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JoHENS -MANVILLE CORPORATION
C‘; TWENTY:TWO EAST FORTIETH STREET
NEW YORE, N.Y. r

ExzctTIVE OFFICES

Decewber 26, 1939.

¥r. Sumner Simpson, - - ng/
President, ’ &‘9 &
Raybestoa-“anh&ttan Inc.,

Bridgeport, Connecticut.

Re: Asbestos Dust Experiments -
Dr. Leroy U. Gardner

Dear Mr. Siwmpson:

Enclosed is a photostatic copy of an "Interim
Report" submitted by Dr. Leroy U. Gerdner in connection
with the asbestos dust experiments ne has been conducting
during the past three years with the assistance of your
CoIDEny.

% -‘i‘na

You wlll note Dr. Gardner's statement at the
conclusion of tne report tnat tine experiwments are not yet
couplete and that an adaitionei sum of £5,000 will be
required to finish them. Dr. Gardner, in his letter
transaitting the report, says "T sincerely trust that
the companies who nhave sponsored this worx may feel dis-
posed to help us to finish it.®

lay I have, as soon as possible,an expression Y
of your cozpany's position as regards tne continuance of
these experiments and its willingness to share in the N
expense tiiersof for an additional year? R
(W4 .
Sincerely : ~\“N::5;?}
P \
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Generd Attorney.
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The oripginal purpose of these experiments was to
reproduce in animals an advanced stage of asbestosis vhose ’
progress could be followed anatomically and in x-ray films.

There were two major objectives - one, to establish a better
correlation between the various shadows seen in x-rays and the
pathological changes in the lungs, and the other to determine

in howv far associated infection was responsivle for the severer
manifestations of the discase.

-

Upon the basis of previous experience with pure free
silica, it was thought that the reaction to inhaled asbestos
would develop most rapidly if the inhaled fibres were exceeding-
ly fine. Accordingly Canadian chrysotile was ground in a steel
ball mill until practically all of the material was reduced to
2 microns or less in maximum diameter.

Y e This ground fibre was placed in a hopper and churned
.. to liberate dust in the atmosphere of an 8x8x8 foot animal room.
It has not becn previously reported to the sponsors of the

experiments znd in fact the vriter was until recently unaware
that one volume of unground fibre was being added to every three
volumes of the very fine asbestos to facilitate agitation of the
material in the hopper. Thus there has been a limited amount of
long fibre asbestos liberated in the atmospherg hovever the
quantity is comparatively small as the paddle, moving freely 1n
the hoprer, does not fracture much of the coarse fibre. The
average concentration of fine asbestos dust inside the animal
carfes ranced about the wall of this rcom has Leen 145 million
particles zer cubic foot of air. (It shculd be noted that this
figure is 29 times that set by the U,S.Public llealth Service as

the maximal permissable concentration of asbestos ‘dust in .
industry) . , : ‘ “/

Exposed to this concentration for 8 houars a day, 6 |
days a week,were 80 ruinea pirs, 8 raboits, 20 white rats and
17 cats. CZeginning with the fifth month of the exposure, gam»le
ruinea pirs were sacrificed at intervals. The last group ‘was
killed on Sept. 25,1039, thirty months after starting the ox-
rosure. As shovm in figure 1, there is barely enough chanje in
a thin microscopic section to be visible on marnification of 2
.. or 3 diameters. Still hisher magnifications (not reproduced here)
y. reveal that the rcaction is not.fibrous in character, but more d
S the nature of a chronic inflammation. ’
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- ‘ Figures 2A and 3A show the less advanced changes after
('~' ex;osures of 12 and 20 months respectively. Figfure 2B demonstrates
for comparison the very much greater reaction obtained after a

12 montihs asbestos exposure in a previously reported experiment.

In that instance the average atriosrheric dust concentration was
only about one-third that in the rresent exreri:ent, but the

fibre was longer in that case. . : ‘

This experience seomed to demonstrate that, contrary to
the behavior of quartz, asbestos dust would not become more
irritating as the size of the particles decreased.

This conclusion could not be maintained, however, until
g it was proved that the rarticular lot of asbestos was carable of
producing fibrosis in the lungs of guinea pigs. The only way to
. be certain of tlis point was to try another inhalation experiment
as previous experience had showvn that injection tests are not
arplicable to asbestos dust as they are with quartz.

Accordingly, in the fall of 1938 another dust room was

taken over for an experiment with unground asbestos of the same
lot. After some experimentation a suitable dust, containing a
hich proportion of fairly long fibres was secured by affixing
both to the sides of the dust hopper and to the rotating paddles
a series of steel wire brushes. The sheerinrs action of the

.- Opposling sets of wires brolre the asbestos into lengths that

-4 could Le inheled. Inside the cages the averare atmosyheric
concentiration of fibres that could be expected to be inhaled
into the lungs was 37.5 million particles ver cubic foot of air.

On the same 8 hour daily schedule 100 ruinca pigs, 20
vhite mice and 6 cats werc exgosed in this room.

The guinea pirs ave been sacrificed at intervals, the
last grovp being killed on llovember 3, 1939, one yecar after
starting the exposurcs. As shovm in figure 3B there is much’
rore reaction to the long fibres than to the finely cround -
raterizl from the same lot, even thoush the concentration in-
the air was only about one-fourth as great. Iirher magnifications.

show that the lenger fibres are beginning to cause flbrosis / /
rather than the chronic inflarmation produced by the fine . "
raterial. . /.

. To lcarn morc than could be inferred from mere in-
syection of microscopic scctions a2bout the quantitics of cust
inhaled into the lunrs, reprcsentative proportions have been
subjected to chiemicnl analysis. TFor the finec material these
tests were not started until the 1Zth ronth of exposure,vhen
it came to be arpreclated that the anticipated Tibrocis was net

-« develeping. In the long fibre experiment théy were made ecrlier
oo but only a few of them vill Le reported herc as they have no
~ X basis ol comparison. In the following figures it will be noted

-
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Lo * that in neither series is the wei~ht of inhaled material
Sufficient to affect the rer cent of ash very much.

( . 1agnesivm silicate cannot, of course, be deternined
as such znd the azovnt of availavle tissue in each lung T
precluded determination of both magnesiuvm and silica. There- '
fore only the latter was done. It is to be understood trat in
the table the Si02 values are rierely an index of the relative
anounts of ‘asbvestos present in tlhie different lungs. The values
shovm by thc figures for 1 month's exrosure to long fidbre as-
bestos berin to arproxirate those for a normal puinea pig. It
will te noted that 3 or in some cases 2 animals'! lungs were _
analysed after each interval of exposure. The results for each
is piven to indicate the degree of individual variation.
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Lcng_Fibre Asbestos Short Fibre Agbestos

Péri od =

(‘ Fxposed Dré Lung Tissue Ash Dry Lung Tissue Agh
Al 9 Ash % S102 % sio02 % Ash < s102 7 s1
1 mo. 4.35 0.04 1.10 '
4.33 - 0.09 2.11
4.37 0.04 0.93 '
8 mo.  4.72 0.10 2.21
4.92 0.09 1.90
4.34 0.07 1.58
© 12 mo. 4.87 0.25  5.20 5.02 "0.51 10
' 5.02 0.20 4.09 4.58 0.6 10
1 5.16 0.31 5.99 5.16 0.54 10
15 mo. "~ 5.00 0,49 9
. ' C 476 0.43 . 9
o = 4.95 0.53 10
20 mo. - 5.86 0.85 14
6.34 0.90 14
24 mos L 5.42 0.78 14
’ ' 5.50 0.78 " 14
30 mo. : . - - 5.35 . 0.9  * 17
' .55 ... 1.27 .19
: 7
i
.7 -
“.
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The above flgures prove that with both long and short

fibre dusts significant quantitles are entering the lungs. The

comparisons at the 12 monthinterval indicate that more short

fibre enters the lung than long. This of courso would be e€x-
pected in view of the more ready penetration of the fine dust ~
and the fact that its average concentration in the air was four
tires as great. ’

to this
lungs.

1.

The proof now seems conclusive that grinding asbestos
degree of fineness destroys its capacity to irritate the

It has been shovn that lohg fibre asbestos will produce
significant changes in guinea pigs lungs within a period
of one year.

It has been shovn that on grinding same of the same lot o -
asbestos 1t 1s no lcnger capable of causing the same
effect in 30 months. )

It has been proved by chemical analysics that the failure
to react is not due to failure of the fine material to
penetrate into the lungs.

It has becen shovn that about one-fourth the atmosrheric
concentration of long asbestos fibres has much greater
effect upon the lungs than a concentration 145 million
per cubic foot of exceedingly fineparticlcs.

This evidence strongly sugpests that the irritation

‘from asbestos is not chemical but mechanical in nature. Attempts tc
"prove this hypothesis have taken various directions.

It has been shovn in o series of injection experiments

that no fibrosis results vihien asbcstos is injected into other -

organs of the body than the lungs. Chenically active quartz,
hoviever, cauwses fibrosis wherever it cories in contact vith..

connective ticsue cells. . -

e t% .

It has been shovn trhat, in animals, asbestosis docs not/

procress after cessation of exrosure. She reverse is true in the
case of cihemically active quartz. The smooth covering depofited
uron the surface of an asbestos {ibre that forms the asbestosis
body after two months contact with the tissues would tend to
minimize mechanical injury. ’

It seemed probable that the lun-s ratier than the olher

I organs should be mechanically injured by asbestos because the
RN lung;s move rapidly and constantly. To test this theory the lungs
of four do;;s werc injected with a heavy suspension of long fibre

ashestos. LBy means of a tube in the wind yire, raterial was care-

fully introduced in both lungs. Then one lung was collapsed by
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~cauterizip& the inside of 1ts atem bronchus with silver nitrate
& that™=*'no longer moved in respiration. Thus we had vhat
was thourht to be effective doses of asbestos in either lung

(’ but only one would move to produce the mechanical injury and
: resultant fibrosis.

The animals survived their treatinent with no arparent
111 effect. A month ago two of the dogs vere killed on the
first. anniversary of their injection. 1In each case one lung
was well collapsed and there were asbestos fibres on each side.
Hovever, there was nelther fibrosis nor asbestosis bodies in
elther lung of both animals. Apparently we vere misled by a
report In the literature that dogs were susceptible to the action
of asbestos. The result was disappointing but the method of
attack seems reasonable if it can be applied in guinea pirs.
Vle are now trying to overcome the technical difficulties in-
volved in working with such a small animal.

The matter of specles susceptibility 1s a puzzling -
feature vhich neced not be discussed here. lone of the rats,
rabbits or cats exposed to the short fibre asbestos have re-
acted. 1The 6 cats, now exposed to long fibre dust for 13
months, are being kert in the dust room until their exposure
rcaches tvwo years before comparative x-ray and anatonic studles

are becun. The puineca pigf continues to be a reliable animal.
with vhich to expcrinent. . .

\Mmile the ‘experiments have demonstrated that it 1s
not rossible to accelerate the rate of reactlon in the body,
and the anticipated results have not been rcalized, it is felt
that the effort has been cxtremely profitable. As pointed out
in a previous report to the sponsors, they have shown the
innocuousness of finely ground asbestos, wvhich is of real
practical sicnificance. They probably explain the lack of
asbestosls in the mills at Thetford. They may help to define
the hazard in other plants vhere very finely ground material :
rather than {ibres constitute the major element in the dust. - pYel
They serve as a guide to engineers who must control the hazard y*v,f
in plants,indicating that their efforts must be directed parti- 4ﬁ>f

£
~ N
s

cularly toward the fibrous materlial in the air. . -] ..

In view of the probability of fulfilling the original/ /
purpose of these experiments, it 4s hoped that the sponsors

may agree to renew their appropriation for another jyear. For /
tiiec rast 12 months the Laboratory has assumed the oblization of
operating a second dust room for the asbedosis work. The ex-
pense is sorewhat over 55000. In addition it has carried dn
various collateral injection experiments, such as those upon

the dors and others not mentloned in this report. It has

secured an arpropriation for an inhalation experiment upon the

-~
.
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the effect of glass wcol, which may prove a uvseful control

( s to the mechanical theory of the action of asbestos. It is
VT hoped that you may find these accomplishrments sufficiently

valuable to be willing to continue the worke. )

FPespectfully submitted,

Leroy U. Gardner, li.D.

’
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