Second Prorress Kenort on Fxperimentasl Asbestosis /jk/

by the Saranac Loboratory, Anril 18,1938

The inhzlation experiment with asbestos dust has now
progressed sufficlently to perzlit a more detailed discussion.
Tne conditions defining this experiment are briefly sumsmarized
by the following datas

The Dust - 18 predominantly fibrous asbestos (chrysotile)
with some serpentine, dolonite, chromite and magnetite. As received
froa the plant wuch of it was too coarse to be iniialed. It was
therefore reground in a case~hardened steel ball mill until the max-
1mun perticle size was 3 microns end a great cajority of the fibres:
vere 1 micron or less in diameter. This reground material was too ex-
pensive to use in the ordinary 8x8x8 foot dusting chaczbers and it
was 8o fine that it packed in the dusting hoppers. Zherefors a
limited amount of unground material was added to it to set up a
dust cloud,

are
Dust Counts/ciade with a Greenburg-Smith impinger apparatus

fron tice to time. The average concentrations maintained inside

the animal cages daily, 6 days a week® are indicated by ths follow-

#As the animels spent their cntire lives in the dusting room they
vere subjected to a considerable but unceasured concentration of

dust during the remaining 24 hours of each day. &nough dust adhiered
to their bedding so that at night they were exposcd to concentrations
of the order of 2 million or less particles per cublc foot.
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ing figuress
Particles more thon 10 microns 645,000 per cubic foot of eir(light field)
Particles less than 10 microns 86,100,000 per ® n LR n n
471,300,000 n ® ® w0 (dopk fleld)

The lost figure, cbtained by counting the particles under durg
field 1llunination, indicates that there were an excess of fines. In most
dusts the ratio of darz to light field counts is 2 or 3 to 1; here it is

over 5 to 1.

Size Frecuency Counts

Particles less than 2 microns . 794%
Particles 2 to 5 microns 15.0
Particles 5 to 10 wmicrons 34
Particles more than 10 microns 2.0

4gain the great preponderance of small particles is indicated.

The first report made on uWay 5, 1937 pointed out that the
inhalation of hign concentrations of very-finely ground asbestos dust
had not produced any significant changes in the lungs of guinea pigs,
rabbits, white rats or cats during a periocd of 5 months.

On March 22, 1938 the dust exposures of these animals had
been continuad for a periocd of one year. Representatives of each species
were killed and their lung tissues were examined microscopically for
evidences of ashbestosis. The lung tissues of the guinca pigs were also

subjected to chemicul analysis. Thae results have been somewhat surprising.
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8 Guinca Pirs - falled to sbow enough evidence of reaction

to the dust to be detected on gross examination of their lungs.
Even in thin microscopic scctions the chenges were too slight to
be visualized without megnificatlion (see figure 1). Vthen so
observed it wias found that only thie very euriiest stages of
asbestosis nad developed (figure 2). No fibrosis had appeared; the
reaction was very largely one of the dust cells which had surrounded
end walled off zyriads inuialed fivpres aand garticles of dust.
Asbestosils bodies, which customarily form about asbestos {ibres in
the lungs of guinea pigs and humsn btelngs had developed tut mssst
of thex were extremely saall, as would be expected in dealisz with
such fina dust. A moderute nuwber, presumably from the unground
dust were much longer and often extracellular.

| The lungs of three of tuese guinea pigs were analysed
chezically for thelr total alneral and silica content. The results

.obtained are indicatsd as followst

Dry Tissue . Ash
8 5.02 Q.51 10.23
1 458 0.46 10.08
12 5,16 0.54 10.54
. ggg%?%ls 5.61 0.10 1.83
810, Controls 12.02 528 43.88

dhese figures indicate that the total welght of inorganic
material in the lungs 13 not lnereesed ovea thouygn the sections
reveal great numbers of fine particles within the dust cells., This

could be explained on the basis of the very szall size of the
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ﬁarticles vhose coxbined weight 1s negligible. That there are
Kap;reciable quantities of silica-containing foreign bodies is
shown in the other columns; the dried lung tissue contains 4 or

5 times the noraal azount of silica and in the ash the silica
content 1s nearly 10 tiazes the noroal awount. When compared with
trhe average figures for a group of animals exposed to pure quartz
for one yririt will be noted that the total eawount of ash and the
percentage of silica in the asbestos series is relatively low.
The results of these chemical analyses seen to indicate that
asbestos dust, even when very f{inely divided is not as readily
inhaled as a particulate dust lice cuartz.

2 Rabtits - Autopsied after one year of exposure show
slightly more cellular reaction in tke lungs tian the gulnea pligs.
The changes were visible on gross examination of thin microscopic
seétions but not on inspection of the lungs as they were removed
from the body. '

Microscopic examination of the sections disclosed con-
siderable accumulations of phagocytic cells about the inhaled dust,.

The fibres were unchanged and no asbestosis todles had develoned.

There was no evidénce of fib;osis. A sinllar result was obtained
in a previous experiment on rabbits,

2 White Rats revealed chunges comparable to those in the

rabblts without the forzation of asbestosis bodies. In two other
animals killed on the 8th month the ckanges were similar in
character but less intense. TFive other rats have died of inter-
current echronic pulizonary infections. They viere discarded as their

lungs showed little or no inhaled dust. The findings in this speciles
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confirm thogse obtained in a forzer experiment.

8 Cats died of infectlons within the first 3 or 4 months.
Their lungs revealed little or no dust or rezction to it. One cat
wa3 Killed aftcr one year'!s exposure, Grossly there was no
evidence of dust reaction. iicroscopic sections showed nuxerous
scattered phagocytes containing minute particles of asbestos. No
long fibres or asbestosis bodles could be found.

The injection exveriments with 1 to 3 micron particles of the
various fibrous silicates und serpentine mentioned in the previous
report have uniforumly failed to produce scar tissue either in
rabulits or in guinea pigs. Anthophyliite, crocidolite, soda
trecolite and serpentine have now been observed for one year,

Awosite and amphibole for 6 months. The difficulties attendant upon
intravenous injection of chrysotile have not been overcome but the
attexpt has not been abandoned. All of these winerals are without
effect upon the extrapulmonary tissues and none kave produced
asbestosis bodies,

Co:zments = At first sight the negetive character of these
inhalation results might seem discouraging for the originsl objectives
are apparently not belng attalned. Instead of producing pulmonary
asbestosis at a rapid rate the reaction is relativey insignificant.
A whole year's exposure to a comparatively high concentration of
exceedingly fine dust has not produced enough change to be visibls
without high wagnification of microscopic sections,

The results are not only surprising but they challenge
explanation. b®hen they are compared with the findings of a previous

inhalation expericent on gulnea pigs they suggest that the original
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hypotheses accepted in planning the present experiment vere
erroneous. The very fine dust employed for this test has caused
much less recction than the coarser materiai used in the first

one. This result wes obtelned in spite of the facts that the

amount of fibrous aaterial in the new dust was 3 or more tines

as great as that in the old, end that tue atmospheric conceatratlions
zaintained were perhaps 10 or 15 tires as great.

The factor of particle size i1s apparently the one

responsible for the difference in results. Kost of the asbestos
fivfes in the lungs of the new experiment aniuuls are small enough
to be entirely contained within the body of a dust cell. Soue,
originating froa the unground material placed in the dust hopper
to facilltate generation of dust are lenger. The sbdrt intra-
cellular fibres are treated by the lung more or less lize parti-
culate dust. Instead of being concentfated ebout the terminal
bronchioles as in the case with longer fibres, they are scattered
widely throughout the air spaces. Few establish contact.with the
pulzonary {rameworkX as they are protected by the bodles of the
dust cells wnich surround them. If their action be chemiéal, not
enough are contantrated in any particular focus to expect apprec-
iable reaction. VWhat little eflect there has been might readily
be due to the limited nunber of long fibres. It is unfortunate
that any unground flbre was added for otherwise 1t :ight have been
possible to state with certainty that the short fraguents caused no
fidbrosis.

If these early results are substantiatcd on subseguent
observation br the anizals exposed for longer periods, it is
believed that the chewmical hypothosis‘of tlie action of asbestos
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will have to be gbandoned. In its place it will be propecsed that
asbestos fibres act as mecheniczl irritants. Already there 4is
considerable evidence to support such a hypothesis. The particulate
serpentine which has the sace chemical composition as the fibrous
chrysotile has been proved to be incapable of producing a fibrosis
in organs other than the lungs. VFhen chrysotile is ground so
finely that it approxi:zates serpentine in physical state it loses
its capacity to cause flbrosis., If 1ts action were chemiczl in
nature it should become more active as the particle size deéreases
for under.such circuustances relatively more surface should be
presented to the cells and flulds of the bodye. GQuartz, whose
action has been proved to bs physico-chemical, behaves quite
differently. 31he scaller the particles of frue Si0y,, the more
vigorous end rapid the reaction they promota. Their effects are
ﬁot restricted to the lungs of certain species but can be elicited
in any organ of any aninmal, bird or fish. In the case of asbestos,
on tie other hand, irritating properties are only menifested in
the iungs, and then only in the lungs of certain species of animels,
The smallest fibres, which should theoretically be most active are
appérently inert while only the longer ones seez to cause fibrosis.
It is inferred therefore that their action is mechsnical and that
the long stiff fibres are irritating only in the lung because this
organ is in active motion during respiration. In sluggishly moving
organs like the liver, spleen end subcutaneous tissue the factor
of motility i3 minimized.

The nmost surious objection to discarding the chiemical
hypothesis at the present tiwe 1is the imperfectly known relationship

betwaen the asbestosls tody snd the developuent of fibrosis. <Lhe
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asbestosis tody must form as the result of chewical reaction.
The question which recwains unenswered 13 whether such chemlcal
recuction is also responsible for the developuent of scar tissue.
Soms observers are of the opinion thuet tke foruatiorn of the bodies
is a protective mechanism by which tkhe tissues attezpt to coat the
.1rritating asbestos fibre with s saooth non-irritating mexbrune,
Qur own c¢xperinents and those of othsrs hive demonstrated that
asbestosis bodies recovered from huzan lungs by chexlical digestion
will not produce fibrosis in the subcutaneous tissues of guinea
pigs. Their action must also be tested in the lungs before &
finzl enswer to this question can be given. The evidence now
avallable suggests that the reaction responsible for the formation
of the.bodies is notjtha one producing fibrosis.

But on the other hand, it i3 ixnown that asbestosis body
forzmation occurs only in tissues which do develop fibrosis in
response to local accumulations of asbestos fibres. Thus far only
the lungs of guinea pigs, dogs and human beings have responded to
the inhalation of asbestos dust by the formeticn of scar tissue
and asbestosis bodies. . Injection of asbegtos into other organs.
of guinea pigs produces only occasional bodies and little or no
fibrosis. The asbestos corns of the sikin in human beings do not
contain the bodies. The lungs of species lie the rebbit, white
rat and cat have shown neither ﬁsbestosia todies nor fibrosis. In
their case it will have to bs determined whether the lack of re-
action is due to more effect;ve upper respiratory protection
vhich preciudes the inhalation of effective quantitles of asbestos
fibres or whaether it is due to chemicsl factors peculiar to these

specles which prevent reaction with asbestos,
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The possibilities are under investigation and 1f decisive results
can be obtained the validity of one or the other hypothesis should
be established,
Sifnificance -~ while the inhalation experiments have failed

to produce pulconary fibrosis at the rapid rate anticipated they
are nevertheless instructive. Verification of te proposed cechanical
hypothesis and the establishment of a8 relationship between the
length o{ fibre and the irritating properties of asbestos would
explain the hitkerto mysterious distribution of asbestosis in _
various departzents of this industry. In the Thetford mills there
seens to be little or no disease in spite of heavy atmospheric con-
centrations of dust. Here the fibrous elexents of the dust are
largely very short and hence perkaps not irritating. In the English
plants it has been stated that the process of "mattress beating"
is productive of the greatest amount of asbestosis. This process
could readily break many fibres longitudinally, liberating a dust
rich in fragments short enough to be inhaled but long enough to be

. irritating. In the American factories the amount of disease hss
not always paralleled the atmospheric concentration of dust. More
cuses have developed after exposures to the "opening® machines than
elsewhere. Since opening is a crushing operation it might produce
the most effective length of fibre,

If these theoretical considerations can be substantiated,
they should be of value in planning a program of prevention.
Special precautions would then be instituted in departzents where
fibrous types of dust arse generated. In processing wmills dealing
largely with the extrezcly fine asbestos powders employed for
insulation only sufficient exhaust to conform to accepted standards

od housekecping would be adequate. Until the hyglenic signi-\.
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ficance of fibre length has been established ull asbestos dust

must still be considered hazardous.

Sumnary - An inhalation experiment upon guinea pigs,

Tabtits, white rats and cats using high concentrations of asbestos

fibre ground so finely that most of the particles are under 1
micron in paxioum diameter has falled to produce evidence of
asbestosis in one year's time. The amount and severity of the
reaction 1s not nearly as great as that produced in a previous
expericent by the inhalation of 1/10 to 1/15 this concentration
of astestos dust. The only other appreciable difference in the
two experiments is the particle size of the dust. These observations
together with those from collateral injection experimert s suggest
that the injury from asbestos may be mechanical in nature and
produced only by fibres which exceed an unknown minimum length.

If this ultimately proves to be the case 1t may explain the
puzzling absence of asbestosis in certain very dusty parts of the
industry. It may also direct attention to the points where dust
collection is most important in preventing the development of
asbestosis. ‘

' To answer the questions that have now been raised it is
planned to continue the inhalation of the fine dust for another
two years and to perfofm certain other iﬁjection experiments.

To reproduce the pathological pictﬁre of generalized asbestosis
another inhalation experiment with a dust composed of longer fibre

will be started within the near future.
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Fig. 1
Guinea pig's lungs after 1 year's exposure
to high concentration of exceedingly fine
asbestos dust. Only reaction visible at
this low megnification shown at points

marked by arrows - New Exlocf-.'ment
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Fig, 2
Higher magnification of an area marked
in figure 1.
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Guinea pig's lung exposed for one
year to 1/10 the atmospheric con-
centration of coarser asbestos duyst.
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Higher magnification of lung shown in
figure 3.
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