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2. ~Introcducticn S T ST T
istestosis is 2 “owia of pnewmocornicsis resulting from prolonged irthala-

tion of asbestcs dust. Ths name asbestos, literslly "mburnsbdle.™ 1s not

that of & particvler mineral bub is 2 term 2pplied to a number of different
wminerals wmose craracteristic feature is a structure composed of long, par-—
allel, flexible fibera. This structure is uniqus bacaise the fibers are
capable of repsgied }ongj.t1ldinal smbdivisien to uniss of molscular pro_pm'ticn::-
In length the {ivers varv from a few microns to six or more inches. Soms
varieties are stiffer then others but many are sufficientlsy flexible t2 be

spn into yarn and woven on modified textilz machinery.

2. Asbestos Kinerals

The asbestos minerals are silicates of variable composition and belong to
the sarpentine and the amphibole groups. Listed below are the more common
varieties.

Amphibole Group

Anthophyliite {kg, Fe) silicate

Ampaite (Mg, Fe. Al} silicate

Ampnibole | (Ca, ¥g, Fe, A1, Na, K) silicete
Tremolite {Ca, ¥g) silicsate

idctirclite (Ca, ¥g, Fe) silicate
Crocidolite (N2, Fe) gilicste « Fe silicate

Serpantine Group

Chrvuotile ¥g silicate (hydrcus;



&

Tpe bulik of the zzsesiss ol cormorss is chryesiile, 3AC.28202.015C,
w7hiszh £s mined in the Zaesford regidn cf the Frovince of Qaebec. Croacide-
lite and amosgite are sise ussé commerciaiiy bui in rmch spaller amdunis.
Chrysotile occurs as veins in gerpentine. 2z winerzl similas in chenmicai com-
position to cm;y\so’:.il_x-} ik which exists in mzesive form and is made-wo o |
microscopic fibers witiout the parallel oriertsation cheracteristic of chrysc—
tile. The massive blue black serpeatine, whizh is snootk and zoapy to the
touch, is traversed by veins of firous chrysotile varying in width from a
barely perceptible line to six or more inches. The fibers rm across ths vein
and not lengthwise with the formation.

Attention is directad to ithe minerszl drucite, ¥g0.HAo0, which is often
found in the same formations with serpemtine and chrysoetilz and may be fibrcus
In structure. It has ro commercial valme at presani because its fibers zre not
sufficiently flexible to be used in textiles bul they are capable of repeaied
lonzitudinal subdivisicn. Unlike other asbestiform rminerals. brucite is not a
silicate and for this reason it has been a valusble tool in an experimental

evaluation of the action of fibrous ninerals upon lung tisasue.

N

IV_ EXPERIMENTAL ASBESTOSIS .

For many years studies have deen carried ou -.by the Saranac Laboratory in an
investigation of the cause, nature and development of ashestosis. The present reo-
port is devoted to Experimentzl Asbestosis., In it are deseribed the animal ex—
perirments with varicus kinds of asbestos dust. Ancther report, to be prepared
and issued later, vill te concerncé with Humern: ASDES3TOSiH and Wil coves Vui Dedll.:
aspects of workers who have been exposed to asbestos dust in an industrial

envirooment .



Llthough csgbestosie in @en is 2 chromdc &isagze wioh requilces rears to

cevelop, it is possible to raproducae in one or moare so2ciss ¢ 3aimal charzcber-—

istic tissue changee which are similar to the lesicas of tumen agdestesiz.  Siace

the life-span of the exverimentzl zmimal is relaiively swcrb, 1% 15 not vossible

.

to~develop the characteristic lesions in snimels urdsr the usual -SASwsirial-—eon--
ditions. Consequeatly, to obtain a complsté eveiwction el ik tissue response
to inhaled particuiate and fibrous materizl, it is necscsary to accelsmrate the
reaction by employing hizher concentrations of dast than wouls ordinarily be en-
countered in indusiry. %hile conditions of exposurs 2re thus different, the
information yielded by sxperiments with a2nimals is invaluzodle in furnishing a
batter unde:rsté.nding of the reaction of the human c:rg;nis:n ‘o irhaled asbestos

dust .

5. Experimental Methods

For investigating thke biological reaction of the exporircental anim2l to the
warious asbestos minaerals, two types of techriqus have been employed, namely, the
inhalation method and the injection method. In inhaletion experiments, growps
ofa:ﬁma]s-uptom“mreguinsapigsandsmetimesmn.ernimbersor
rebbita, cats, dogs, rats or mice -~ are kept for eight howrs a day in a cubicsl
dust z;oom, eight feet in dimension, in which a clowd o zvbestos dust is meintsinsd.
At intervals during the experiment, s few animels are sacrificed apd the tissue
examined to determine the neture and extent of tha dust rzaction. Some animals
are cxposed for periods up to threa years. The injsciion sxperiments. ia which
the dust, either dry or suspended in fluid, is introduced into the animal by the
intravencus, intraperitoneal or intratracheal procedure. are used to determine
vhether or not a particular dust has a potential capacity to produca tissue

r=aciion.




. Long~term innzaiation ei:periments furnisi AnZcrmation wupon srhich: great rel---
ance 18 placed when estimating the degree to wiich a dusi might be hazardous ic
industrial workers. FWhether cr not atmospheric cust, evem though potentially
darL.,erous, can te inhaled, pass the natural defease barriers and reach the il
monary‘ tlssue in qx.mtitn.es eufhcient to c=use danzge ca.n be éegé?mm;o;_:}r ay
inhalation procedures. Injection experiments are useful beczuse in them contact
between the dust particles and tissues is assured and the potentisl cepacity
tbhe dust to produce reaction can be estimated accurately. When dealing with fi-
brous mirerals like esbestos, the intratrachezl methed is wlraluable since it per-

mits cbserving the effect of the fibkers on puimonzry tissuae.

6. Species Susceptibility

Unlike free silica, asbesatos does not exert its specific effect in all orgens

' of all species of snimal (Tsble 1). Injection of fime qusrtz into various organs
of the gulbesa pig, rabbit, raf:::c::' dog, chicken and even tadpole will producz
8llicotic nodules. However, gimilar injections of long or short fiber asbestcs
have resulted in a fibrous reacticn in the lung snd, to a lesser extent, in ths

paritoneun but mot in other orgausof the mrﬁmaftu.iwhh .
m.’&.&.‘»—&u)‘m“..m -..3“ 4 . . cenietibe *"-‘

7. Peculiar Characteristics of Asbestos ‘J" © e aceounkad for.

Experience has damonstrated that most of the particulate matter imhaled into
the Iungs of man and gnimal is 10 microns or iess in maximm diamater. Larger
particles apparently are excluded by the protective mechenism of the uppar respir-
atory tract. In the case of fibrous materials, however, this restriciion does not
apply and fibers 100 and even 200 microms in length have been found 'in the termin-
&l air gpaces of human lungs. In small laboratory snimals exposed 1o asbestos
dust the maximum length of fiber found in the lung rarely exceeds €0 microns.

Yot every kind of fibrous waterial is inhaled with equal readiness; for example,



the symthetic fiters o goaly vo0l wparent’sr 2oe ooc iniisxible ta Tass easils
through the mose, pharynz, iracrez axd oronchi and seldenm reach Lhe terminal
bronchioles and alvenii. i

Inhzled particulate mebter comey t5 rest thro:ghcut the Terminal zir spaces
(alveolar duct, atriz,-alveoli) in a1l wzrts »f the lungny inhaleFesdgetes—fiber
ara first reiained in ths respirestory bronchicies. These '.re‘ry g:23ll tubes are
imediately distal to bronchioles lined bty cizia%ed epitheliuwm. Thelir ovm essen-
tial liming 1s a low cubsidzl iype of apithelinm Lul. ag their name iwplies, they
actually function in respiration through latsral slveoll gilvea off ax pouches
along their walls. Either these pouchesa, or ths zOript change in the character
of the lining epithelium, or the decrease in ciameter of the tuby, or perhaps the
combination of all three factors is responsible for loccl retention of the inhaled
fiber. Only after asbestosis 13 well establishes are a.pp:éci&blc numbers of f3-

bers carried into the more peripheral sir sgpaces.

8. Rate of Tissue Reaction to isbestos Fibers

The rate of tiasue reaction to ashbestos is mich pore rapid thsn to an active
dust like quartz. Bvidaences of tissue response arpear as soon &8 fibers have
localized.in sufficient concentration in spscific sreas. In rats receiving asbes-—
tos fibers by intratrachesl injection this svidence ig visible 6 early as two
weeks after injection; for gquartz dust the latent pariod might be two menlas or
moTe.

The behsvior of the tissue reaction to inhaled Gust after the terminstion of
exposure ls not the same in 31licosiz as in asbestcsis. n silicosisz, the young
nodules become larger; in asbestosis, young scar tissue,Lhat may have formed,con-
tracts and becomes more dense but the area of involvement cecreases in size. If

exposure to msbestos dust iz terminated afterr & brief period, the recently—inhaled

PRou



fibers in the lung mav cause the fibrous tissua rasponse to concinue jor a
short time, vatil the fibers have been coated. This progression is of only a

slight degree and of littie significanca.

9. Aasbestosis Bodies e

T ey em e -

The peruliar siructure knovn as the asbestosis body or curious body is a
specific concomitant of asbastosis. The typlcal bedy is 2 gelden~yellow, beaded
or haustrated rod which may be eithesr straight or curved. Uften one or both ends
are bulbous like & dumb-bell. The bodies vary considerably in length, and di-
mensions up to 250 microns have besn recorded.

It is beligved that asbestosis bodies are due to a doposit of protein and
iron pigment upon the surface of inhaled fibers. In guinea pigs they form after
about 80 days of contact with the tissue. They are sbundant in man and the guinea
pig (see Table 1) but are much larger in the former, probably because the larger-
gized gir tubes admit fibers of greater dimension. In cats, rabbits and mice thare
is an a{.ypical coating of a few of the fibers after much longer residence in the
Iungs. In rats snd dogs no bodies could ba discovered. Although the ovidence is

incomplete, it appears that the formation of the asbestosls body prevents damage

to the tissus by the fiber. DR \;Mb\ g}o,v(é{‘; Yues e r:ﬂ»owbg’ "ﬂ'?,(\
WL M@ OWew v equawyT "‘(J/\
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X.  TMHALATION EXPERIMENTS

7l

/ﬁ Fourr comprehensive inhalation experiments have been conducted at the Saranac
‘ laboratory with various forms of asbestos dust. In each of thesa investigations

more than 160 snimals ware used and fhe experiments were carried on far periods
ranging from 2 to more than S years. The fouwr kinds of asbastos dust employed
are identified as King's floats, short fiber, 100 per cepnt ball-milled, and

long-{iber ssbeslos dust.
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The first irhalation experiment conducted zt the Saranac Leboratory with
asbestos dust was begun in 1928. Apimals inhaled the dust for periods up to
nearly three yesrs and some guinea pigszs lived for about four years after their
£irst exposure to dust. Tk preliminary repart giving observations after 25
months of exposure appesred in the rfebruary, 21 issug of THE JOURKNAL OF INDU-
STRIAT HYGIENE.¥ &t thet tims cbservations covered a pericd of only 2-1/h4 years
and the conclusions as to the ultimate sffects of inhaled aabestos dust were
provisional. Results of the completed study showr that most of the conclusions
drarn in the preliminary report were substantiated. A complete review of this

experinent follows.

12. The dusting material was a commercial variely of asbestos dust known

as King's floats and was composed of short f{ibers and particles of

wvariable size. It was obt

ed from the Thetford, Quebec plant of the Asbestos -

13. The dust composition (Table 2) reveals that the smount of fibrous chryso-

C i -
_arporation of America

tile was only 1k per cent, & rather low valus. However, there was suf-

ficient MNibrous material to produce a characteristic fibrosis.

1. The dust concentration &t first wes guita low z2nd for impinger samples

taken soon after the experiment was gtarted, the average light field
count: by the standard technique waa only 6.0 million particles per cubic focot of

air. An appreciable number of large particles (or fibers) also were present, as

%#STUDIES ON EXPERIMENTAL PHEUMOCONIOSIS. VI. Inhalation of Asbestos Dust., Gardner,
L.U., and Cummings, D.E. J. Ind. Hyg., 13: 6581, 97-11ik, 1931.



ghown by an average comibt of G.3 rilijsc for particies qysater tras 20 microns.
After the inhalation experiment had bgen undsr wsy {for abcut Two vears, the spsed
of the rotating paddle in tne dusting rachine was incresscod ang for the remedn-
ing 9 or 10 months of tha experiment ccnsiderably sore dust was dispersed into
the-atmospherc. Average dust counts for impipger samples "ébllec‘téﬁ:‘—ﬁ“uei‘"tﬁﬁ"‘
change were 53.7 million for thz ususl light-fielid met thed, and 1.8 willion for

particles larger than 10 pdcrons.

15, Reaction in Animels to Inhaled "King's rloats®™ fisbestos Dusi. Results

of the investigation, briefly swumerized iam Table 2, 'show that inhala-
tion of King's floata ssbestos dust produced a typical peribrorchiolar fitrosis

in guinea pigs but not in rabbits or rats.

15. Guinea Pigs. Saven groups of guinea pigs were used. In three groups
. the effect of a continmous and of an interrupted dust
exposure was studieds in two other groups the rezlationship between infection and

dust exposure was investigated. The rsmaining two groups were infection comtrols.

17. Rate and Type of Reaction. Culnea pigs inhaling this dust for perlods

up to 33 months duveloped a characteristic

fibrosis occurring in conical patches sbout the respiratory bronchioles. During /’:
this exposure the peripharal alveoli were not involved. The particulate elementa&
in the dust were transported to the lymphatic system vhere thay caused po signi- .
ficant reaction; the fibrous elements remalned fixed =zt the site of original
localization and were seldom datected in the lymhioid tissue. Fleurisy and fi-
brosis in the septa were obgserved only when infection complicated the process.

After exposure of approximately a year, a se=2il aount of vellular reaction
had been produced about many respiratory bronchiocles. As more dust was inhaled,

it continued to accumlate in the same location and isler stagses of the disease



consisted of emiensions cf ths origingi lesions. Haw oreas were not lovolved.
Aprarently, the inhaled fibers were caught in ths pocket~lilce alwealsd thas
are given off from the lztersl walls ol the respiratory bronchiolas. There they
were thagocriized and mary of them were carried into the well by migrziory celils.
“Bromaciear lencocyies ettracted to the area caused an S¥preciable TRiSFenTng of
the trenchial wall. After 16 months a deli;:ate fSYrosis made its spresrance.
The process ewvolved &a gradually that mitotic division of fitroblastz could
rarely be discovared; nevertheless, the number of fine intercellvlar cellagenoas
fivers (fibrosis) stesdily increased. 4s this fibrosis contracted, it partially
closed the alveoli, and with this atelectasis the linine epithelium assumed its
embryonic cuboidel form. The result was the adenoma~like appearance that ¥llis
described in guwinea pigs inhaling silicon carbide. The longer e.x;sosﬁes resulted
only in more thickening of the walls of the air spaces, largely due to sa in-
crease in the amount of fibrosis. Tne fibrous tissve elways remaived cellular

and never showed the hyalinization characteristic of silicosis.

18. Progression. The reaction produced in exposed guinea pigs did aot pro-
gress sigrd.ricantlyd:mng a subsequent perlod of 37
months when the animala lived n_n a normal atmosphere. Between 8§ and 11 wonths
after exposure ceased, the cellular reaction had been coopletely replaced by
thin strands of fibrous tiasue. Observed atill longer, the scar tissue decreased
in zmount but in the last animal sacrificed, 37 months after discontinwing dust

exposure, some fibrosis was still visible.,.

19. Infection coincident with pust-Inhalsetion. OFf the group of 4O guinea

pigs infected with atten-
uated tubercle bacilli (R} strain} 31 died or were sacrificed before iwo years

af dust exposure and were reporied in the paper oy Gardner and Cummings mentioned



above. Saventecsn of thzsz dizd from iatercurrent pneumoniz. Brieflr, the re-
3

0l

sults were as follows: 10 revealed scme evidence of spread of the tuberculous
process; in 6 of these it was confined to tha lungs and in the o}.her L the
abdominal visesra also were isvolved. Usuzally s slight locsl extension of the
tuberculous infaction-hod cccuwrred put subssquent nezlimg hed-Téstted-in-fi=
brosis of both thz pulmonary lesions and the secondary lesions in other organs.
The healed pulmonary lesions showed more fibrosis than is characteristic of
either tvberculosins or asbestosis aloxne.

The § animals which were still alive after two years of dust exposure were
sacrificed at intervals during the following year. In L of them the primary foci
of infection had healed with fibrosis and even calcification and there was no
evidence of progression. In the other S the tuberculous foci shmrexi evidence of
having previously spread locally: im L of them it had hesled, by the time of
autopsy, with excessive fibrosis; in the other animal there was & generalized
chropnic tuberculous pneumonia in one lobe and isolated priwmary tubsrcles, which
veore still active but had not spread, in the other lobes.

Evidence of extension of the infection was first seen sfter 7 months of dust
inhalstion; during the next 20 months more then half of the animals showed an
actively spreading tuberculosis and in 3 of them 8mall cavities had developed.
Daing the last 8 nonths po arimals exhibited any evidence of active infection
‘although in half of them the healed fibrous scars of previous extensions were ob-
vious. Sixty per cent of the guinea pigs with spreading pulmonary tuberculosis

showed tuberculosis of the spleen and liver.

20. Infection Superimposed .Jpon an Establishod ssbestosis. Twelve guinea

pigs, sfter in-~
baling asbestos dust for nearly 26 months, were infected with tubercle bacilli and

then removed to normal air. The subpleural tubercles in the dusted aniwmals were

11—



no nors numerous than in non~dusied coutrsls. bt a considerable nuTier were

found in the depths oi the lung goout foel ol asbestosis. The ceacilion Lo infec-

tion showed only slight local extension about the origiral sites iz the lungs

and tracheobroachisl Iymph nodes. The abdominal viscers w52 inwolved in only

ofic animal. Caseatioii was foura in Suberclezs 1-1/2 months old but By 5172
A - o S~ aik -~

popths it had complaheldr- Afsnspemred. Trgvivs ooy goor Lisow e Shbier sutid

persisted in the last animel, which wves idlled 1l wonths atter infection.

21. Asbestosis Bodies. Moderate numbere cf zsbestosis hodies occurred in
the lungs of the guin=a pigs. beccring more numerous

and more distinctly segmented in later monthé.

22. Rabbits.. Rabbits exposed to the asbestos dust for parl'.\ds‘up vo 19
monthg develored a low-gracde foreigr-body tyose cf reaction but
ne fibrogis. Although their lungs contained particulate eilements of the dust,
fibers were pot present, indicating that the upper respiratory mechaaism of the
rabbit is adequate to exclude fibrous foreign bodies. Twe rabbits, arter inhaling
dust for & and 18 wonths, lived in normsl air for more thar two years. At autopsy
mgither animsl showed any evidence of cellular reaction or fibrosis in the term—

inal hronchioles nor werae there sy asbestosis bodisse.

23. Rats. A1l the white rats had acowired an infection. resuliing in the
formation of pulmonary abscess?s, befors ther came to autopsy.

Apparently, so mmch hezv-;r mcns obstructed their bronchi that wery few fibers
could have entered their limgs. iIn a few of the rats, an occasional asdesltosis

body was discovered but there was no fibrosis.

12—



Zk. Sunmary ané Interpretaiion of Inhwiation Experiment vith ¥ing's rloats Dust.

The findings in the experinent with King's {losts dust can ve summer-

ized under three headings.

A. Effect of the inhaled dust on normal animals. Ths King's fcats

—- Ay e e eam i

Gust csused a charac-—
terisiic per.-ibronchiolar fibrosis in guinea pigs but not in rabbits or rsts. The
fibrosis d1d rot progress after the dust expesure vas discontinued a.tid the guinez
pirs transferred to normal air.

R. Effect of the inhrled dust on tuberculosis in guinea pipgs. In guinea

pigs in-
fected with attenuated tubercle cacilli and then placed in the dust room, the
results were mre\vari.able than is wsual in an experiment of this type. A few
animals ahdved no sign of 'pro'g.‘assinn; in most of them there was evidence of ten~
porary progression with subsequent healing; in one snimal there was contirmous
progression to death. In contrast, when gulnea pigs, after being infected, are
exposed to guartz instead of asbestos dust, the infectiouvs process continues to
progress and eventuzlly causes the death of the animalis. On the other hand, ex-
posure of infected aninals to 3 harmless dust lilre calcite or gypsum does not
lead to any progression of the infection. Guilnea p:gsinfected with attenuated
ibercle bacilli following the termination of sbout twn years! expoaure to asbestos
dust did not develop progressive disease. The anly modification of the infection
was in its localization, a few bacills being retained in the fivrous terminal
bronchioles and forming tubercles there in sddition to the usval focl bemesath the
pieura. -
In view of this variability. the urmusual naturs of the response and the'high
proportion of deaths from intercurrent pnewmonia it is felt that definite conclu-

rIN T g
gions 2s to the influence of this-dast on the course of tuberculous infectior are

not justifiled. /Y
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/ E_b:gg._z‘tion Drparigent with Short—fider ‘Asbeztos Dua'lé.

Since hazardous dusts like quartz are most effective in preducing fibrosis

the a2rea

wnen the particles zre 3 microns znd less in size, an iphalation experimant tas
carried on to determine whether this condition ig trme 2150 for asbestos dust., It
wag thought that by using a short-fiber asbestoa dust consisting almost entirely
of fibers and particles smaller than 3 zicrons an sccelsrated tissue response might
be imitiated and an advanced reaction obtained im a short time. The previous
irhaletion experiment with King's floats asbeslos, which contalned fibers from 1

' nm.bolmicronorrlessin]mugthastallasagrgatdealofparticu]af{emter
and which produced a typiczl peritronchiolar fibrosis in exposed guinea pigs,

served 85 a basis of compariscna

26. The dusting matarial for this ecparinent was formarded from the Manville

plant, of the Johns-lanviile Corporation. It was the remains of fibers
collected in dust bins after a carding operation and screened to pass 200 mesh.
Since the materisl as received coptained many long fiberg, it was ground in a
stesl ball mill to reduce practically 21l the particles to 3 microns or less in
aize. When used alone in a standard dusting machine, this finely-ground asbestos
tended to pack in the hopper and it becamo necessary to mix ona volume of tha un-
ground materinsl with three volumes of the ground to generats a satisfactary dust
cloud. The addition of the smell quantity of unground zsbestos was wnfortunate
® because it confused the interpretation of results. Frobably the minor smownt of

reaction that developed was due to the long fibers in the mixture although the



data of this experiment do not prove the poirt.

27. The composition of the shorti-fiber astestos &s received is disclosed by
the chemical sad petrographic analyses given in Table 4. Semples teken
before and after gripding yielded ebout the saze veluas .qn andldyxrs,, indisating

that there was no contemination from the mill or 1033 of water centent,

28. The dust concentration varied sorwawhat durlng tne experiment and light

ficld counts for gtmospheric samples collecied inside the aninal csges
with the impinger apparatus ranged froam 83 milllon to 162 miilion, The average of
counts was 130 million for the first ycar of tha experiment, 13k million for the

second year and 140 million for the third year.

29. Size—freguency measurerents of air-floated dust from insicde the cages

at a magrification of 1300X revealed a great preponderance of fine par-—
ticles (Table 5). Nearly 90 per cent of the particles seen were smaller than 3

microns.

30. Reaction in Animals to Inhaled Short-Fiber Asbsatos Dust. Four species

of animals — guinea pigs, white rats, cats and rabbits « were used in
this experiment. The results of the dust exposure, which are gsummarized in
Tabla 6, will be considered more in detail below.

31. Guinea Pigs. Bighty guinea pigs were origipally placed in the dust room
but 21 of them were later eliminated from the expariment
and killed becanse of enlarged lymph nodes. Of the other 59 anirsls, L5 remained
in the dust room until they were sacrificed or died from netural csmSes and 13,

after being axposed to dust for 20 months, were transferred to a normal atmosprnere.

32. GQate and Type of Reaction. The {ype of tissne reaction to the inbaled



sneri~{iber astesios &z @osshiiaillr tha sanz 23 *hat alrezdy observed in the
experimenit with King's flozts ssbesiss. The rats of reaction algo was approxi-
mately the same but the extemt of involvement with the shart-fiber dust was

very much less and efter 15 %o €ii months of exposure only a very few smal? foci
of reaction, which generally raauired microscopic examination fer~detaction, wers
produced in the guinea pigs. '

Until exposures nhac continued for approrimately one year, there vas littls
tendency for dust—containing thigocyies 4o coilect into clumps. By 14 months
phagocytes had begun to collect about the walls of a few of the respirstory bron-
chioles with a little proiiferstion cr infiltration of wonomuclear cells in these
walls. There were also some multinuclested cells but they were always of the
inert foreign-vody type. At 2C to 2L months the cellular clumps were écmetjms
quite marked and sometimes changes in the epithelium resulted in the adenoma~-like
or "adenomatoid" appearance previcusly described in Section 17. In most of the
subsequent members of the series, the reaction romsined cellular in typs. In a
few, however, fibrous elements doxinated the picture. Im the latter case. the
collagen was rales in color and temusus with nc heavy swollen hyslinization. As
| in the rats described below, the giveolar ﬂal.]s‘ might be made up of a btand of
collagen supporting a leyer of epithelium, but with no contsinaed czpillaries. In
the tracheobronchial lymph nodes the rsaction ¥es more pronounced in this experi-
pent than in the previous ome with Xing's loats asbastos, probably because of
the transportation of an excess of fine particles to the nodes Iin animals inhaling
short—-iber asbestos. The reaction was essentially an increase in reticulum, rather
than a fibrosis, with preservation cf the original cells between the thickened
reticular fibers. Diffuse chronic pleurisy witnout evidence of pulmonary infection

was present in 8 few animals.
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33. Progressien. In the 13-3/4 wmonths followming the ceszation of 20 mcoths'
exToswra to dust, progression of dissasce vas rob definitaly

deronstrated but neither could it be &bsolirtely disproved, owxing to the varia-
bility of the response in different snimals. 4t the end of the dust exposure of
20 wdnths two pigs were Tesd as « and one as 2+. Among tHe 13 réemoved from quet
the findings were varisble: in 2 the reantioﬁ %28 ¥3; in 4 it was +; in 3 it was
3«3 4n 3 it was L+; and in orne animzl it was 5+. IL is quite possible that those
with the most maried changes h=d alresdy develorsd more reaction than the remain~
der by the time exposure ceased. Since the more gevere reactions cccurred Spora—
dically and bore no relationship to the length of time after cessatiom of expo-
sure the differences were attributed to variation in individual gusceptibility.
This view Q-eceived support from the chemical analyses (Table 7), which often re-
vealed comparable amounts of ash and silica in lungs with widely different amounts
of tissue change. For exsmple, the ash and silica values were quite similsr for
three animals in dust 20 months and then in normal air 13-3/k months, yet the tis-

sue reaction for one 2nimal was L+; for another, <; and for the third, only *.

34. Asbestosls Bodies. The formation of asbaestosis bodles was at first ex-

tremely limited. After S months' exposure only a
very rare short body could ba found, usually inside of cells. Around the finest
intracellular particles there wore yellow deposits bhaving the same color &as the
esbestosis body. Exposure of ons year had permitted an accummlation of mamy longer
NMberg about which the asbestosis-body coating developed. Uost of these were
still short encugh to ba partially or entirely within phagocytic cells. By the
20th wonth and thereafter, they ware comparatively pumerous although still rare
in comparison with the Findings in the King's floals expariment.



35. Thite Rats. Sevenby-itaec white roisz ware ampocsed to atmospheric sho-t~
£3i5e>» anbestoz dust for perdicds up to 32 wonths. Saei-
ficings during the first 10 moaths wore mxde Uirmomtaly and for the rewainder of

the experinent at less frzquen intgrvsis. . R T

36. RBate and Type of Reaciion. The dust celis untii 8§ months were widely

scatiored anc existed in foci only sporadi—
cally. Beaction was limited to occcsicnzl slight thickenings of the septa about.
anall accumiiations of dust ceglls. In a few rats at 10 monthe, there was a sug~- /G
estion of early fibrosis but ilie charge was so slight that it would probably be G
) overlosked without the clump of dust cells to atiract attention to the area.
Only 10 animals were exposed from 12 ic 32 momths. In each of them the lungs
showed mimate patches of well-delfined fibrosis distributed like that of asbestosis
‘ but without asbestosis bodies. The lesions, visible omly at & magnification of
150 diameters or more, consizted of patches slong alveolar ducts in which the walls
of the air spaces were very thick, due to swollan collegen framework. Commective
tissue and Foot-Blelschowski silver preparations revealed camplete loss of capil-
lary bed locally. Outside the collagen was & thin layer of epithelisl ocalls.
This did not resembls ths "adenamatoid"” change charactsristic of guimea pig as«
bestoais. o pleurisy was present. HNear the lesions tne air spaces wWera filled
with phagocytes containing grey to yellow particulate dust and & rare long naked
asbestos fiber. Careful search failed to reveal even a auggestion of an asbesto-—
gis body. The tracheobronchial nodes showed compact focal collections of mono-
cytic cells at 12 months and, at 20 montbs, some diffuse thickening of ihe
reticulum. In & few rats thers was definite fibrosis along the margins of the
node and extending into the mediastirnal areoclar tigsue. Compared with the response
. to active dusts lilm quartz and chert the reactiocn to short-fiber acbestos was

nagligible.



Restlis of chemreal azuziszTes noda on bine =hidie ratc are ziven in Table G aad
the average values have baen ‘”'-.lJ_luv. in Table & for ceozmeriscon wilh similar

values for rats inhaling other dusts. The concentratvicn ef ziroapherie particies

to which trhz gringls were expesed was approrimately itha camwe for asbestos ang
quartg; for the gypsta-guartz mixtuse, "it was about twics &% hagl {' AHd Tor CHErT
4ve times & kigh. It w=ill be notad that ihe percenieges {or asbestos sre lower

than thoge for quartz or chert but are simiizT “c those for the gyraum-quarie

mixture, in whick atmospheric sgglutination Landsd to reduce the amount of dust
inhaled. It might be inferred that the total quanbtiiy of asbestos dust inhaled
was low or that it had been elinminatad from or diseolved within €he lumgs. In

the preseant state of our knorledge evsiuation of thesa hypetheses is not possible.

37. Cats. Twenty cats weras used in this irhalation experiment with the
short—fiber asbestoss. Eighteen were kept in the dunst room wmtil
deati'x, the exposure period ranging frem cne month to nearly L-1/2 years, and twc,
aftar a dust exposure of 3i~l/2 months, were remnoved to norm2l air. One of these

was sacrificed S monthe, and the other 2L months, later.

38. Hate and Type of RBeaction. The reaction was essentially that to an inert

dvst, even after more than L years of expo-
sure. The tissue regsponse in this species wewx confiuned to microscopic focl 01‘.
fibrosis in the walls of groups of subpleural alveoli, rather than in the peri-
bronchiolar srees. In one animsl the change was extsnaive enougn to be visualizaed

cn gross inspection of the section.

39. X-Ray Chsnges. Opnly in the amimel with the longest exposure did the

X-ray reveal defipitely abnormal shadows. After 29-3/1
ponths the picturs was negatlives; aftsr LS months a faint mottling could be detectsd

thronghout both Zungs. 4t auvtopsy. 5 =months later, therz was only =microscopic

k)



forosis in ithe zubcleurael zone pims saETy Iywohecybic Inlilicavion absut zocdl.

reachiales.

:0. Acrtesbtocig Eadiss. On twolonged szarch & fex yellicwr stypical ashestosis

- ) C e bodies, zmoothh @ad withoul hawvstreblseg. —wre Sound

in ¢ro amimals erpcosed for mare than a yeor.

4. Rabbits. Z2ignt rabbits were exposed to dust for periods exteziinz from
oae to wora tran five years. The last eniial was rexoved

froa the dust room and left in pormal air 6 months before being sacrificed.

42. Rete and Type of Reaction. Thare was pever enough fr'ibrcsis‘ to be de-
tectod grogaly and there w5 no chronic

adhesive plewrisy. Microscopic evidence of slveolar wall thickening was first
detected after zbout 3 yvers of exposure and was seen in 211 five aminals exemined
thereafter. In one animal that died of paralysls after nezxrly fowr years of ex-
posure the reaction was eXxtensiva enough to be vigible on gross inspection of
tissuoc mectione. The possibility of pulmonary infection in this amimal could not
be axcluded. However, in another animal dyling two years izter the focal. fibrosis
was not nearly as obﬁ.cms or as advanced. 4#reas of involvement, which were
largely visualized becauss of phagocytic reaction within the zir spaces, temled
wicroscopically to become wmore fibrovs with the pessage of time but there was
never mmch encroachment upon the lumen of air spaces ana the architeciure of {the

ling was preser ved.

543. MAsbestosis Bodies. &sbestos bodies were mot dgtscted in rabbits Ghat

died earl; in the experimaut tut wers sesm in all

anirals that had been exposed to the dust for more than thrce years.



b . Smmary apd Tabscpretaidioun.

The oxicinal mrpsss of the exparimen: wes o eraluate the chemical
theory of the pethnogenescic of ashestozis. It was felt thet if the tissue rezo-

tion to esbhastas mece chemdezl im criein an acceleratss or accertuated response

. [ S Juyeun - SR S

1':ouié result from szc;o:';u:'e e :.‘lnes.aa"—'diﬁ.d&d asbestog, £38 1 bhe case with gocris.
This sxperiment, in which the rescition vas slcwer and less extensive thzn wkhin
ing's flozts, indisates that the reacilion (avnsl::g is not primerily chemical in V
oature.

Of the four spociea axpoded in this experiment only the guines pig znd
rat roacted with charactsristic pexribronchiolar fibrosis. The cat rescted with
atypical sub-pleaxral fikrosis znd ir the rabbit the fibrosis which cccurred could

not be pogitively atiributed to the dusht becauze of a strong possibility

, of pulmonaxry infectiomn. ' NG
—— L
® xuvxfua.«uﬁzu. e =
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% tion i P 111} ed agtosyf Duss.

In the inhdlstion expariment with short-fiber asbestos dust a small quantity
of wnground ashestos was mized with ground materdal in order to produca a suitable
dust cloud. %hon evidence of a dust reaction appeared in the guinea pigs during
the experimsmt, it was nob cleer vhether this was a tissue response L0 the smell

numbar of long fibers in the ungrournd asbestos or wes a delayed effect of the more
abundant. fine dust. Consequenily, another inhalation axperiment wes .5tarted. in

which no unground material was uaed.

6. Thne Gusting material wae the ground short-fiber asbestos used in the
pravious inhalation gzpe:'jment ot no wnground material was mized with

it. To obtain a sufficicnt amount of atmospheric dust, the design of the dusting

. apparstus was changed to =n opsn type of hoppsr and fresh dust was added daily.
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mich of tie {ibrous poriion Trox flicabing out of the hoprer, iLhe dispsrsal of

the dust wac rot enticely vevisfactery and efter 7 mmnths of operction, the dusi-
ing maching wWss r=copvertzé 4c its crizinal desita. To vrevent "pilling® or the

LN it kg seom el

farmation of spherules of ssbestog, ctrel wira bruchas vere attachsd to the in-
side surface of the hopper and to the rotating paddls. This coangemenc gave

satiazfactory results ané waz used Yor the rezaining £ months of the erperirent.

i47. The compositicn of 3ac Taw mebarial {short-Siber asbestos) and of atmos-
- pheric dust liberated oz the talli-ndliisd procuct in the dusting ma~

chine is given in Table 10. The3s vaiues are based tpon petrograpnic study and
X-ray diffraction anglysis. The starspheoric sammle was collected 'nit.h an elec-
trostatic precipitator after wire brushes had been installed in the dusting
machine. Previcus to this. tha cirysotiie content of the air-suspended material
was undoubtedly less that the i5 rer cent value given <u Table 10. In an inter-—
im report, it was stated that the air-borne dust contained about S rer cent of
chrysotile before the wire brushes were uvs=c and up te § per cent afterwards, but
these values were prouably low. GCuantitative estimates on ball-milled asbestos
dust may be somewhat inaccurate because it is difficult to determire bow mch

of a dust sample is fibrous chrysotile 2nd how much is non-fibrous serpantine.

LB. The dust concentration for the first 7 mombhs of the experiment weas

about 100 million particles per cubic foot of air. “ter the wire
brushes had been installed, the dust cowmtis were a iittle nigher and the overall
average for the first year was 105 million. The average of counts for ithe second

year ¥as 163 million and for the third year L5 miilion.



‘ 9. The size—Ireguency of ile cooncremis ol atmesphzcic dust collecied

inside the snimg® ceges wiih the glectrostatic avparatus is reported
in Table 11. Two sazples were taken, one tefore tha wire brashes were inetalled

and one after. It will be noted that aiter the wire bLrtshes wera in usze 2

b S

greater proportion of ¥éry fine particles and¢ alse of longer f{ibers was released

into the air.

S0. Reaction in Animzls to Inhaled 100 Per Cent Ball--¥illed Asbestos Dust.

Guinez pigs, ratc end mice were uced in the inhalstior experiment with
the 100 per cent bail-milled asbestos dust. The resulis are sumarized in

Table 12.

Sl. Guinsa Pigs. The experiment was started with 100 guinea pigs. 4s the

. dust exposure procesded, there were 39 accidental deaths,
32 of pneumonia in an epidemic. After 28 months of dusting the 16 surviving
guinea pigs were transferred to normal air. . ~__,_
g -
V——)

52. Rate and Type of Reaction. For the first year of exposure prectically u?
the only reaction to the dust was the pre-~
Sence of scattered phagocytes and an occasional minmute 2sbestosis body. At 16
and 20 months no grogs response was visible on the tissue section but nﬁ.croscopica:ﬂy
peribronchiolar foci of inflammatory cells could be seen. At 2l months there was
8till no change large encugh to ba seen with a hand lens although wicroscopic
examination revealed cellular accumulations about termipal bronchicles sud many
more asbegtosis bodies, chiefly within cells,
Chemical analyses of the lungs (Tsble 13) reveal that in spite of the

limited tissue reaction considerable dust had been retained in the lung.

~n



53. Trogression. The lungs cf animaic expesed for the full dusting period

(2€ months) and then living iv normsl air for 2 menths
revealed the changes described above and alszo very slight peribronchiolar fibre-
sis. After 8 months in normzl air the findings were similar but at 12 wonths 2

of I animals showed grosaly-visible characteristic peribronchiolar fibrosis witk

adenomatoid change.

Sh. Lymph fode Involvement, Thea tracheobronchial nodes were essentizlly

negative until exposure had been continuzd
for more than a year and a half. Animels sacrificed at 12 wonths and 16 months
revealed a few minute collsctions of phagocytes containing particles but prac-
tically po fibers large encugh to be recognized as such. After 2C z:;‘nths of
exrposure many monocytes filled with yellow granules were present. At 20 months
there had been & slight increase in reticulum but no fibrosis. No further changes

occorred in the nodesa. Asbestosis bodies were not seen in the nodes of any of

the guines pigs.

5. Agbestosis Bodies. Mimute asbestosis bodies were observed as early as
‘ 3 months after exposure began, but they did not be-
come mumerous until 16 months had elapsed. The bodies were short and practically
all were intracellular, although al 20 months some were long enocugh to project
beyond the cell borders.
It is important to rnote that in the later months of exposure thers was a Gis—
tinct increase in the pmmber of long fibers {&p to 70 microns in lengthiin the lungs

and that after exposure ceased charscteristic long asbestosis bodies were aseen.

S6. White Rats and Mice. In this experiment LO rats were exposed for periods

up te 20 months e&nd 2L mice for periods uv to 12



months. Heitner snecies Geveloped even a suggesiion of asbestosis and reaction
was limited to rvhagocytosis of inhizled particles by wideli-gcattered dust cells
which remainec free in air spaces or were trangported to the tracheohronchial
lywph nodes. Nec asbestosis btodies were found in the rats bet in the mice there
: .0 T e v

were a very few smzll nop-hzustrated forms within poagocytles. -

In 21 mouse lungs secticned there were 3 instances of pulmonary adenoma (1L%).

51. Summary snd Interpretztion.

The Lissue reactions coservad in this experiment were much lesa extansive
and glower in develeoposent than in the previous investigation with short-fiber
asbestos. 3Since presuwxably there were fewer fibers longer than 3 microns in the
material used in this experiment, the results tend to confirm the interpretation
made in Section Lli of the short-fiber erxperiment that the reaction pewb@®ly is not .—
primarily chemical in nature.

The finding of long asbestosis bodies in animals inhaling the ball-milled
material is an example of the &ifficulty of completely eliminating long fibers from
an asbestos preparation.

In regard to progression of reaction after removal from dust, which was ob—
served in this experimesit but not in the others, the following interpretation is
offered: Then the resction is well—developed at the termination of exposure,the
contraction of the fibrous tissue would obscwre any possidle progression. In this
experiment, however, since only the earliest stage of reaction was present at the
time of removal from dust, its subseguent progress w=as apparent. It should be
noted that the degree of progression was so slight that it can have liitle, if

any, practiczal significance.

~e
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After aminglis inheling skert-Tiber asbestos dust for more than a yesr had

failed to develop significant reaction, ths hypothesis that ssbestosis is pro-
duced by the mechanical irritation of long {dvers was glven added support.

S:ane the King's floa: asbastos u..ed in the first i-x.hala;.ion ;:;;r-;n‘enr.};a:_h

a rather low content of fibrous clrysotile and contamed consicerzble serpentine

and other impurities, it was decided to comduct a new inhalation experimant with

a purer form of chrysotile wirichk would be richer in long fibers.

59. The dusting material) employad in this investigation was obtained from
the Manville plant of the Jokns-¥enville Corporation. Samples of se-
veral varieties of asbestos dust werc first submitted to the Saranac Laboratory
for exsmination and one kind, identified as Lot D, which was low in magnetite
) and chromite and had a fibrous content estimsted to be about 75 per cent, was
selected as most suitable. Steel wire brushes wore fastened to the inside sur-
face of the hopper and to the rotating paddle in order to open up the bundles

of asbestos and liberate wore fibers into the mtmosphere-

60. The composition of the long~fiber asbestos used in this experiment is

indicated by the chemical and petrographic analyses given 1n Table 1,

It appears that this materizl was a n;u.ch purer foarm of ssbestos than the short-—
fiber dust uged in other experiments. This is borpe out by comparing the approx—

imate analyses of the long-fiber and short-fiber idust in Table 15.

6l. The dust concentration as revealed by impinger samples taken inside the

animal cages was much lower than the concentration for the experiments

¥ith ghort—fiber or ball-milled dust. Por the {irst year of the experiment with

. long~fiber asbestos the average of the light Tlsld counts was 32 milliom; for

~7



the seccnd year, LB nmillion; for the third year, 3@ million: sne fer the fourth
year, 43 million. Examdination of the impinger semplies with davk ficld illumine
ation disclosed that many fine perticles less thso one wmicron inm -size acgempanied
the larger particles and dark field counts were, oa e sverzge, e2bout S or £

tir:és ger + tﬁa -Eg'h'{; field éDuntS. L AT T ey i me———

52. The size~freguency of atmospheric sammles of thz long-Diter ssbestos
dust 2nd of ths bali-miilzd dust is shown in Tsoie I5. Solk sanples
were collected with the elecirostatic praciritator. It will be noted thal there

was far more fibrous material in the lopg-~fiber cust.

63. Reaction in Lnimals to Inhaled Iong-Fiber isbestos Dust. Guinea pigs,

cats, rats and mice were amployzd in the inhsliation experixﬁe:;t with
long-fiber asbestos. HResults of the experiment, summarized in Table 17, are

descrived in greater detail below.

6i. Guinea Pigs. The experiment was stsrted with 100 guinea pigs. Aftes
exposure had been carried oo for a year, & severe gpidemic

of pneumonla arcse in the dust room and about one—third of the animals died or

were killed. To replace them, 38 more guoinesa pigs were added te the surviwving

group in the. dust rooa.

65. Rate and Type of Reaction. Histological examination revealed grossly

visible lezions in the lungs after & months
of exposure to dust, consisting of cellular infiltration sbout the terminal
bronchioles. At 12 months, there were adenomatoid changes in the alr apaces and
by the 16th month & definite fibrosis was present in these areas in half the
aniemls. The fibrous lesion coulﬁ ba seen macroscopically at 2C months., From

this time on the reaction increased in- extent snd in the amownt of collagen and

-7
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fzaned oubl into the rerenchkiTée. The lesion
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rather charply localizesd 2nd the extensicns from different. bronchicles showed
no tendeucr toc fuse, even in animals exposed for the maxdrum peried (3 wears).
i!.l*f?‘.om;h the int?a_—?u}:?nm react'f‘-.of: somatines resached f;:ze plc___ux;.;:,::@ez:i #®E3 no
involvement of that mcmbrane. No emphysena wss visible at any point. Some
thickening of the largesr bronchi with a chronic i.nflamr._:atcry infiltration was re—-
vealed, Sut it probably was no zors than would be praduced by 2 zimila> exposure
te any dust. Por the first § months the phagocytes consisted of monocytes or
very small giant cells; later, giant cell Iormation was more preminent. After
16 months the giant cells were large, filled with yellowish-broen pigment and
sometimes vacuclated. An oc.ca.sional animal showed &n ~dmixture of polymorpho-
nmclear leukocytes and, in gurinea pigs exposed for a conviderable period,
eosinophiles. The reaction was at first entirely cellivlar but by 16 months f£i-
orous tissue formation was definite. However, it never atts'ned a staze of

hyalinization susgestive 5 silicosis.

A moderate individuwal variation occurred among ths exposed aiimals, both in
the rate of developing lesions and in the stage of development attz:ned at the
end of exposure.

Analyses of the lunzs (Table 18) disclosed thet although the tissul response
was much greater in these guinea pigs than in those exposed te eitber short-fiber

or ball-milled =2sbestos, the 2mount of wireral matter in the lung ash was l.es.

65, Frogression. In guinea pigs exposed to the dust Tfor 20 months and thlin
removed to normal air, thers wras & marked tendency for
cellular infleammatory reaction to clesr. Tiis effect, accompanised by contraction

of the fibrous tissue, resulted in a diminishing size of the focal lesions. Noms



of thesa enimals, idlled at variovs pericds op Yo il iz after exposure,
revealed lesions as large zs those in She group sasrificed ot the enc of ths
20-month exposure period or those in animals vhich renained in the dust room

for more than 20 mcaths. Fourteen mopths after cust exposure cessad. tne foci

-
se— - o e
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in forwr of the six remaining guinea-pigs were so small that taey were visible
only with a hand lens.

Reaction in the group exposed feor 27 months ard the:x transferred to a nicrmal
atmosphers was quite similar to the response in vhe Zl-month exposure animals
mentioned above. Eowzver, small foci were always visible on gross inspection af
sections of all guinea pigs of the 27-month series but in no instance was there

avidence of extemsion of the reaction.

67. lymph Node Involvement. Reaction in the trachecbroachial lymph nodes

®as firat visible at the third month of ex-
posure. &t the 8th monih patches of cellular connecvive tissue began to appear
in the medulla and by the 1lhith month most of the node had been replaced by
cellular comnective tissue. This picture, which resembled that in early silicosis,
p&aistea to the end of the experiment. Some animals, ss a variant, showed heavy
sheets of diffuse monocytes and large active glant cells but there was never any
necresis or byaline formation. The spindla~shaped new cells wera yellowish in

color from fine pigment gramiles that gtained for iron. No fibers -or asbestosis

ol
A

68. Asbestogis Bodies. Although asbestosis bodies were eeezans.early as one

bodies were seean.

worith after ezposure tegen, they were rare and hard
to find. 4t S months more were visible, chiefly cciled insids gisnt cells, and at
8 months many bodies ware free in connective tissue. They became falrly sbundant
as exposure %?r;;\;aeed altbough in some later snimals the asbestosis bodies were

only noderately numarous.



. 5%, Cabs. ¥Four cats inkaled ihe iong—f{iber zsbestos dust for pericds of
, 1L, 29, 3% and L2 monthsg, respectively, and were irmediately
szerificed. Two cther cate, after being exposed to dust for 18 months, lived in

a pormal airzosphere for ai additiomal 2h months.
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70. Rate and Type of Heaction. Exposure for L months was sufficient to

troduce cellular_ accurmulations of phagocytes
arourd terminc X Sronchioles and peripheral arterioles together with coapact col-
lections of siwilar cells in the tracheobronchial lywph nodes. At that time thers
were no typical asbsstosis bodies, but smooth pointed yellow fibers were scen very
rarely. With continued exposure, up to k2 months, reaction in the locations noted
progressed to the formation of cellular connective tissue vwhich made well-defined
sheaths sbout the respiratory bronchioles and artericles, marked lymphoid hyper-

. plasia and lymphoid infiltration of bronchiolar walls. The bronchioclar epith-

sliun vas low and flattensd, giving the tubes a smooth contour. Typical asbesto-—
sis bodies were not formed although there wes an occasional yellow, smooth,
pointed fiber. No plewrisy was present. The reaction was simlilar in location to

that in the guinea pigas, but fibrosis was omch slowar in development and had not

rsached the same degree of maturity.

(L. i-ftay Changes. Roentgenograms of three cats were made after exposure

periods of 25, 33 and 2 months, but tissue changes were

not dense ennvgh to be sezn on an X-rgy film.

T2. Rats. Although 20 rats ware placed in the dust room, many died from pneu-
monia and were not guitable for study. Five animals, of which one
w23 exposed for 19 months and four for 25 months, ware free from pulmonary infec—

tion ard offer 2 basis for conclusions.
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73. tabhe end Tyn3 of Reastion. A1) four animels secrificed st 2% months

shewed a well-marked peribronchislar fibrosis.
In the 12-month animal, reaction was Just Begizmi.ng- Asbastosis‘bodies were
rractically absent at both 19 and 25 sonths although two small zmooth bodies were
fétnd in the 19-month-animzl after & lenz seszvch. Thus,-these antmals exhibited
fibrosis without asbestosis bodies. -

Th. Xice. Out of 20 white mice u3zd in this experiment, 11 lived a year or
nore in dust and disd or were killed without showing an eppre-

ciable degres of pulmonary Infection.

75. Rate and Type of Reaction. Reection was limited to phagocytosis by
rononuclear cells. Usually these were wide-

1y scattered through the sir spaces; 2 limited number were grouped about the ter-

\
minal bronchicles producing some thickening of their walls. There was no sug-— \‘]i

gestion of fibrosgis.

Numerous asbestosls bodies wore observed in enimals killed late in the experi-

mwemt. Thus, thesé animals exhibited asbestogis bocies without fibrosis.

76. Summary and Interpretation.

The purpose of this experiment wvas to evaluate the importance of long
fibera in the tissue response to inhaled asbestos. The results indicate strongly
that long fibers are chiefly resporsible for the reaction. Thus, in guinea pigs
reacti;n developed earlier and became wmore exteasiva than in previous experiments.
in gpite aof 3z smzller concentration of atmospheric dust and a2 lower mineral con-

tent in the lungs. Furthermore, 2 typical peribronchioclar filbrosis was pruduced
-7 9" ‘LDB P4
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" f;.n cats...al;:;xough in a previocus e:cperiment_flwith short—fiber dust it did not
develop in this species. |

t The cause of the cellrvlar fibrosis,in the lymph nodes of the éuinea pigs

is not clear. It did not occur in othér inhalation experiments with asbestos,

In order to determine o what extent the wvarions fibrous minerals possess
"theé capacity to produce tissue dsmage, mmmercus injection experiments were per—
formed. In these experimonts guinea pigs and rabbits were used and the mineral
dust was injected by the intratracheal, intraperitonesl and intravenous tech--
niques. Far the purpose of simplification the findings in each series of tests
‘ have been condensed and reported in tables, to which reference will be made
later.

78. Experiments Using Intratracheal Technigue.
Since the asbestos minerals do not canse a typical advanced fibrosis in

extra-pulmonary tissue, ths intratrschesl technique is the perferred way of in—
troducing fibrous dust 4nto the .experimentsl animel. In this method thd dust
suspension is injected by means of a speclal needle or catheter deep into the
trachea, from which it flows into the lungs. |

79. Compsrison of Fibrous and Non—Fibrous Dusts. To demonstrate that the

ability of asbestos to
produce fibrosis resides in its fibrous character, the series of injection experi-
mants reported in Table 19 were performed. The tests were made with unheated

. long~fiber chrysotile and with chrysotile that had been ignited to destroy its
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iexible structure o hails-milica o relduce the
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Ioss. AL the sare bting 2orirel tests were made vwita sarventine. whndcn Las i

sana chemical compoaibtion as chrysotilis but is non-Iibrous. L Dovliew ol thc

findiazs reveals that only the uwnheated long-fiber chrysobile praduced fihrosis.
- - . o [ o AP

Sibers subiected to igniticn or shortensd Yy b2li-willing hedlost Lheir casasity

to czusa aerious tissue danzge. Ignition produced important changss is vhs cwy-

zotile fibers, smong them teirg lese of weler; an sliveration fron s fiadble o

2 brittle structiara znd csibly other changes.

80. CGComparison of Tarious Long-Fiber Pusts. Some very interssting fizndinzs

are discloged oy the resolts cf
the experiments included ir Table 2CG. F®irst; 211 the longz-iibex- asbgétos minerals
tasted, with the exception of anthophyllite, produced a typical Tidbrosis. It is
not entirely clesr why anthophyllite behaved differently from the othsr asbestos

minerals. nfortunately, £ of & animals died of pneumonia within the first two

weeks of the experiment and the remaining animals were sacrificed at 1, 8 amd 12
months; thus observations were not made at the optimwm pariods of 2 end k months.

Second, with the adneral brucite, which is not a silicate tut is 2 fibrous
forin of mragneziwm hydroxide, a charscteristic fibrosis like that of the asbestos
minerals was obtained. Sincs the brucite used cogtained only O.20 per ceat silica
(as an impurity), it is obvious that 2 siliceous component is pot an essential
factor in the development «f asbestosls.

Tnird, no fibrosis resuwlted from the injection of glazs wool Iibers, even
though glass wool resembles csbestos in some ways. There are fundemental differ—
ences, however. A glasg wook fiber I microns in dismoter is 2 solid rod and, in
short iengths, is f%drly rigid, waile an esbestos fiber of the zame dismeter is a
bundle of extremsly Iine D lemenis wiaxich impart Lo the fiber a high degree of flex~

ibility. It would sesm thub this structure and the associated fleosbilily are
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important factors governing the capacity of a mineral to produce pe:-ibroncﬂiolar

fibrosis. ' -

81. Comparison of long-Fiber and Shori-Fiber Dusts. With quartz dust it has

~ ‘ . . =~ been''demonstrated-that
the smaller the particles, the more intense is the tissue reaction, and that there
is little reaction to particles larger than 3 micrens in diameter. In tl'{a case
of asbestos, however, the reverse is trve and apparently only long fibers have
any specific effect. This is confirmed by the data of Tablé 2l; in which a series
of tests with fibrous minerals is reoported. When the injected dust consisted of
fibers 20 to SO microns long, all the minsrals tested (except anthophyllite, as
noted in Section 80) produced a fibrosis; when the material was prepared by first
grinding the fibrous dust until the length of fibers was reduced to 20 microme and
less (ar, in soms cases, 3 microns and less), none of the injected iindral dusts
csused fibrosis. |

82. Experiments Using Intravepous Techuique.
The experiments, described in Tabie 22, in which the intravencus method of

injection was employed, shox that the‘.asbesbos minerals are far different ffom
querte in their action on tissue. It has been repeatedly demonstrated that imtra-
vencus injection of quartz particles 3 microng and jss i;ﬂi”mmeter will cause a
typical tissue reaction with the develomment of, mmoﬁm 4n extrapulmonary sites,
such as the liver and spleen. Asbestos minerals, hmmmr, on intravenous injection
genarally produce only an inert type of reaction, as is revealed by the results
given in the table. The reason for the early deaths in the experiment with chryso-
tile particles is not clear; it may have been caused by xilicic acid liberated by

the finelv—ground mineral.



. 83. Exporiments Using Intraperitoneal Techniqus.
The results of injection experimente with the intraperitoneal technique are

given in Tsble 23. It will be noted that the long~fiber dusts produced a fibrous
reaction while dusts _composed of particles 3 micz-ona smtf.klass in size cansed only
an inert type of response. These expariments indicate also t};a: ;:;1:' f;;cr;;i;
initisted by tine frritation of asbestos fibers is not resiricted to the lungs,

as wag formerly W, but can be preduced in the peritoneun as well.
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Loxxav. EXPERTMENTS. WITH ASEESTOS MINERALS
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A mumber of additional experiments wers conducted to throw more light on
specific phases of the asbestosis problem.

8S. Protective Action of Alumimm Compourds.

Intratracheal injection of & suspension of lomg-fiber chrysotile to which
gounidal‘abmd:mmhy&rmﬁdehedbmaddqdmeﬂadbhntmadditm&the
sluminum compound did not prevent the tissue irrdtation produced by chrysctils. l«/
If enything, the acute inflammatory response o the injected fibrous mineral
was accalarzted. Onemuthafherthelastinjectionorthednatnapenaiontm

bronchiolitis was becoming fihrom.

86. Formation of Asbestosis Bodies.

The iron in the coating of the asbastoasis body appears to be dogrived from
blood or tissus elements snd rot, as has been suggested, from the mdineral fiber.
Following subcutaneous injection of two ¥inds of chrysotile imto the groin of
guimapd.gs—omkﬁndcontaininéZpar cent and the othar 0.2 per cent FexO3-

. the asbestosls bodles were equally numerocus &% both sites of injection.

ezl b
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An attempt to produce asbestosis bodies in guinea pigs by implantation of
three silk bags containing fibrous chrysotile was unsuccessful. _Cne bag planted
vubcutanecusly in the abdominal wall disappeareds the othar two bags, placed in
the peritoneal cavity, produced a little foreign body reaction but no asbestosis

- I .

bodies in a year. = : ) .

Intratracheal injection into guinea piés of asbestosis bodies recovered from
hman Jung tissne failed to produce the typical tissue reaction to asbestos
fibers. The injected material was cbtained by digesting with sodiuwm hypochlorite
salution lung tissue removed at autopsy from an asbestos worker. The asbestosis
bodies could be sesn in the guinea pigs for at least a yoar after injection.

This experiment shows that the asbestosis body bas a rather resistant coating
which is not destroyed by moderate hypochlorite tresiment and may be mzintained

in vivo for a year or longer.

- . R

LOGVIT. THREORY OF TRRITANT-ACTION OF,.ASBESTS MINFRALS
LI S VAR Ui U W W W WL W T e <

' mwtmmmmmwmtmmimutmnmdm-
tion censed by agbestos fibers: the chemical gnd the mechanicgl. In the chemical
theory, which is based upon experience with quarte, it is assumed that the as-
bestos minarsls dissolve in the body flulds and that in this process thair bases
are leached awxy to lsave _id.lica in a form capsble of irkitating tissves. Accord~
ing to this hypothesis, asbestosis would be mure]y an indirect silicosis. Seversl
facts maks the cheamical theory untemable: (1) intﬁtrnchen_l injections of tru-
cite fibars, which had a silica content of only 0.50 per cent, caused a typical
fibrosis like that produced by the-asbestos minersls; (2) free-eilica particlea
increase in poteacy as the particle size becomes less, but asbestos fibers

shorter than about 10 to 20 microns ars relatively inmmocuous; (3) alumimm

—2k



hydruxide neutralizes the Jrritatiag zifsct of guartz but not of asbestos;

(L) gerpentino has the same chamiczl comrosition as lonz-fiber chrysotile but
it does not produce the same kind of tismus reecticn; (5) there is a wide range
in the chemical composition of the minerals which do cause asbestosis (see
Teble 24). Tn view of this evidence it seems more 1ﬂce§kthatdé;i;tﬂo;;mi‘s;—
caused by an ucusval nechenical irritaticn from long asbeatos f.‘ibersj' Frobahty
tnis ﬁrritationbui;trrelated to the peculizr filamsnted structure of the fiber and
the associated flexability, which are possegsed dOy no othar foreign body. For
exampls, ignition of chrysotile fibers changed their structure and made them
inert while the same fibers, beforse being heated, wouid produce> fibro.s:‘.s (see
Table 19). Further support for the thzory of mechanical irritation iz that
asbestosig occurs in an organ of nigh mobility - the lung —~ and that a fibrous
resction can be produced by injection of asbestos fibars into the peritoneum,

vhere there is also & degres of mobility, but rot in other extrapulmonary organs.
u/""
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The expermantal juvestization with asbestos minarals was concorned primarily
with the effect of the dust on normal tissue but some attention was given to

other phases, such as susceptibility to infection and occurrence of malignancy.

89. Infection.

The only experiment in which the effect of inhaled asbestos dust on a pul-
monary infection was gtudied was the first inhalation experiment. carried on with
"King's floats"™ dust. It is, perhaps, unfortunate that infection stuiies were

not made in the other inhalation experiments also.



90. Susceptibility to Tuberculous Infection. The development of a tuber-

culous process initisted at
the beginning of exposure to astestos dust, and also of an infection superimposed

upon an established asbestcsis, was described In Sections 19 and 20 of this re-

At kg e i
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port. It will be noted that asbestos, when classified according to tha effect

of a dust on tuberculous irfection, would be placed below an active dust like
quartz but above inert dusts, such as calcite and gypsum. In epimals infected
with atiermated tubercle bacilli, quartz will cause the infectious process to
progress until the animal dies of tuberculogis. Inert dusts will have no effect
on the infection and the lesions will usually hsel and the disease diaﬁppear.
fshestos dust is in a different category. ¥Vhen the fibrous dust was being in-
haled during the evolution of the infection, there was a spreading of the tuber-
culous process for a time bub usually the stimlus for continued proliferation of
the tubercle bacilli was not sustained, the progression was arrested and healing
followed. In guirea pigs infected with attenmuated tubercls bacilli following the
completion of nearly three years of exposure to asbestos dust, progressive disease
did not develop. Ths only modification of the infection was ome of localization,
a ferm bacilli being retained in the fibrous terminal bronchioles ard forming
tubercles there in addition to the usual focl beneath the pleura. Such tubercles
healed in a8 few months apd there was nothing to suggest any influence on the

course of the disease.

91. Susceptibility .io Non-Tuberculous Infection. There was no pointed ex-

perinment concerning the
ef fect of inhaled asbestos dust on pon-tuberculous infection. Imtercurent pneu-
monia ameong animls exposed W asbestos dust was rather common, the frequency in

guinea-pigs expoged in the four inhalstion experiments ranging from 15 to 39 per




cent. This incidental evidanac cuZgesis the Doszibility of an effect of asbestes
dust on non-tuberculcus irfeciion. HNevertheless, since such epidemics are not
uncomzon in iphalaticn exgperizante wiih other dusts and eveu in the colony of

normal gmimals, it ic felt that the inhalation of asbestss dust coes not axert a
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significant effect on the susceptibility to.oon-tuberculous pulmonary infection.

92. *o.i.'u
flo spgeific experirert was cérzlucted > daternine whather the 1alstion of

C'ﬂl"‘" 2 (7 SRR S PRI . fr v % Ct & wal #wuv-‘\ .

asbestos fa ors - the cevelopment of neopl.ast:l.c_d pezse, but ceriajd observations on
this subject\were recorded in Ahe outline he proposed mg a-;;raph on asbestosis
submitted by dhe late Dr. L.fU. Gardnmer iif February 1543¢ In it he called atten-~
tion to the high incidencg pf lugh ng micgAnhaling lopg-fiber ashestos,

In his experimenBgl notesf howefey, ha referred 26 these lesions s adenomas.

There is an iportagt dist¥hction betwesrt adenowmd and cancer vhich shoeld be
made clear. A cancér i a tumor, or neopdasum, capable f 1ocal invasion and de—
struction of tissue, Fiich can distrihfite cells through the Iymphatics or blood
stream to produce isoffted foci, fybm which new tumors develop. This phenomenon
of dissemination is Jnowp 85 meffastasis and any tumor which ‘axhibits it is a
malignsnt groewth, of whick cghcer is one type. An adenoma, of the cther hand, is
a so—called benignfor nonAMRlignant tumor (neoplasn) which may or mey not be
capable of local iavasion bub) wvhich does not metastasize.

In order to clarify the eXact nmature of thess lesions the path\logical mater-
ial is being carefu}iy exanined.\ Since it is felt desirable to hawve the benefit
of Doctor Vorwald®s judgment, a ré‘new of the dasta on this subjec’ 1is bying post-
poned until after his retarn from pe. HRather than delsy the entire rapart,

further discussion will bz ragservsd for\a supplement to be issued later.
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Cving $o the vist amoupi’ of 43tz nclwded 3z this report It seems rnst

convenient to state the conclusions deri from the jzvestigation axd, vhen

necessary, follow each ane with a brifl rezums of Lhe evidznce.

L e
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< A, TVarious Iorms of a,sbestos./fibers Procuce a peribronchiolar fitrosis of the

I'4

lungs of guinea pigs, rais, cats and rabbits but not of milcs and
dogs.
Both irnzlation and injection experiments provide anple support

for this conclusion éigures S and 6 show the reaction

ol asbestos mineral.

—-

S0 -be prindrily-meehanieal rother than

to two different
G

B. The mode of actiona
w chemical.in nstura. <7 P"“ff*ibl%
C
The evidence is givep in section LXXXVIT. Figwres 1, 2, 3, Lk and
7 illustrate the imgortant points. The Tfibrous filzmenisd

3@;«1-::% play$ sn essential part in the

ince the solid fibers of glass wool do not

structure of asbest
irritating action,

nroduce fihrosis ee Figure 8).

prorebs
C. Short sabestos fibers|do cot produce fibrosis.
The oceacXamton is

plied in th2 evidence mentioned in para—

grapn B avove. iments which further esupport this {iweding
[s YVETQUEP * 10y

are © ir Tgbles 21 and 23.
D. Typical fibrosis canjbe produced by an atmospheric suspsnsicen of
asbestos dust contaifring only an extremely small proportior of long
fibers.

In the innalaticn experiment with 100 per cent ball-milled

Y
asbegvos dust a ‘Jg‘pical, thougn delayed, fibrosis was

N

1
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Lleined oo Tabis 1200 alliagnsi less than 1 oper cent of
Lre shoestosric dust conzisted of (iberd lonszer than 10
TacTonRs, <5 1is shown in Table 1. Im cﬁntras% the ictrs-

trachezl inzchion experiment with fl?la asbsstes dust con-

L .. - - . . - R -ins SIS
= t2ining us Yomg fivars J2iled Lo preduge Iibrosis, |
(gee Tanl: Z13. ’
.\.
S. Innaletion o: esbestos dust eprazentdy net alter simificaatiy the
o Gt w~

4 coumae of ex xoerireacal buberenlosis in
wolenJs Lakime r
This gonePrsien 13 tentative since te evidence on vhich it

is basea foes not conform with cur al experience. 2zfer-

ence to fable 3 will ghow that when finfection was coincidernt
vith onse: oi dust exposure there ws tewporary progressior of
the cisease with zubgequznt healings vhen infection was
initiated after 25 3/L months of dfist expcsure the course ¢
tuberculous discase wes not appre ly altered. In contrazst,it
has been observed in experiments ¥ith mixed dusts contsining
quartz that if there is a slight progression of the tubercu-
losiz when infection and dust exppswre are coincident, this
eifect is more marked (instead of less, as with asbestos) when
infection is initiated aftsr a p%riod of dust exposurs.

This conciusion concerning the effect of inhaled asbestos
dust on twdercilosis seems jusiifizd because in the more sensi-

ive test (infeciion initicted after ¢ period of dust exposvre)

there was no snprocizble isicreasq in susceptibilitr to the

tuberctlors infeciion. liowersr, pince the findings in ths

et LS . R ! e e, S S, e~
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‘ Bince tae cusitics mmberiszl unsad fiun iae sinzle experissnt

/ALL
dealing vith Infeciion co‘nﬁ:—:i‘-.#d ond7 2 reiativelw sazil

cymne o & st P U A S .
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further investigation of thif phase ol AsD3stosls Lee@sn eimmin

sidm-ed—.

: F. The formation ol zsvestosis bpdiss lgzeiis t) mevrecens a coatiar of
hlu:ﬁl P Larmm _/uu.JA - “';'"‘z': . 1. ‘\‘)‘"
the fibers ard TeiLs ir lofs of the adilitylto rroduce fitrouis.
Intratracheal injection pf asbestosis bodias frilad e

produce the typical tisfue reacticn {gee section 36).

The cessation of progrgssive reaction to inhaled

agbestos dusy soon affer axposure terminates may be
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BEFORE ME, the undersigned Notary Public, persor;ally came and
appeared MICHAEL RHODE, a person of the full age of majority, being
of sound mind and body, who, after being first duly sworn by mne,

did depose and say:

I, MICHAEL RHODE, am an employee of the Armed Forces Institute
of Pathology, Washington, D.C. I am custodian of the original

archives o.f Dx. Arthur J. Vorwald.

Pages 1 through </ 2. attached hereto are true, correct and
authentic copies of documents from Dr. Arthur Vorwald’s archives.

The pages attached are Revised version of ASBESTOSIS -

Experimental Studies by The Saranac Iaboratory, Report to the

Johns-Manville Corxrporation, dated January 31, 1949

Dr. Vorwald was the Director of the Saranac Laboratory of the
Trudeau Institute. Upon his death, Dr. Vorwald‘s archives were

donated to the Armed Forces Institute of pathology by his widow.

Dr. Vorwald’s archives are in such condition as to raise no
suspicion concerning their authenticity; they were received by the

Armed Forces Institute of Pathology from Dr. Vorwald’s widow after

RHODE AFFIDAVIT - Page 1 of 2




Dr. Vorwald’s death; they are presently on file as authorized by
law in the National Museum of Health & Medicine, Armed Forces
Institute of Patholegy, Building 54, Walter Reed Army Medical
Cen\t_:.er, Washington, D.C. 20306-6000; and the archives have-been -if-

existence for 20 (twenty) or more years.

Yy AR
MICH?;L RHODE, Aj'IANT

SWORN TO AND SUBSCRIBED before me, the undersigned Notary

Public, on this the £ Y~ day of April, 1992.

7 NOTARY PUBLIC

Printed Name: @&g, l.< l/_kfg {,6mS

My Commissign Expires:
27 E 9
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