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Dear lir, Browns

' I am enclosing herewith a summary of
our experiments on asbestosis., As the results differ
. materially from those obtained i{in the previous
experiment 1 am appending some comparative photogresphs,
In case you wislh to make sevsral copies of the raport
for the varlous cuntributors, I am sending along
dupliocate prints for this purpose.

Trusting that you may not bde too dis-
appointed by the nogative character of the results, I
am, with very best regards

Sinderely yours,

h

(s} Leroy U. Cardner, 4.D.
LUg:cC : Dirsctor
Enelosures




Sacond Proprens Henort on Txrerimental Asbestosis

by the Sarnnac Laboratory, Anril 18, 1938

The inhalation experiment with asbeatos dust has now |

progressed surflolently to permit a more detailed dlscussior,
The conditlions defining this expariment ars driefly aumnarizedl
by the followling data: .

~ The Dust - s predominantly f£ibrous asbestos {chryasotile)
with some serpentine, doloaite, oﬁromite end magnetite, As received
from the plant much of it was too'ooarse to be inhaled, It waa
therefore reground in a case-hardened steel ball mill until the maxe
imuz partiocls oize was 3 miorons and a great aasjority of the fibres
wers 1 microd or lesa in dleoxmeter. This roground material wasa too ex-
penaive to ueo in the ordinary 8x6x8 foot dusting ochambers and it
wes 30 fins that it paokedwin tho dusting hoppers. Thorefore a

limited smount of unground material was added to it to set up a

- dust oloud,

e

Dust Counts are made with & Greemburg-Smith izpinger
appﬁratua from tino to tims. Tho average oonoontrations.mginﬁéined
ingides the animal cages daily, 6 dayo a week™ are indiceted by the
follow- |

*As the animals spent their entire lives in the dusting rocm they
worae subjscted %o a considorebls but unmeasured concentration of
duat during the remaining 24 hours of each day. TUnough dust adhored
to their bedding so that at night they were oxposed to concentrations
of the order of 2 million or loss particles per cubloc foot.
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{ng figures: , _ e
Particles more than 10 microns 845,000 per cublec foot of alr{light fla
Particles less than 10 microns 86,100,000 per " L " »
471,300,000 " v n = (dark £leld
The last risuro, obtained by counting the particles under dark
£1e14 illunination, indicates that thprs were an excess of fines, In moat
dusta tho ratio of dark to light field counts is 2 or 3 to 1l; here it is
over 5 to 1. |

Size Trequency Counts

Partiocles less than 3 niocroans 79.4%
Partiocles 2 to § miorons 15.0
Particles 5 to 10 miorons J.4
Paitioloa zors than 10_913;053 2.0

Again the great prepondéranco of snall particles is indicated.

The first report z=eds on lay 5, 1937 polnted out that ths
inhelation of high concentrations of very finely sround aabestos dust
hed’ not produced any significant changss in the lungs of suinea pigs,
rabbits, white rats or cats during a poericd of 3 moanths, -

On Uarch 22, 1938 the dust exposures of these enimals had
been continued for a period of cne year,., Representatives of each apeciocs
were killed and thelir lung tlssues were axcmined microacopioaliy for

ovidences of asbestcsis. The lung tissues of tie guinee pigs were also

subjectod to chemical analysis, The results have beon somowhat surprising.
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'8 Guinca Pigs - failed to show enohgn evidence of reasction
to the dust to be dotected on gross examination of their lungs, '
Even in thin miorosooplc ssctions the changes wers tdo slight to
be visualized without magnificetion {seo figure 1), When so
observed it was found that only tho‘very earliest stage§ of
asbestosis hed developed (figure 2). No fibrosis had appeared; the
reaction was very largely one of the dust cells which had surrounded
end walled off myrisds inheled fibres and particles of dust,
Asbestosis bodies, wiich customarily form about asbestos fibrss in
the lungs of guinoa pigs and human beings hed developed bdut mowt
of them wero extremely gsnall, as would be expected in dealing with
such fine dust, A moderate nunbor, presumably from the unground
dust wors muoch longer and often extTavellular.

The lungs of threa of these gulnes pigs were anelysed
chemically for their total mineral and silica conteat. The results
obtained are indicated as follown: '

Dry Tissue Ash - T
No. % Ash % S409 % S10»
8 5,02 0.51 10,23
11 4,58 0.46 10,08
12 5.18 0,34 10.54
Nornal ' '
Controls 5,61 0.10 1.8§
3103 controls 12.02 5,28 43,88

These filguras indicato that the total meight of inorgenioe
material in the lungs is not inorensed even though the sections
reveal groat numbers of fine particles within tho dust cells. This
gould hes oxplained on the dasis of the very small size of the




~ particles whose combined welght is negligible ., That thare.aréz
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appraciable quantitics of silica-containing foreign bodiéufia
shown in the other oclﬁmha; the dried'lung tissue contains 4 or';,

9 timss the normal amount of silica ard in the ash the silica
content is nearly 10 timss the normal amount, When compared with

the average rigures for a group of animels expossed to pure quartz
for one year it will ba noted that t&e total amount of ash and the
percontago of silica in tlo anbestos series is relatively low.

" 'The results of these chemical enalyses seem to indioato that
'asbestos duat, even when very finoly divided ia not as roadily

inhaled as a particulate dust lika qnartz.
"8 Rabbits = Antopaied arftor one yaar of exposure show
alightly more ¢ellular raaution 1n thoe lungs tnnn tho 5uinea pigaa'
The changss were visidle cn groas czamination of thin mioroscopia |
sections but not on inapeotion of'tae lunss as they wers ramovad
rrom the bcdy. .
o uioroaoopic exanination of the scotions discloaed con-
aiderablo aceuaulatlona ef phagocyt.o cells about tha inhaled dust.

The fibres were unchanged and no esbestaslis dodios had devalonsd, .

Thers was no evidence of fibroasis. A sinallar Tsult wes obtained
in a previous experiment on r&bbita. |

3 "hite Nata revealod ohanges couzjarabls to those in the

rabbits wdthout the formation of anbestosis t9iles, 1In two other
animals killed on tae 8th month thsechanges ware sizmilar in
ahnracﬁ;r but less intsnse. Jive othsr rats have died of inter-
ourrent chronlc pulrmonery inreotiona; Thoy wers dlscarded es tteir

lungs showed littls or no inhaled dust, Tho findings in this spacloes
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gonfira those obtalned in a former experiment, ' '

8 Cats dled of infactions within the first 3 or 4 months, —
Their lungs revealed little or no duat or resaction to {t. One ca$ .
was killed after one ysar's exposura, Grossly there was no
evidence of dust rsaction. uioroboopic sections showed numerous
soattered phagooytes contalning minute particles of aadestos, N§.
long fibres or esbsastosis bodles could ds found.

The injection axperiments with 1 to 3 mioron particles of the

varioua fibrous silicates and aserpentine mentioned in the previcus
report have—unirormly failed to produce soar tissue either in
rabbits or in guinea pigs. Anthophyllite, orocidolite, s0da
tremollite and serpentine have now been obsorved for ons year,
Amngite and amphidoles for 8 months, Tha &ifficultiea attondant upon
intravenous injeotion of chrysotilso .have not béen.ovaroome but the
attempt has not been abandoned, 4All of these minerals are without
effe0t upon the extrapulmonary tlssues and ncne have produced
asbestosls bodles, ' |

Commonts - At first sight tho negative character of theae
inhalation results might seen digcouraging for the original obJeotiv;B
are apparently not being attained, Inatead of producing pulmonary
asbastosis at a rapid rats the reaction ia relatively insignificant. -
A wﬁole year's exposure to a comparatively high concentration of
excocedingly fine dust has not produéed enough chango to ba visidls
vithouc high magnification of ﬁicroacapic seotiona.

The rsoults are not only surprising but they challengs
oxplanation, ‘'then they are cozparcd with the findiags of a provious

inhalation experiment on cuinea 3138 they auggost that the original
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hypotheses aoceﬁted in planning the present experiment wors
erronsous, The vory fine dust employed for this test has oauaéd
much less reaction then the coarser material used in the firat
one, This result was obtained 1n spito of the facts that the
amount of fidrous matorial in tho new dust was 3 or mors times

as great as that in the old, and that the atmospheric concentrations
maintained were perhaps 10 or 15 times as great,

The factor of partiocls size i3 apparently the cne
responsidle for the difference in results, NXost of the asbaestos

fidrea in the lungs of the new experiment animals are smsll enough
to be entirely oontained within the body of a dust cell, Soms,
originating from the unground material placed in the dust hopper
to facilitate goneration of dust g;q_lbnger. The short intrae
sellular fidres are troated by tho lung more or less like parti-‘
culate d}mt. Instead of being concentrated about the terminal |
bronchioles as in the case with longer ribrpe. they are scattera& ’
widely throughout the air spaces, Few establish contact with the
pulmonary'rramawork as they are'proteoted by tﬁc Yodies of the
dust cells which aurround them, If their action be chemiocal, not
enough are oonoentratgd'in any perticular focus to expect apprec-
iable reaction. What 1ittle effect there has been might readily
be due to the limited number of long ribreaf It i3 unfortunate .
that any unground fidbro was adde@ for othorwise it might have baen
possidle to state with certainty that the short fragments caused no
fidrosin.

| If these early results ars substantliated on zubsequeat
obsarvation of the animals exposed for longer periocda, 1%t 18
bellaved tha the chemlcal hypotheals of the action of asbestos
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will have %o be abandoned, In 1ts place it will be propoﬁed that
 asbectos £ibres act as mechanical {rritants. Already there is
conaiderable evidence to support such a hypothesis, The partioculate
aerﬁentina which has the sane choemical composition as the fibrous
chrysotile has bYeen proved to be incapable of producing a fibrosis
in organs other than the lungs., "hen ohrysotile 4s ground so
finely that it approximntes sorpentine in physiéal state 1t loses
its capacity to causs fidrosis, If its action were chsmical in
nature it should become more ectivs as thé particle size deorecses
for under such ocircumstances rslatively mors purfasce should de -
presented to the cells and fluids of the body, <Quartz, ;man .
acticn has been proved to de physico-chenical, bohaves quite _
differently., The smaller the particlea of frae S10g, the more i
vigorous ung rapid the reaction tﬁgf—ﬁromota. Thelr offects are
not restricted to the lungas of certain specles but can be elicited
in any organ of any animal, bird.or fish, In the case of aasbestos,
6n the other hand, irritating properties are only menifested in
the lungs, and then only in the lungs of certeln spsecies of animala

The amallest fibres, which should theorotically be most autive are
apparently izert whils only the longer onead gec¢m to ccuse fibrosis,
It i3 inforred therefors that thelr action 1s mechanical end that

the long stif?f fidres ars irritating only in the lung becausa this
orgen is in active motion during respiraticn. In sluggishly =oving
organs like the liver, spleen and suboutencous tissue the factor
of notilicy i3 nirninized,

The meat seriousa objaction to discardiag the chemical
hypothesis at the proeent tize is the imperfoctly kmown relationship

betweon the asbestosis body end tha dovelopment of fibrosis, Thae



8w

asbestosis body must form as the result of chemical reaction.

The question which romains unanswored is whether suolh chemical
reaction is also responsible for the devolopment of scar tissue.
Some observers are of the opinion that the formation of the bodies

is a protective mschanism by which the tisrues attempt to coat the
irritating asbestos fidre with a smooth non-irritating membrane. .
Our own experiments and thoso of others have demonntrafad that
asbegtoaiu bodies recovered from human lungs by chemical 4igestion,
will notlproduce £ibrosis in the subcufaneous tissues of guinea
pigs. Their action mnst also be tested in the luncs before a
fing)l answer to this question con ba.siven; The evidancéinow
available sucgest that the reaction responsible for the formation
of tho bodies is not the one producing fidrosis. |

But on the other hand, it-is known that asbectosis body
fornation occurs only in tiséﬁes vinich do develop fidrosis in
rosponsae to local accustiulations of asbestos fibres, Thus far only
the lungs of guinea pigs, dogs and human beings have responded to

the inhalation of asb estos dust by the forzmation of scar tissue
and asbestosls bodies. Injection of asbestos Iinto other organa

s

of guinea plgs produces only ccoasionel bodlea end little or no
£ibrosis. The asbestos corns of the skin in humen beings do not
contain tte bodieas. The lungs of species like the rabbit, white
rat and cat have shown nelther asbestosis bodles nor fidrosis, In
their case it will have to be determined whether the lacik of ro-
action is Queto mors effactive upper respiratory protection

which precludes the inhalation of offective quantities of asbestos
£idres or wvhether it is due to ohsmical faoctors peculliar to thess

species which provent reaction with asbestos.
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- The posnidbilities are under inveastigation and 12 decisive results
oan be obtainod ths validity of one or the. other hypothesis should —
be estadlished,

Simificonce - vhils thalinhnlation experizents havo falled
to produse pulmonary fibroals at tho rapid rote antiocipated tiey
are nevertheloss instructive, Verification of <he proposed maoh?nicnl
hypothosis and the establislment of a relatiomship betwaen the |
longth of fidre ond the irritating propertliss of asbestos mould
oxplain the hitherto mysterious distridution of asbostosis in
varioun dopurtmsn;a of this industry., In the Thotford mills there
goems to bde little or no disease in spite of lheavy atmospheriﬁ oon-'
gontrations of dust, liere the fibrous olementa of the dust are
largely vory short and honce perheps not irritating. In the English
plants it has bevn atated that the process of "matirecs beating"

is productive of tha greutest cmocunt of esbostosls, This procaess

ocould roedily breek msnyfibres longitudinally, liderating a Qust
rich in fragments short enocugh to be inhaled but long enough t5 be

irritating. In the /merican factories tho semount of disease has .
not always par=lleled the atmospheric concentration of dust. Llors )
casos havo developed after expogsures to the "opening” méohinaa ttan
elspwhere. Since openirg is o crushing operstiocn it might produce
tho most effectiveo lenght of Lidbra,. |

I¢.theso theoretical considerationa omm Ye substantiétad,
thoy should be of velus in plenning a progrem of prevention. -
Special prscautions would then be inastituted In departrsnts whers
fidrous types of dust are generated., In processircg milla declirg
largely with the extromely fine esbestos powders euployed for
insulation only sufficient exhaust to conform to escopted standards

0f good housekeening would de adequate. Until the hygienic signi-

"
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floance of ribko 1en5£h has been establiéhed all asbeston dust
unat still ve oonaid;rad hazardous, . AT

Summary - An inhelation experiment upon cuinoe pigs,
=udbits, wviiite rats and catso using high concentrations of asbestos
fidre ound so finoly that most of tha partiocles are undsr 1
sdoron in maxirnm diemster has fallod to produce evidence of
avdestoais in one yearta time. The ancunt and sevarity of the
seaction 18 not nearly as great as that produced in a provious
azgeriment by the inhalation of 1/10 to 1/15 this oongcentration
3L agbestos duat{ The only other apprecinble difference in the

730 experiments is the particle size of tho dust, Those oboervations -

wagetler with those from collatoral injection exjperiments suggest
*2at the injury from asbestos nay be msohanicel in naturo and

Tsoduged only by fibrea which exceed an unknown minimun lengthe.
-~ %his ultimately proves to be the cass {t may ex;lain the
71221ing absence of asbestosis in certaln very dusty parta of the
=dustry, It may also dirsct attention to the pointa whero dust
‘allaction is most iizportent in pruventins the devolonment of
iMhestosis, Coe : . e
To answor tho questions that have now Yo2n raised it 1is

Jgnned to continue the inhalation of the fine dust for amother

“} jears and to porform certain othor injestion experimnnts,

Y s9produce the pathological picturs of gansraliczed asbcatoéis-
"»%hor inhalation experizont with a dust coapos:d of longer fibre

‘11 be started within the near futurs,



