’ rt. and fiorosia
developed at about the same rate. ; '

11 However, 1mpinger counts are"deceptive becauee by this “
method of sampling very few fibres,:which' are the elgnificant
elements in the dust are colleoted.. :

111 Sempling with an electroetatio precipitator ie a much more .
efficlent means of collecting .fibres from air-borne sus-
pensions. Samples from our 'long fibre agbestos room
ghowed that the dust in the:alr contalned 32.5% of fibres
few of which had been collected or counted in the lmpinger
semple. The latter sanpled 1argely the inert granular parti-
oles. .

“iv As ordinarily employed precipitator eamples are welghed and
the results expressed in mg. per cubie foot of air. There
18 no means of convertling such values into numbers of
_particles particularly when theee vary 1n elze, shape and
'speciric gravity. , 4

v Simultaneous sanpling with precipitator and gtandard im-
pinger ylelded the respective values of 0,65 mg and &0 mil-

lion particles per cubic foot of air:
: |

vi “heoretically the best index of hazard would be either the
number or weight of fibrous elements in the aust.
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(c)- Duration of Egggggzg ’ L .4A

"1 Fibrosis visible to the naked eye after 12 montha exoosﬁ}é#
increases in extent in subsequent 1a months. "

= N

11 The span of 1ife of our most euscegtible laboratory animal‘
the guinea pig has prevented continulng %xgos;re longer tha
three yearas. ‘In this perlod only:the compqratively early !
stages of asbestosis have been produced. : With the know-
ledpe that we have gained,-1t.1s ‘Probable ‘that more extensi:
dlsgsease could hsve Dbeen produced with a purer long fibre -
chrysotile. The-long lived«apeciea,«llke cats, dogs are un-
fortunately not eusceptiblel

TFor these Teasons x-ray changee have been mininal and we | }
‘were not aole to fulfill one of the obJeotives of thie pro=
v 25 o

DA

‘Atmoagheri Concentratior

While there is no o?ficial ataudard Tthe tentative one o’ o
4 or £ million particles per. cubic foat of bir is frequently
quoted, , 4 :

L% ’ ua
R This 1s probably unreliable beoause 1t { aged upon sanoling
RS with a standard impinger which e have\bhOWn does not collect
o~ L nant‘of the fibres thet arewthe source of hazard -

St (e) e now think that a standara should be:based upon samples

collected with an electroatatic precipitator Af 1t 1s feasible
“of. fibres ir such

to determine readily the re ative proportio
neterial,

()
(e)

concentrgtions of dust.

o

XIv Prevert*cn of Asbestcsis'b

The experiments have falled .t develop ny“b rac 1 'heuical
means of neutrallzirg the action of : ribrouaggsbestos

l‘

L%

. ok C X% N
(&) To alter the ‘human® lung §0 that 1t 'duf& al aolv
fibres rapldly like ‘a rat would neOesaitgte Gepeeau%v
c"eating an aciaosls wh ivh woulq.be
he flbrosie. a3 :
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. : Bl AR
However, it wou‘m be 01 great';theoreticiil‘,i
few cases with: realrdyapnoea"f;from aebgatoeie.,,by alumin .
halation. We are;by-no means. ‘whetherﬁ,the favorab exn
results upon advanced ailio\tﬁ.ce are,c_ :
be.;lunga‘.u Alumin
al effect 'whi.cl} iinfluenc

T o .;3@,,@
e

465111 e"i?:’a‘e.aajgu

‘‘experinents M pa;
fibrous components“of euch duat i gtk
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