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Varions forms of asbestos fibers produce a pasridbrmochioler fibrosis of
the lungs of guinea pigs, rats, cate end rabbits but not of mice and dogs,
The mode of aotion of the asbestos fiber ie primarily mechanical rather

Nt et e e e
then chemical in nature,

;..ong asbastos fibers are essentiﬁ in the produstion of peribronchizl
fibrosig; short fibers are incapable of producing this reection,

Typical axperimental asbestotic fibrosiz was produced by the inhalaticn

of an atmospheric suspension contaimirg an average of 138 million particles
per cubic foot of air of which only 0.8 per cent consisted of fibers

longer than 10 micromg

The duration of exposure required to develop the pulmonary reection to
inhaled asbestos dust is. inversely proportiomal ic the concentration of

long fibsrs in the atmosphere, viz, as the concentration is increased,

the reaction develops in shorter time, /

.Established experimental asbestosiscweases to progreasz on discomtinuing

exposurse to the dust,

The formation of asbestosis bodies represents a coating of the fibers by
blood and tissue elements which results in loss of ability of the fiber
to produce fibrosis,

Aluminum hydroxide failed to neutralize the fibrosing aotion of the lung
fiber asbestos (Section 85),

Inhalation of asbestos dust did not alter significantly the final outcome

of experimental tuberculosis in two series of guinca pigs exposed,



2. Intreoduction

Asboatosis is & form of pneumocconiosig resulting {rom prolumged inhala-
tice of asbectos dust. The nome asbestos, 1litorszlly “unburﬂable,“ i3 not
that of a particular wineral dut is a term spplied to 4 number of diffaerent
minerals whose characteristic feature is a structure composed of long, per-
2llel, flexible fibers, Thie structure is unigue because the fibers are
capable of repeated longitudinal subdivision to units bf moleculer proportiocns,
in length the fibere vary from a few microns to six or more inches. <Some
varieties ars stiffer than others but many are sufficiently flexible to be

spuu into yarn and woven on medified textile machinery,

3. Asbestos Kinerals

Tho asbestos minerels are silicatss of variable compogition and belong to
the serpentine and the amphibole groups, Listed below are ‘the mors common
varietios,

Amphibole Group

Anthophyllite (¥g, Fe) silicate

Amosite (Mg, Fe, Al) silicate

Amphibole (Ca, Mg, Fe, Al, Na, X) silicate
Tremolite (Ca, lg) silicate

Actinolite (Ca, Mg, Fe) siliocate
Crocidolite (Xa, Fe) silicate + Fo silicate

Serpentine Group

Chrysotile Mg silicate (hydrous)
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The bulk of the asbeston of commerse 3s chrysotile, 3Hp0,2510p,2Hy0,
which is mined in the Theuford region of the Province of Quebsc, Crocidow
lite and amosite are also used commorcially but in much =meller amounts.
Chrysotile occurs ae veing in serpentine, & mimersl eimilar in chemicel come
position to ohrysotile but which eoxists in wassive form and is made up of
microscopic fibers without the farallel orientation cheraoteristio of chryso-
tile, The meséive biue black serpentine, which is smooth and soapy to the
touch, is traversed by veins of fibrous ghrysotile varying in width from »
barely perceptible line to siz or more inches, The fibers rum aoross the
vein and not lengtiwrlse with the formatim.

Attention is directed to the mineral brucite, ¥g0,H;0, which is often
found in the aame»fbrmations with serpeatine snd chrysotile and may ba fidbrous
in structure, It has no commsrcial value at preseﬁt because its fibere are not
sufficiently flexible to be used in textiles but they are cspable of repeated
longitudinal subdivision. Unlike other asbestiform.mine?als, bruoité-is not a
silicate and for this reason it has been a vaiuable tool in an experimental

evaluation of the action of fibrous minerals upon lung tissue,

EXPERIMERT ;VL ASBESTOSTS
For many years studies have been carried on by the Saransc lLaboratory in am
investigation of the cause, nature and development of asbestosis, The present’
report is devoted to Experimental Asbestosis, In it are described the snimal
experiments with various linds of eebestos dust, Another report, to be prapared
ond issusd leter, will be oconcerned with Human Agbestosie and will cover the

health aspeots of workers wiio heve besn exposed to asbestos dust in en industrial

enviromment,
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- cduce In one or more ssecles of anlmal charsusere
obe tiosun chencsas wivich are vimilar o the lesions of human sahestosis. Sisce
o Aifz-goan ol the exoerimentsl zudimel is relabively shord, iU is not possrills
Lo develor the characteristic lesicas in animals e ususl infustrisl oon-
Consecuently, (o obtoin & complete evaiuatlon of the tissue responss
oo dimhaled particuiate and fibrous materdiel. ib 1s necessory o accelerate tha

reaction by employing zbions of dust than would ordinarily s en-
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cwabersd in industry. Vhile conditions of exposure are thus differsnt, the

information yielded by experiments with animals is invaluable in furnishing =
better understanding of the reacticn of the human organism to inhaled asbestcs

1
Taseml
o

£

S. Bxperimental Methods

For investigating the biologicel reaction of the experimental animal e the
varioug asbestos minerals, two types of technique have been employed, namely, the
inhalation wethed and the injection method. In iphalation experiments, groups
of animals « up to 100 or more guinea pigs znd sometimes smaller numbers of
rabbits, cats, dogs, rats or mice -~ are kept for eight hours a day in & cubical
cust room. @ignt feeb in dimensicn, in which a cloud of asbestos dust is maintains?
At intervals cduring the experiment, & fow animals are sacrificed and the tiscue
examined to determine the nature and extent of the dust reaction. OSome animals
are exposed for periods up to three years. The injection experiments, in which
the dust, either dry or suspended in fluid, is introduced into the animal by the
intravencus, intraperitoneal or intratracheal procedure, are used Lo determine
vhether or not a particular dust has a potential capaclty to produce tissue

reaction.
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" Long~term inhelntion experiments furnish jirformation upon whioh great reli-
ance iB placsed when =stimating the degree fo which a dust might be hasardous to
industrial workers, TWhether or not atmospheric dust, even though posentially
dangerous, oun be inhsled, pass the netural defense barriers and reach the pul-
monary tissue in quantities sufficient to cause damege can be detormined only by
inhalation procedures., Injectiom sxperiments are useful becsuse in thém contact
between the dugt particles and tissues ie assured and the potential capacity of
the dust to produce reastion cen be estimated acourataly; When dealing with fi-
brous minerals like asbect{os, the iatratrachenl method 1s valuable since it per-

mi te observiang the effeoct of the fibers on pulmonary tissué,

8, Species Suscepbibility

- Unlike free silleca, asbestoe doas not exert its specific offsct in all ofgana
of 21l species of auimal {Tadbls 1), Injection of fine quarte irto varicus orgens
of the guinea pig, rabbit, rat, mouse, cat, dog, chicken and even tadpole will "
produge silicotic ﬁedules. Howeve}, similer injections of long or short fiber as-

bestos have resulted in & fibrous reactior im the lung and, to o leasser extemt, im

the peritoneum but not in other organe of the guinea pig, rabdbit, cat snd white rat,
fVihs dog end white mouse feiled to respond, This variation in species is yet to be

accounted for,

7. Peculiar Gharscteristios of Asbestos

Experience bas demonstrated that moat of the particulate nmatter inheled into
the lunge of man end animal is 10 microns or less in maximum diameter, Largor par-
ticles apparently are excluded by the protective mechanism of the upper respiratory
tract, In the case of fibrous matérials, however, this restriction does not apply
and fibers 100 and even 200 microns in length have been found in the terminal
gir speces of humen lumgs, iIn smalinlaborauory eninals exposed to asbestos dust

the maximum length of fiber found in the lung rarely exceeds €60 microms,

Not every kind of fibrous materisl is inhaled with equal readiness; for exemple,
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the syatoeiic fibers of glicors «

through the nose, pharyni,

bronchioles and slveoll.

{alveolar duct, abria, alvecli) in ail certs

L and asodcm reach the terminal

Inhaled particuiate mabtsr comes Lo rest Lhrargneal the terminal air epaces

»f the lungs; inhaled asbestos fibers

are fiest retained in the respiyatory bronchicies. These very smell tubes are

epitheliuvm. Their own egsen-

tial lining is a low cuboidal type of epithsiium Lut, as their name implies, they

actually function in respiration througn laterai alveoil given off as pouches

PRy v
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along their walls. Either these pouches., or the abrupt change in the character

of the lining epithelium, or the decreass in diameter of the tube, or perhaps the

. .
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combination of 21l threz Macicres 13 rzsponel

1 retention of the inhaled

fiber. Only after asbestosis is well established are apprecisblz numbers of fi-

bers carried into the more peripheral air sp

8. Rate of Tissue Reaction to asbsstos Fibers

Thne rate of tissue reaction to

asbestos is much more rapid than to zan active

dust like quartz., BEvidences of {issue responcss appesr as soon as fibers have

localized in sufficient concentration in spec

tos fibers by intratzacheal injection this

svidsnce is

ific areas. In rats receiving asbeg—-

vieible zc early as two

\,"l

weelis after injection; for quarts dust the latzsni period might be two montus or

nore.

The behavior of the tissune reaction %o

exposure is not the same in silicosis asz in a5

nodiles become larger; in asbestosis, youg

inhialed dust after the terminavion of
bestosis, In silicosis, the young

scar tissus,binal may nave fo.med,cian-

tracts and becomes more dense bub the arss of invwclvement decreases in sizo. If

exposure to asbestos dust is terminated alter

a brigf period, the recently-inhaled



fivers in the lung may ocause the fibrous tissue response to continue for a
short time, until the fibers have been coated, This progression is of only a

glight degreoe and of little ﬁgnii’icance.

9, Asbestosis Bodies

The peouliar structwre knom as tho asbestosis body or curious bedy is a
specific concomitent of asbestosis, The typical body ig a golden-yellow, beaded
or izauatratéd rod which may be éiﬁher streight or curved., Often one or both ends
ore bulbous like a dumb-bell, The bodies vary cousidersbly in lemgth, and
dimensions up to 250 mioroms havs been recorded.

It is belisved that asbestosis bodies are due to a deposit of protein and
iren pigment upon the surface of inhaled fibers, In, guinea pigs they form after |
asbout €60 days of contect with the tissue, They ere abundant in men end the guinee
pig (see Table 1) but are much larger in the former, probably because the larger-
siged air tubes admit fibers of greeter dimension. In cats, rabbits and mice thers
is en atypiocal coating of a fow of the fibers after much longer residence in the
lumgs., In mis and doés no bodies could be discovered, Although the evidence is
incomplete, it apgpears that the formation of the asbestosis body prevents damage

to the tissue by the fiber,

II\IHALATIONXEKPERIEENTS
Four comprehensive inhalation experiments have beéz conduoted at the Saranso
Laboratory with varicus forms of asbestos dust, In each of these investigations
more then 160 snimals were used and the experiments were carried on for periods
ranging from 2 to more than 5 years, The four kinds of' asbestos dust émployed
are identified as King's floats, shaort-fiber, 100 per cent ball-milled, and

long-fiber asbestos dust.
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. INBALATION EXPERIMERT WITH "EKING'S FLOATS" ASBESTOS DUST

,

The first inhalation experimeat conducted at the Sarenec Laboratory with
asbestos dust was begun in 1928, Animale inhaled the dust for periods up to
nearly three years emd scme guines pigs lived for ebout four years after thesir
firet exposurs to dust. A preliminsary report giving observations after 29
months of exposure appeared in the February, 1831, issus cf THE JOURNAL OF IRDG-
STRIAL HYOGIENE.* At that time observations covered & period of only 2-1/4 years
and the canclusions é.s to the ultimate effeoots of inhaled asbestos dust were
provisional., Results of the completed study show thet moet of the comolusions
drawn in fho preliminary roport were substantiated, A complete review of this

experiment follows:

12, The dusting materiel vms a cammercial variety of asbestos dust known

‘ a8 King’s floats snd was composed of short fibers and partiocles of

varisble size. It was obtained from the Thetford, Quebec plant of the Asbestos

Corporation of America,

13. The dust composition (Table 2) reveals that the amount of fibrous chry-

sotile was mly 14 per ceat, a rather low value, However, there was

sufficlent fibrous materisl to produce a characteristic fibrosis,

14. The dust concentration at first was quite low and for impinger samples

taken soon after the experiment was started, the average light field
count by the standard techniqus was anly 6.0 million particles per cubic foot of

air, /4n approcisble mumber of large particles (or fibers) also were present, as

*STUDIES ON EXPERIMENTAL PiEUMOCONIOSIS, VI, Inhelation of Asbestos Dust, Gardner,
. L.U,, and Cumnings, D.E. J. Ind, Hyg,, 13: 65-81, 97-114, 1931,



shomn OF an average cowil of Cao .r;-'x:i_::,"n_:‘_L-:m iGr pasticlse greater than 10 mdcrons.
After the inhalation experimsnt hed osen uwnder way for sbout two years, the speed
of the rotating paddie in the dusbing machine was increased and for the remain-
ing ¢ or 10 months of the exmperiuwent ccnsiderebliy more dust was dispersed into
the atmosphere. Average dust coumie for impinger zamples collected after this

change ware 53,7 milldon for the vernl Lichsdioid mmihed, and 1. & milliom Onr

particles 1arger than 10 miecrons.
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15. Reaction in Animals to ITmialed ¥King's Floats"™ Asbestos Dust. Results

\

of the investigation, briefly summarized in Table 3, show that inhala~
tion of Xing's floats asbestos dust preduced & typical peribronchiclar fibrosis

in guinea pigs bubt not in rabbils or rais.

16. OCuinea Pigs. Seven groups of guinea pigs were used. In three groups

the effect of a contimwous and of an interrupted dust
exposure was studied: in two other groups the reletionship between infection and

dust exposure was investigated. The remaining two groups were infection controls.

17. Rate and Type of Reaction. Guinea pigs inhaling this dust for periods

up to 32 months developed a characteristic

fibrosis occurring in conical paiches 2bout the respiratory bronchioles. During
this exposure the peripheral alveoli were not involved. The particulate elements
in the dust were transported to the lymphatic system where they caused no signi-
ficant reaction; the fibrous elemenis remeinec fiwxed at the site of originai
localization and were seldom delected in the lymphoid tissue. Pleurisy and fi-
brosis in the septa were observed cnly when infection couplicated the process.

After exposure ¢f approximately a year, a small amount of cellular reaction
had been produced abcut many respiratory bronchioles. Aa more dust wss inhaled,

it conbinued to accuralate in the seme location and later stages of the disease



consisted of extensions of the original lesions. New areas were not involved.
apparsntly, the inhaled fibers were caught in the pocket-like alveoli that
zre given off fvom the latersl walls of the respiratory bronchioles. There they

were vhagocytbized and ameny of them wers carr

foda

ed into the wall by wmigratory cells.
lononuclear lencocytes attracted Lo the area caused an appreciable thickening of
the bronchial wall. Afber 16 months a delicate fibrosis made its appearance.

The rrocess evoived so gradually that mitotic division of fibroblasts could
rarely be discovered; nevertheless, the mumber of fine interesllular collagenoas
fibers (fibrosis) sieadily increzsed. As this fibrosis contracted, it particlly
cloged the alveoli, and with this atelectasis the lining epithelium assumed its
embryonic cubcidal form. The result was the adenoma-like appearsnce that Willis
described in geinea nigs inhaling silicon carbide. The longer exposures resulied
only in more thickening of the walls of the air spaces, largely due to an in~

creage in the amount of fibrosis. The fibrous tissue always remained cellular

and never szhowed the hyalinization characteristic of silicosis.

18. Progression. The reaction produced in exposed guinea pigs did not pro-
gress significantly durigg a subsgequent period of 37
months when the animals lived in a normal atmosphere. Between 8 and 11 months
after exposure ceased, the cellular reaction had been completely replaced by
thin strands of fibrous tissue. Observed still longer, the scar tissue decreased
in amount but in the last animal sacrificed, 37 months after discontimiing dust

exposure, some fibrosis was still visitle,

19. Infection (oincident with Pust - Inhalation. Of the group of 40 guinea

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

of dust exposvre and were reported in the paper by Gardner and Cummings mentioned



above. Seventeen of these ded from intarourrent pueuvmonia. Briefly, the re-

sulbs were as follows: 10 revezled sous ovidence of cpread of the tuberculous
process; in & of these it was confined to the lungs and in the other L the
abdominal viscera also wers involved. Ususrlly & siight local extbension of the
tuberculous infection had occurred but subsequent hezling had resulted in fi-~
brosis of both the pulmonary lesions and uhe secondary lesions in other organs.
The healed pulmonary lesions showed more Iibrosis than is characteristic of
either tuberculeosis or asbestosis alone.

The 9 animals which were still alive after two years of dust exposure were
sacrificed at intervals during the follewing year. In L of them the primary foci
of infsction had healed with fibrosis and even czlcificabion and there was no
evidence of progression. In the ather & the itubercrlous cei showed evidence of
having previously spread locally: in L of them it had healed, by the time of
autopsy, with excessive fibrosis; in the other animal there was a generalized
chronic tuberculous pneumonia in cne lobe and isclated primary tubercles, which
were still active but had not spread, in the other locbes.

Evidence of extension of the infection was first seen after 7 months of dust
inhalation; during the next 20 months more than half of the animals showed an
actively spreading tuberculosis and in 3 of them small cavities had developed.
During the last 8 ronths no animals exhibited any evidence of active infection
although in halt‘ of them the healed fibrous scars of previous extensions were ob-
vious. Sixby per cent of the guinea pigs with spweading pulmonary tuberculosis

showed tuberculosis of the spleen and liver.

20. Infection Superimposed Dpon an gstablished Asbestcsis. Twelve guinea

pigs, after in-
haling asbestos dust for nearly 26 months, were infected with tubercle bacilli and

then removed to normal air. The subpleursl tubsrcles in the dusted animals wers

\
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ne meore mumerocws than in nen~dusted convrols, buil a considerable number were
found in the depths of the lung about foci of asbestosis. The reaction to infec~
tien showed only 3light -local extension about the original sites in the lungs

and tracheobronciiial Iymph nodes. The abdominel viscera were involved in only
one animal, Caseation was found in tuberclss 1-1/2 months old but by 5-1,/2
gonths ih had completely disappeared; leaving only scar tissue. The latter still

persisted in the last animal, which was killed 1Y wonths atter infection.

2l. Asbestosis Bodies. Moderate numbers of zsbestosis bodies occuwrred in

the lungs of the guinea pigs, becoming mors numerous

and more distinctly segmented in later months.

22. Rabbits. Rabbits exposed to the ssbestos dust for periods up to 19
months developed a low--grade foreign-body tyve of reaction but
no fibrosis. Although their lungs contained particulate elements of ths dust,
fibefs were not present, indicating that the upper respiratory mechonism of the
rabbit is adequate to exclude fibrous foreign bodies. Two rébbits, arter inhaling
dust for 6 and 18 months, lived in normal air for more than two years. A4t autopsy
nsither animal showed any evidence of cellulaer reaction or fibrosis in the term-—

inal bronchioles nor were there any asbestosis bodies. .

23. Rats. All the white rats had acquired an infection, result;tng in the
formation of pulmonary abscesses, before they came to autopsy.

Apparently, so much heavy mucus obstructed their bronchi that very few fibers
could have entered their lungs. In a fewx of the rats, an occasional asbestosis

body was discovered bubt there was no fibrosis.

~-]2-



2. Summsry ané Inbverprebsbicn of Imhelabion Bxperiment with Kingt!s Floats Dust.

The findings in the experimsnt with King's {loats dust can be summar~

ized wnder three headings.

A. iEffect of the inheled dnsh on normal animels. The King's floats

dust caused a charac-
teristic peribronchioclar fibrosis in guinea pigs but not in rabbits or rats. The
fibrosis did not progress after the dust exposurs was discontinued and the guinea

pigs transferred to normsl air.

B. LEffect of the inhaled dust on tuberculosis in guinea pigs. In guinea

. ' pigs in-
fected with attemuated tubercis bmeilli and then placed in the dust room, the
resulis vere more variable than is usuwal in an experiment of this type., A few
animals showed no sign of progression; in most of them there was evidence of tem~
porary progression with subsequent healing; in one animal there was contimous
progreséion to death, iIn contrast, when guinea pigs, after being infected, are
exposed to quartz instead of asbestos dust, the infectious process continues to
progress and eventually causes the death of the animals. On the other hand, ex-
posure of infected animals %0 a harmless dust like calcite or gypsum does not
lead %o any progression.of the infection. Guinea pigs infected with attenuated
tubercle bacilii following .the termination of about two years' exposure to asbestos
dust did not develop vrogressive disease. The only modification of the infection
was in its localization, a few bacilli being retained in the fibrous tefminal
bronchioles and forming tubercies there in addition to the usual foci beneath the
pleura;

In view of this variability, the unusual nature of the response and tﬁe high
proportion of deaths from intercurrent pnewmoniz it is' felt that definite conclu~
aions as to the influence of asbestos on thes course of tuberculous infection are

not justified.

LY
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INHALATION EXPERIMENT WI‘XH SHORT~FIBER ASBESTOS DUST

Since hagzardous dusts like quartz are most effective in producing {ibrosis
when the particles are & microns and lesa in size, an inhalaticn experiment was
carried on to determine whether this condition is true also for asbestos dust.
It was thought that by using a short-fiber asbestos dust consisting almost en-
tirely of fibers and particles smaller than 3 microms en accelerated tissue
response might be initiated and en advanced reaction obtained in a short time,
The previous inhalation experiment with Xingis floats ashestos, which contained
fibers from 1 mm. to 1 micron or less in length as well 83 a great deal of par-
ticulate matter and which produsced a typical peribronchiolar fibrosis in exposed

guinea pigs, served as e basis of comperison,

26, The dusting material for this experiment was forwarded from the

¥anville plant of the Johuns-Fanville Corporation, It was the remeins
of fibers collected in dust bins after a caerding operation and screened to pass
200 mesh, Since the materiel as recelved contained many long fibers, it was
ground in a steel ball mill to reduce practically all the particles to 3 microns
or less in size. Then used alone in & stemdard dusting machine, this finely-
ground asbestos tended to pack in the hopper and it beceme necessary to mix one
volume of the unground material with three volumes of the ground to gensrate a
satisfactory dust cloud, The addition of the small quantity of unground asbestos
was unfortunats beceuse it confused the interpretation of results, Probably the
minor amount of feaction that developed was due to the lang fibers in the mixture

although the data of this experiment do not prove the point,

. .
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27. The composition of the shori~fiber asbegbos as received is disclosed by
the chiemicel and petrographic anslyses given in Table L. Samples taken

bafore and aiter grinding yielded about the same values on anslysis, Indicabting

that there was no contamination from the miil or losg of water content.

28. The dust concentretion varied somewhat during the experiment and light

field counts for atmosvheric samples collected inside the animad cages
with the impinger apparatus ranged from 83 million to 182 million. The average of
counts was 130 million for the first year of the experiment, 13l million for the

second year and 140 million for the third year.

29, Size~freguency measurements of air-floated dust from inside the cages

at a magnification of 1300X revealed a greal preponderance of fine par-
ticles (Tebie 5). Nearly 90 per cent of the particles seen wers smaller than 3

microns.

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

of animals -~ guinea pigs, white rats, cats ancd rabbits ~ were uged in
this experiment. The results of the dust exposure, which are swmmarized in

Table 6, will be considered more in detail below.

31. Guinea Pigs. Eighty guinea pigs were originally placed in the dust room
but 21 of them were later eliminated from the experiment
and killed becanse of enlarged lymph nodes. Of the other 59 animals, 46 remained
in the dust room until they were sacrificed or died from natural cav8es and 13,

after being exposed to dust for 20 months, were transferred to a normal aitwosphere.

32. Rate and Type of Reaction. The type of tissue reacticn to the inhaied

¥ ad



short-fiber asbestos was essentiallyv the same a3 that already observed in the
experiment with King's floats asbtestos. The rate of reactbion also was approxi-
mately the same but the exbtent of involvemsnt with the short~fiber dust was

very much less and after 16 to 2. months of exposure only & very few amall foci
of reaction, which generally required microscopic examination for detection, were
produéed in the guinea pigs.

Until exposures had continued for approximately one year, there was little
tendency for dust—containing phagocytes to collect into clumps. By 16 months
phagocytes had begun to colliect about the walls of a few of the respiratory bron-
chioles with a little proliferation or infiltration of mononuclear cells in these
walls. There were also some multinucleated cells bul they were always of the
inert foreign-body type. At 20 to 2l months the cellular clumps were sometimes
quite marked and sometimes changes in the epithslium resulted in the adenoma-~like
or "adenomatoid" appearance previously described in Section 17. In most of the
subsequent members of the series, the reacticn remained cellular in type. In a
few, however, fibrous elemenis dominated the picture. In the latter case, the
collagen was jale in color and tenuous with no heavy swollen hyalinization. As
in the rats described below, the aiveoler walls might be made up of a bind of
collagen supporting a layer of epithelium, but with no contained czpillaries. In

the tracheobronchial lymph nodes the reaction wes more pronounced in this experi~
ment than in the previous one with King's floats asbestos, probably because of

the traunsportation of an excess of fine particles to the nodes in animals inhaling
short-fiber asbestos. The reaction was essentially an increase in reticulum, rather
than a fibrosis, with preservation of the criginal cells between the thickened
reticular fibers. Diffuse chronic pleurisy without evidence of pulmonary infection

was present in a few animals.




33. Progression. In the 73--3/4 wonths following the cessation of 20 mwonths'
exposure Lo dust, progression of disease was not definitely

demonstrated but neither could it be absaliutely disproved, owing to the varia-
bility of the response in different animais. &0 the end of the dust exposure of
20 months two pigs were read @3 + and one as d+v. Among the 13 remcved from dust
the findings were variable: in 2 the reaction was *3 in L it was +; in 3 it was
3+4; in 3 it was L+; and in onme animal it was 5¢. It is quite possible that those
with the most marked changes had already sdeveloped more reaction than the remain-
der by the time exposure ceased, Since the more severs reactions occurred spora-
dically and bore no relationship to the length of time after cessation of expo-
sure the differences mré atiributed to variation in individual susceptibility.
This view received support from the chewical snalyses (Tatle 7), vhich often re-
vealed comparable amounts of ash and siiica in lungs with widely different amounts
of tissue change. For example, the ash and silica values were quite similar for
three enimals in dust 20 months and then in normal air 13—3/11 months, yet the tis-

sye reaction for one animal was Li+; for another, <; and for the third, only *.

3h. Asbestosis Bodies. The formation of asbestosis bodies was at first ex-

tremely limited. After 5 months' exposure only a
very rare short body could be found, usvally inside of cells. Around the finest
intracellular particles there were yellow deposits having the same color as the
asbestosis body. Ixposure of one year had permitted an accumlation of many longer
fibers about which the asbestosis-~body coating developed. Most of these were
atill short enough to be partially or entirely within phagocytic cells. By the
20th month and thereafter, they wers comparatively numerous although still rare

in comparison with the findings in the King's floats experiment.

L



3%, Wnite Rats. Seventy-three white rats were exposed to abtmospheric shori-
fiber asbestos dust for periods up to 32 months. Secri-
ficings during the first 10 months were made bimonthly and for the remainder of

the experiment at less frequent intervals.

36. Rate and Type of Reaction. The cust cells until 8 months were widely

scattered and existed in foci only sporadi-
cally. Reaction was limited to occasional slight thickenings of the septa about
small accumulations of dust cells. In & few rats at 10 monihs, there was a sug-

gestion of early fibrosis but the change was so slight that it would prooshly ba

overiooked without the clump of dust cells to atiract attention to the area.

Only 10 animals were exposed Irom 12 to 32 menths. In sach of them the lungs
showed mimute patches of well-defined fibrosis distribubed like that of asbestiosis
but without asbestosis bodies. The lesiocnsg, visible only at a magnification of
150 diameters or more, consiéted of patches along alveolar ducts in which the walls
of the air spaces were very thick, due to swollen collagen framework. Conuechive
tissue and Foot-Bielschowski silver preparations revealed complete loss of capil~-
lary bed locally. Oubtside the éonagen was a thin layer of epithelial cells.

This did not resemble the "adenomatoid” change characteristic of guinea pig as-
bestosis., No pleurisy was present. Near the lesions the air spaces were {ilied
with phagocytes containing gray to yellow particulate dust and a rare long naked
asbestos fiber. Careful search failed to reveal even a'v'suggestion of an asbesto-
sis body. The tracheobronchial nodes showed compé.ct. focal collections of mbno-
cytic cells at 12 months and, at 20 months, some diffuse thickening of the
reticulum. In a few rats there was definite fibrosis along the margins of the
node and extending into the mediaa;oinal arsolar tissue. Compared with the response

to active dusts like quarts and chert the reaction to.short-fiber asbestos was

negligible.

18-
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values Jor rate inhsliing other duste. The concencvrabtion of atmospheric particles
To vhich the splmdls weve SXposed Pus opnroxmimacvely ihe ssme for asbestos and
guartz: for the gyosum-cusrtsz mizturs, it was aboui iwice as high and for chert

five tires as hisgh. It wiil be noded that the osrcentages for asbestos are lower
than thoze for qrariz or chert but are similar to those for the gypswm-guarts
mixture, in which atmogpheric aggluitinatior tended to reduce the amount of dust
inhaled. It might be inferred that the tobal quantity of asbestos dust inhaled

was low or that it had been eliminated frow or dissclved within the Ilungs., In

the present state of our knowledge evaluation of these hypotheses is not possible.

37. Cats. Twerty cots wove wsed in this innalation experiment with the
short—fibver asbestos, Lighteen were kept in the dust room wmtil
death, “he exposure peried ranging from one month to nearly b1/2 years, and two,
after a dust exposure of 21-1/2 months, were removed 1o normal zir. One of these

was sacrificed S montns, and the other 2 months, later.

38. Rate and Typs of Reaction. The reaction was sssentially that to an inert

dust, even after more than L years of expo-
sure. The tissue response in this species was confined to microscopic foci of
fibrosis in the walls of groups of subpleural aiveoli, rather than in the peri-
bronchiolar areas. In one animal the change was extensive enough to be visualizad

on gross inspection of the section.

39. X-Ray Changes. Only in the animal with the longest exposure did the

X-ray reveal definitely abnormal shadows. After 29-3/L
months the picture was negative; after 45 months a faint mottling could be detected

throughout both lungs. At auvbepsy, ¢ wonths lalor, there was only wmicroscopic

-1 Qe
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L1, Rabbits. Eight rabbits were expozed to cust fox pericds extending from
one to more than five ysars. The last aniwal was revoved

from the dust roow and left in pormal air 6 months before being sacrificed.

h2. Rate and Type of Reaction. Thare wsa never enough fibrosis to be de-

bected gres;ly &G there was no chrorie
adhesive pleurisy. Microacopic evidence of slveolzr well thickening was first
detected after about 3 years of erposure and was seen in 21l five animals exsmined
theresafter. In oné animal that died of pzralysis alfter nearly four years of ex-
posure the reaction was exbtensive enough tc be visible on gross inspection of
tissue sections. The possibility of pulmwnary infection in this animal could not
be excluded. However, in another animsl dying two years later the focal fibrosis
was not nearly as obvious or as advanced. 4Areas of involvement, which were
largely visualized because of phagocytic reaction within the air spaces, tended
microscopically to become more fibrous with the pasaaée of time but there was

never much encroachment upon the lumen of air spaces and the architecture of the

lung was presepved.

;3. Asbestosis Bodies. Asbestos bodies were not detected in rabbits that

died early in the experiment but were seen in all

aninals that had besn exposed to the dust for more than three years.
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44, Summary end Interpretation

Tho original purpose of the experiment was to evaluatis the chemical
theory of the pethogenesis of esbestosis, I was felt that if the tissue remc-
tion to asbestos were chemical in origin sn sccelerated or acoentuated response
would reaully from exposure to finely-divided asbestos, as is the case with guarts,
This expsriment, in which the reaction was slower and less extensive than with
King's floats,'indicates that the resgotion is not primarily chemical in noturs,

0f the four species exposed in this experiment only the guines pig

and rat reacted with charactoristic peribronchicler fibrosis, The cat reacted

_with atypical sube-pleural fibrosis =nd in the rabbit the fibresis which occurred

could not be positively attributed to the dust becauss of a strong possibility

of pulmonary infection,

4

INHALATION EXPERIVEKRT WITH 100 PER CENT BALL-MILLED ASEESTOS TUST

In the inhalation experiment with shori~fiber asbestos dust a small quantity
of unground asbestos was mixed with ground material in order to produce a suitable
dust cloud, %hen evidence of a dust reaction appeared in the guinea pics during
the exporiment, it was not clear whether this was a tissue response to the smell
number of long fibers im the unground asbestos or was = delayed effaect of'the more
abundant fine dust., Consequently, another inhalation experiment was started in

which ne wnground material was used,

46, The dusting material was the ground short-fiber asbestos used in the

previous inhalation experiment but no unground meterial was mized with
it, 7o obtain = sufficient amount of atmosphsric dust, the design of the dusting

apparatus was changed to an open type of hopper and fresh dust was added daily,



Lte fere omal” simerules which prevented

maeh of the Librous portion Jvom fisshing oud of ths nopper, the dispersal of

the dust was nol antirely saiisfactory znd =feer 7 menbhs of operztion, the dust-
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To prevent "pilling® or the

3 were attached %o the in-

. This axrangement gave

7. The com

heric dust liberzsted from the nall-ndlizd product in the dustineg ma-
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chine is given in Tablse 10. These valuces ars bhased upon petrogsrapnic study and
g

X~ray diffraction analysis. The almospharic sample wae collected with an elesc-

¢ biuslies hiad been instelled in the dusting

trogtatic precipitalor

machine. Previous to this, the chrysotile content of the alr-suspended material

@

was undoubtedly lees than the 15 per ceri value given in Table 10. In an inter-
im report, it was stated that the esir-borne dust contained about 5 per cent of
chrysctile before the sire brushes were used and up to & per cent afterwards, bub
these values were prcbably low. Quantitative estimates on ball-milled asbestos

dust may be gomewhat inaccurate because it is difficult to determine how much

of a dust sample is fibrous chrysotile and how much is non~fibrous serpentine.

L8, The dust concentration for the first 7 months of the experiment was

about 100 rillicn particles per cubic foot of ‘air. After the wire
brushes had been installed, the dust counis were a little higher and the overall
average for the first year was 106 million. The average of counts for the second

year was 163 million and for the third year 1LS million.
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in Table 11, Two samples werc tsken, ore beitee the wire brushes were installed

e

ang one after. It wiill bs noted thast aiver Lho wire Drushes were in use a

greater proportion of very fine particlcs znc also of longer Iibers was released

-

into the air.

50. Reaction in Animals 4o Inhaled 100 Per Cent Ball-Nilled Asbestos Dust.

Cuinea pigs, rats and mice were used in the inhalatior experiment with
the 100 per cent ball-milled asbestos dust. The results are sumrarized in

Table 12.

sverted with 100 guine= pigs. A4s the

o)

tl. Guinea Pigs. The experiment was
dust exposure proceeded, there were 39 accidental deaths,
32 of preumonia in ap epidemic. After 23 months of dusting the 15 surviving

guinea pigs were transferred to normal air.

52. Rate and Type of Reaction. For the first year of exposure practically

the only reaction Lo the dust was the pre-

sence of scattered phagocytes and an occasional minute asbestosis body. At 16
and 20 months no gross rasponse was vielble on the tissue section but microscopically
peribronchiolar foci of inflammatory cells could be seen. At 23 months there was
still no change large enough to be seen with a hand lens élthough microscopic
examination revealed cellular accumlations zbout terminal bronchioles and many
more asbestosis bodies, chiefly within cells.

Chemical analyses of the lungs (Table 13) reveal that in spite of the

limited tissue reaction considerable dust had besn retained in the lung.
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of L aninals showsd grossly-visidle charachteristic peribronchiolar fibrosis wiil.

adenomatoid change.

Sk, Lymph Bods Involvement. The tracheobroncirial nodes were essentisily

negative wbil expouure had been convinued
for more than a year and a half. Animals sacrificed 2zt 12 months .and 16 months
revealed a2 few minute collections of phagocytes containing particles but prac-
tically no fibers large enough to be recognized as svch., After 20 months of
exposwre many monocytes {1lled with yellow granules were present. 4% 30 moniis
there had been & slight increase in reticulum but no fibrosis. Wo further changes
occurred in the nodes. Asbestosis bodles were not seen in the nedes of any of

the guinca pigs.

34
o
i

55. Asbestosis Bodies. Himmte asbestosis bodies were observed as early
3 months after exposure began, but they did nol he-
come mmerous until 16 months had elapsed. The bodies were short and practically
2ll were intracellular, although at 20 months some were long encugh to project
beyond the cell borders.
It is important to note that in the later months of exposure there was a dis-
tinet incrsase in the number of long fibers (ip to 70 microns in lengbthyin the lungs

and that after exposure ceased characteristic long zsbestosis bodies were seen.

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

up to 20 months and 2k mice for pericds up to 12

-2}t
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In 2} mouse lunes sootionaed thers wern 3 instances of pulmonary adenoma (L4E).

57. Summery znd Inbernwetation,

’.3

The tissue reactionn cbserved in this experiment were much less extensiv
and slower in development then in the previous investigation with short-fiber
asbestos. Since presumably there were lerer ibers longer than 3 wicrons in ths
material used in this experiment, the resulis tend to confirm the interpretation
made in Section Ll of the shori~fiber experiment that the reaction is not
primarily chemical in nature.

The finding of long asbestesis bodies irn animals inhaling the ball-milled
material. is an example of the difficnlty of completely eliminating long fibers from
an asbestos preparation.

In regard to progrescsion of reaction after removal from dust, which was ob—
gerved in this experiment but wot in the others; the followipg interpretation is
offered: Vhen the reaction is well~developed at the termination of exposure,ths
contraction of the fibrous tissue would obscure any possible progression. In this
experiment, however, since only the earliest stage of reaction was present at the
time of removal from dust, its subseguent progress was apparent. It should be

noted that the degrze of progression was go slight that it can have little, if

any, practical significance.



LVIII 76

IEHALATTICN BIPSHIVENT vITH LOMA-FIBER ASRUSTOS DUST T

After animals inhaling short-fiber asbestos dust for wore then a year had
fziled to davelop significant reaction, the hypothesis that asbestosis is gre-
duced bty tha mechanical irritstion of long fibers wee jiven added swpport,

Since the Xing's floats ssbestos used in the first inhalation sxpserient hed
& rather low content of fibrous ohrysotils and contained considerable serpentine
and other‘impuritias, it wae decided to conduct s new inhalation sxperiment with

a purer form of chrysotile which would be richer in long fibers,

53, The dusting material employed in this invegtigation was obtained from

the Manville glant of the Johns«Manville Corporation, Semplss cf se-
veral waricties of asbestos dust were first sugmittad to the Sarsnsc laboratory
for exeminetion and one kind, identified as Lot D, which was low in magnetite
and chreomite and had a fibrous content estimated to be about 75 per cent, wes
selected as moat suitable, Steel wire brushes were fastened to the inside sur-
face of the hopper end to the rotating paddle in order to open up the bundles

of asbestos and libarate more fihers into the atmosphere,

60, The composition of the long-fiber asbestos gsed in this experiment is

indicated by the chemical and petrographic enalyses given in Teble 14,

It appeers that this material wes 2 much pufer form of asbestos than the short-
fiber dust used in other experimente, Thi# is borne out by comparing the approxe

imste analyses of the long~fiber and short-fiber dust in Table 15,

61, Thes dust concentration as revealed by impinger samples taken inside the

animal cages was much lower then the concentration for the experiments
with short-fiber or ball-milled dust, For the first year of the experiment with

lomg-fiber asbestos the averege of the light fisld counts weg 32 millicn; for
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vear, 42 million. Examination of “ne ‘mpinmse: ssnples with dark field illumin-
ation disclosed that mary fine varticies lLess than one wicron in size accompanied
the larger particles and dark Tield coun’s -2, on th: aversge, about S or 6

times larger than the light field counbs.

62, The size-fregquency of atmuspheric samples of the long~fiber asbestos

dust and of the ball-willed dush is shown in Table 16. Foth samples
were collected with the elecbrostabdic precizitabor. It will be noted that ther

wag far more fibrous material in the lonz-fiber dush.

63. Reaction in Animals to Inhaled Long-Fiber Asbestos Dust. Guinea pigs,

cats, rats and mice were employed in the inhalation experiment with
long~fiber asbestoa. Resuits of the experiment, summarized in Table 17, are

described in greater detail below.

64, Guinea Pigs. The experiment was started with 100 guinea pigs. After

exposure had been carried on for 2 year; a severe epidemic
of pneumonia arose in the dust room and about one-third of the animals died or
were killed. To replace them, 38 more guinea pigs were added to the surviwing

group in the cdust room.

65. Rate and Type of Reaction, Histological examination revealed grogsly

visible lesions in the lungs after 8 months
of exposure to dust, consisting of cellular infiltration about the terminal
bronchioles. At 12 months, there were adencmatoid changes in the air spaces and
by the 16th month a definite fibrosis was present in these areas in halfi the
animals, The fibrous lesion could be sezn macroscopically at 20 months. From

this time on the reaction increased in extent and in the amount of collagen and
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by tne Zhth sonbh, it hod .
nc tendency te fuse, ever in animels exposed for the mavimum pericd (3 years).
aitheugh the intre-puisy cary veaction sometimee reached the pleura, there mas no
involvament of thab mribrene. No emphysexa was visible at any point. Some
thickening of the laryer bronchi nt’q a chrenic inflaxnmatory infiltration was re-
vealed, hut it probeily was no mors than would be produced by a simijar exposure
Yo any dust., FPor t'n first g months the phagocytes consisted of monocytes or
very small giant cellas; later, giant csll formaticn was more prominent. Lfter

16 months the gian, cells were large, filled with yellowish~browm pigment and
sometimes vacuolat:d. An occysional animal showed an admixture of polymorpho~
auclear ‘eukocy..s a:_lr:i, in grinea pigs exposed for & conciderable perioc,
eosineohiles. The reaction was at first entirely cellular but by 16 months fi-

brow: tisgum formation was definite. However. it never atia'ned 2 stage of

hyaliaigation suggestive of silicosis.

A mr.erate individual variation occurred among the exposed ayimals, both in
the ra%: of developing lesions and in the stage of development attained at the
end o exposure.

Analyses of the lungs (Table 18) disclosed that slthough the tissuc response
was much greater in these guinea pigs than in those exposed to either shor i-fiber

or ball-milled asbestos, the amount of mineral matter in the lung ash was lcss.

66. Progression. In guinea pigs exposed to the dust for 20 months and thsn

removed to normal air, there was a marked tendency for
cellular inflammatory reaction to clear. This effect, accompanied by contraction

of the fibrous tissue, resulted in a diminishing size of the focal lesions. None

~28



of these animels,Billed at warious pericds up to 14 nmonthe efter exposure,
revealed lesions os large as thosz iz tho group sAcriliced at the end of the

>

20-mon th axpesure pericd or thosge in eniwnls which remained in the dust room
for more then 20 months, Fourtesn wrentns efter dest exposure csazed, the foci
in four of the six remesining guiree pige were sco amall that they were visible
only with & hand lens,

Reaction in the group exposed for 27 monthe and then transferred to a nornal
atmogphere was quite similar tec the response in the 20-month exposure snimals
mentioned sbove, .However, small Pocl were alway2 visible on grosz inspection of

gectiona of all guinea pigs of tho E7-month series but in no instance was there

evidense of extension of the reaction,

67, Lymph Xode Involvament. Heacilon in the tracheobronchial lymph nodes

wes Mrst visible st the third month of ex-
posure, At the 8th month patches of cellular connective tissue begen to appear
in the medulla and by the 14th menth most of the node haed been replaced by
cellular connective tissue, This plcture, whish resembled that in early silicosis,
persisted to the end of the experiment, Some snimals, as a variant, showed heavy
sheefs of diffuse monocytes and largs sctive glant cells but thers wea never eny
necrosis or hysline formation. The spindle-~sheped new cells were yellowish in
color from fine pigment grenules that stained for iron, No fibers or asbestosis

bodies were sean,

68, Asbestosis Bodies. Although asbestosis bodies were seen in the lung as
serly as one month sfter sxposure bepan, they were
rare and hard to find, At b months more were «wieitle, chieflly coiled inside glant
cells, and at 8 months many bodies were fres in couneotive tissus, They beoames
fairly ebundant as exposure continued althougﬁ in some lhter enimals the asbestasis

bodies were only moderately numerocus,
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70. Rate and Type of Resetion. Ixposure for ML months was sufficien
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cl-

mrocuse callular accwymlebiops of phagocyhes
around terminal bronchiolss and periphersl artericles together with compact col~
lections of similar cells in the trachechronchial lympn nodes. &% that time there
were no typical asbestosis bodies, but smooth pointed yellow fibers were secen very
rarely. With continued exposure, up to 42 months, reaction in the locations noted
progressed to the formation of cellular connective tissue which made well-~defined
sheaths about the respiratory bronchioles and arterioles, marked lymphoid hyper—
plasia and lywmphoid infiltrabion of bronchiclar walls. The bronchiolar epith~
elium was low and flattened, giving the tubes a smooth contour. Typical asbesto-
sis bodies were not formed although there was au occasional yellow, smooth,
pointed fiber. No plesurisy was present. The reaction was similar in location to

that in the guinea pigs, but fibrosis was much slower in development and had not

reached the same degree of maturity. ,

(L. X-Ray Changes. Roentgenograms of three cats were made after exposure

periods of 25, 32 and L2 months, but tissue changes were

not dense enough to be seen on an X~-ray film.

72. Rate. Although 20 rats were placed in the dl{lst room, many died fror pneu-
monia and were nof suitable for study. Five animals, of which one
was exposed for 19 months and four for 25 mrnths, were free from pulmonary infec—

“ion and offer a basis for conclusions.



73, Rate and Type of Reaction, A1l Four emimals sacrificed at 25 months
| showed a well-merked peribronchioiar fibrosis,
In the 19-month snimal, reaction was just beginning, Asbestosis bodies were
prectically abeent at both 19 end 25 monide although twe small smocth bodies were
found in the 12-month animal after a long search, Thus, theee animels exhibited

fibrosis without asbestosis bodies,

74. Mice, Out of 20 white mice used in this experiment, 1t lived a year or

more in dust and died or were killed without showing ew appre-

cisble degree of pulmonary infection,

75. Rate end Type of Reaction., Remction was limited te phagcoytosis by

mononuolear cells, Ususlly these were wide-

ly scattered through the air spaces; e limited number were grouped about the ter-~
minal bronchioles producing some thickening of their walls, There was no sug-
gestion of fidbrosis, |

Rumerous asbestosls bodies were observed in snimals killed lete in the experi=

ment, Thus, these animals exhibited asbsstosis bodies without ﬁbrésis.

76, Summary and Interpretation,

The purpose of this experimant was to eveluste the importamce of long
fiders in the tissue response to inhaled asbestos, The results indicate strongly
that long fibers are chiefly respomsible for the resction, Thus, iﬂ guiner pigs
reacticn developed e@rlier and becews ploras extensive than in previous experiments
in spite of a smaller doncentration of atmospheric dust axd a lower mineral con-
tent in the lungs, Furthermore, a tyéical peribronchiolar fibrosis was produced
in cats although in a previous experiment with short~fiber dust it did not develop
in this species, )

The cause of the eellular fibrosis in the lymph nodes of the guinem pigs is

not clear, It did not ccour in other inhalation experiments with asbestoe,
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LXXVII
INJECTIORN EXPERIWENTS

In order to determine o what extent the varicus ibrous minerals possess
the capacity to produce tissue dsmage, nwmerous injection experiments were per-
formed, In these experiments guines pigs &nd rabbits wers used and the mineral
dust was injected by the intratracheal, intraperitonesl end intravenous tech-
niques, For the purpose of simolification the findings in each sories of tests
have been condensed and repcriad in tables, to which reference will be made

later,

78, fExperiments Using Intratrachesl Teclmigue,

Since the asbesto2 minerals do not cause a typical edvenced fibrosis in
extra~-pulmonary tissue, the intratracheal technigue is the preferred way of in-
troducing fibrous dust into the experimental animal, In this msthod the dust
suspension is injected by msans cf a special needle or catheter deep into the

trechea, from which it flows into the lungs, °

79. Comparison of Fibrous snd Non~Fibrous Dusts, To demonstrate that the

ability of asbestos to
produce fibrosis resides in iﬁs fibrous charscter, the seriesg of injection experi-
mente reported in Table 19 were performed, The tests were made with unheated
long-fiber chrysotile and with chryeotile that had been .i..gnited to destroy its
flexible struoture or ball-milled to reduce the length of fiber to 3 microns and
less, At the same time oomtrol teste were mede with serpentine, which has the
same chemical compositionv &8s chrysotile but is nen~fibrous, A review of the
findinge reveals thet only the unheated long-fiber chrysotile produced fibtrosis,
Fibers subjected to ignition or shortened hy ball-milling had lost their capacity

to cause serious tissue damege, Ignition produced important changes in the

-3



chrysctile fibvers, among them being losy of weter, su alieration from a flexible

to & brittle structure end possibly other cranges,

€6, Comparison of Varicus Long~Fibar busts, Soms very interesting findings
Py (5] ‘- [5e ] (53

are disclosed by the results of
the.experiments included in Table 20, Firsv, all the long~fiber asbestos minerals
tested, with the exception of anthophyllite, produced a typicsl fibrosis, It is
not entirely clear why anthophyllitc bchaved differently from the other asbestos
minerals, Unfortunately, 5 of 8 animals died of pneumonia within the first two
woeks of the experiment end the remaining enimals were sacrificed ét 1, 8 and 12
months; thus observations were not made at the optimum periods of 2 and 4 months,
Second, with the mineral brucite, which is not a silicate hut is a fibreus
form of magnesium hydroxide, a characteristic fibrosis like that of the asbestos
minerals was obtained, Since the brucite used contained only 0.90 per cent silica
(es an impurity), it is obvious that a siliceous component is not an esssmtiel
factor in.the development of asbestosis.
ird, no fibrosis resulted from the injection of glasgss wool fibers, even
though glass wool resembles asbestos in scme ways, There are fundamental differ-
ences, however, A glass wocl fiber 3 microns in diameter is & solid rod and, in
short lengths, is fairly rigid, while an asbestos fiber of the same dismeter is @
bundle of extremely fine filaments which impart to the fiber e high degree of flex-
ibility. It would seem that this structure and the associated flexibility are

important factors governing the capacity of a mineral to produce peribronchiolar

fibrosis,



81, Comparison of Long-Fiber and Shorv-Fiber Dusts, With querts dust it hes

been demonstiated that
the smaller the perticles, the more intenso is the tlssue reaction, and thel therc
is little reaction to particles larger than & microms in diameter, ' In ths case
of asbeetoe, however, the reverse is true and spparently oaly long libers have
any speeific cffect, This is confirmed by the dats of Table 21, in which = serics
cf tests with fibrous minerals is rsported, Vhen the injected dust consistsd of
fibers 20 to £0 microns long, ell the minerais Yested {except anthoghyliite, =s
noted in Section 80) produned a fibrosis; when the material wes prepared by [irst
grinding the {ibrous dust wuntil the length of fibers was reduced to 20 miorms
and lest (or, in some cases, 3 microns snd less), none of the injected mineral

dusts csused {ibrosig,

82, FExperiments Using Intravenous Technique,

The experiments, described in Table 22, in which the intravenousz method of
injection was employed, show that the asbestos minersls are far different Irom
quartgz in their action on tissue, It hes besen repsatedly demonstrzted that
intravenous injection of quarts particles 3 microns and less in diemeter will
cause a typical tissue reaction with the dévelopment of hyslinized fibrotic lesions
in extra-pulmonery sites, such as the liver and spleen, Ashestos minerals, however,
on intravenous injection gemerally produce oniy 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 chrysotile particles ie not clear; it may have beern csused

by eilicic ecid liberated by the finely~ground mineral,
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=

specific phastes of the ssbastosis vroblem,

86, Protective Aotion of Aluminum Compounde

Intratracheal injection of e svspernsicn of long~fibsr chrysotile +o which
colloidal aluninum hydroxide had been sdded revealed that the addition of the
alumintm compwund did not prevent the tissue irritation produced by ohrysotile,
If anything, vhe acube inflsmmatory reeponce to the injected fibrous mineral
was acseleratod, Ons month after the lsst injoction of the dust suspension the

bronchiolitis was beooming fibrous,

88, Formation of Asbestoais Bodies,

The iron in the costing of the ashesieis body aspears to be dsrived from
& 2 )

blood o tissue elements and not, a8 hes veen suggestzd, from ithe mineral fiber,
Following subcutaneous injection of twe kirds of chrysotile into the groin of
guines pigs - on® kind centaining 2 per cert end the other 0.2 per cont Feplge-

the ashestosis bodies wore equally numeroug at both sitees of injecition,
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LEXXVIT
THEORY CF IRRITAYKYT ACTIOR

Iwo hypolheses have been propesed to explain the tissue irritetion and rese~
tion caused Dy asbestos fibers: the chemicsl snd the mechanicel, In the chemical
theery, which is based upon experience with quartz, it is assimecd that the aaz-
bestos minerals dissolve in the body fluids and that in this process their bases
are lesched avey %o leave silice in a form capable of irritating tissues, Accerd~
ing to this Lypothesig, asbestosis would he merely an indirecs gilicusii, Several
facts maka the chemisal theaory untenable: (1) intratrachesl injections of True
¢ite fibsrs, vhich had a silice content of only 0,80 psr cemt, esuzed a fypierl
fibrosis like that produced by the asbeztos minsrals; {2) free-3ilics purticlss
increase in pciency as the particls sise beccomes less, bub agbpesios liboers

shorter thzn sbout 10 to 20 microms are relatively innocuous; {3} aluminum



hydroxide neutralizes the irritating sifect of guartz bul not of schestos;
) B

{4) serpentine hag bthe ssme chemical composition as long-fiber chrysotile buib

1,

it does not produce the seme kind of tiesue rsacticn; (%) thers is a wide rapge
in the chemicrl composition of the minerals which do cause ashestosis (see
Teble 24), Ir view of this evidence it scems more likely that asbestosels is
ocaused by an vpusual mechanical irritation froum lonpg asbestos liherz; this
irritstion being related to the peculiar rilamsnted suructure of the fiber and
the associated Plexibility, vhich are possessed by mo other foreign body, For
exenmple, ignition of chrysolile fibers changed their structurs and made thenm
inert while the same fibers, before being heated, produced fibroszis (se Tabls
19). Further support for the theory of mechenical ireitation iz thet ssbostosis
ocours in en organ of high mobility - the luag ~ and *hat a fibrous reaction cen

be produced by injestion of asbestos fibers into the peritoneum, whers there is

also a degres of mobility, but not in cther extra-pulmonary orgene,

LXXXVIII
CO¥PLICATIONS

The experimentel investigation with asbestos minerals was concerned primerily
with the effect of the dust on normal tissue but scme attemtion was given to

othsr phases, such a3 susceptibility to infection and occurrence of malignancy,

89, int‘ectior-..'

The only experiment in which the effect of inhaled a.sbe'atos dust ou a pule
monery infection was studied was the first inhalation experiment, carried on with
"Ring's floate" dust, It is, perhaps, wnforfunate that infection studiss were

not made in the other inhalation experiments also,

Ty
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21 a cust on tuberculcus infechion, would be placed belcw an acbive dusd Lz

quartz bub abeve inert dusts, such as caleite and
with alienuated tubercle bacilii, quartz will cause tha infeciious vroces: 6o
Trogress until the animal dies of tuberculosis. Insrd cdusts will hawve uo effect
or the infection ard the lesions will usually heal and the diszease disarpesr.
Agbastos duut is in a different category. Yhen the filrocs dust was being io-
halzd during the evolubtion of the infection, thare was & spresiing of the Suber
culous process for a time bub usually the stimulus for cortinued proiifereiion of
the tubercle bacillii was no t susteined, the progression was errested and healing
followed. In guinea pigs infected with attenuated tubsercle becilli fellow'nz the
completion of nearly thres yesrs cf exposure to asbestos cdust. progressive dissese
did »ov develep., The only modification of the infection was one of locelizaiticon,
a few bacilli veing retained in the fibr@us terminel bronchicles and formirg

tubercles thera in addition to the ususl foci beneath the plewra. Such tuberclies

=

healed in a few months and there was nothing to suggest any influence on the

e

comrse of the disease.

91. Susceptibility to Non-Tubsrculous Infection. There was no poirted ex-

veriment concersing he
effect of inhaled asbestos dust on non-tuberculous infection. Intercurrent jmeu-

monia among animals exposed to asbestos dust was rather common, the Irequency” in

guinea pigs exposed in Lhe four *nhalaulon experiments ranging from 16 o 33 per

1 P



cent, This intidental evidencs suggests the peaeibility of an effect of
asbesbos dust on nonetuberculouvs infection, Fevertheless, since such epidemics
are not uncormron in irhelation experiments with other dusts and even in the
colony of normsal animale, it ig Pelt that the inhalation of esbhestod dust does

cant elfect on the susceptibility to non~tuberculous

e

Lty

not exertv & sigrif

pubmenary infestion,



XCII
UM ¥ARY

Owing to the veet amount of date includ'c:d in this repert it zcoms most
convenient to state a3 precisely as possivle ’uk,.'.e various points wnich emerged
from the invesbtigotions snd, when necaessary, follow each with a brief resums
of the evidence,

A, Various forms of asbestos fibers produce a peribroenchiolar fibrosis of the
lungs of guinea pigs, rats, cate and rebbits bubt not of mice znd dogs,
Both inhalation and injection sxperiments provide ample support

for this statement, Figures 5 and & show the reaction to two dif-

ferent kinds of asfbeatoe mineral in the guinea pig lung, Similar

but lees extensive fibrosis occurred also in rats, cats and rabbits

(Table 1), Nice and dogs failed to respond, This variation in re-

sponse of different species to idertical dust exposures is still to

be acoounted for,.

B, The mode of action of the asbestos fiber ig primarily mechanicel rether than
chemical in nature, : %gg 2

The evidence f&r this 48 givem in Section LIXXVII, Figures 1,
2, 3, 4 and 7 illustrate the importent points, The fibrous fila-
mented structure of asbestos pleys an essential part in the irri-
tating action, since the solid ﬁbers of gless wooel do not produocs

fibrosis (see Figure 8),

G, Long asbestos fibers are essentiel in the produotion of peribrunchial fibrosis;
short fibers are incepsble of producing this rexzction,

Expsrimental evidence disoloses that fibrosis develops follow-
ing the injsotion of asbestos fibers between 20 and 50 micronsin
length, but not following injaotim of particles less than 2C

. microns, (Tables 21 and 23), This shows that the capaeity to pro-

dvce fihrosie davelops somevhere betwsgen 20 and 50 microune,



Pojnted studies have not been carriezd subt to determine the upper
1imit of effective fiber length, It appesrs, however, that that
limit will be determined by the inhala®ility of the {ibsr,
D, Typical experimental ashsstotic ftbhrosis was produced by the irhalation of
an astmospheric suepension containing an averegs of 138 million particles

per cubic foot of zir of which only 0,6 per cent consisted of fibers longer
than 10 microns,

In the inhalation experiment with 130 p=r cent ball-milied
agbegtos dust containiag 0,6 por cent of fibers longer them 10
mierons (S?cticn 45 to 57 inclusive) a typical fibroeis wes ob-
tained (see Table 12), The evidsnce presented shows et least that
an atmospherio concentration of asbestos dust conteirning 0.8 mil-
lion (0,64 x 138,000,000) fibers greater than 10 micron%per cubic
foot of alr is cepable of producing éxporimental asbestoeis, The
actual lower limit of concentration of long fibers necessary to
produce asbestosis cannot be established on the evidence available,

E., The duration of exposurs required to devslop ths pulmonery reaction to in-
heled asbestos dust is :inversely proportional to the concentration of long
fibers in the atmosphere, viz, as the concentration is increased, the
reaction develops in shorter time,

Evidence for this statement 1s presemted in the inheletion
experiment with Long-fiber Asbestos Dust (Sections 58 to 76
inclusive), Study of the size-frequency of the long-fiber dust
disoloses that it contained 6,7 per cent of fibers greatéé than
10 mioroms in length (Table 16), The lungs of animals exposed to
7this dust revealed that the pulmonary reaotion developed in approx-
imately one«half the exposure time required for its development in

animals subjected to the ballemilled dust,which contained only 0,6

par oent of long fibers,




%)

. Esteblished experimentel asbestosis censsgto progress on disceniinuing
exposure tc the dust,

Fividenge shows in fact that on discontinuing exposzure there was
an apprecisble clearing of the maturc pulmonary jesions dus To
contraction of the fibrotic reamction. In centrast, sn immeiure
tigsue response gonsisting primarily of cells with iittle or no
fibrosis continued to progress, It is assumed that following at-
tainment of fibrotic maturity, the same proceszs of contraction

would ensuw (Section 57).

G, The formation of asbestosis bodies répresents & coeting of the fibers by
blood and tissue elements which results in loss of ability of the fiber
to produce fidbrosis,

Intratracheal injection of asbestcsis bodies failed to produce
the typical asbestotic tissue ieaction in experimentel animals
(Section 86). The cessation of progressive reacsicn to inhaled
ashestos dust soon after exposure terminastes may be due to the

formation of asbestosis bodies,

H, Aluminum hydroxide failed to neutrelize the fibrosing astion of the long
fiber asbestos (Section 85),

I, Inhalation of ashestos dust did not alter significantly the final outcdme
of experimental tuberculosiaz in two series of guinea pigs exposed,

This interpretation is in distinct contrast to the stimulating
effect of inhaled quartz upon a tuberculous process in the lung., It
must remsin tentative, however, since it is based upon evidence
limited to two series of guinea pigs exposed to only one kind of
asbestos, namely "King's floats” (Section 19-20, 90), Reference to
Table 3 shows that when infecotion was coinecident with onset of dust
exposure, there was temporary progression'of the infectious prooess
with subsequent healing; when infection was initisted after 25-3/4

months of dust exposure the course of the tuberculosis was not

(Continued on Page 428)
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sengitive test

tc sshestes dust feiled te demonstrate that such dust

had en adverse influence upen & tubsrculous infection, Thus, thers

is strong evidence irn auppori of the interpretation, Howevsr
recommended that further investigation be undertaken to estab
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T8 LONGS OF MAW AF

Modo of Exposure Fibrosis Agbentoals Todies
Inhziotion iy KBS
Inheletion and injoction e+ 3

n 4 5 .

i ES N
Inhalation & x
Inhnlation and injection + ' . 0
Tajection 0 0

% Very small atypical asbestosis bodies.
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Table g

ot bt vyl oy

SIZE-FREQUENCY CP ATVOUPAERIC DGST

WHALATION EXPERIMENT WITH SHORT-FIBER ASBESTOS

Size Horth wall Bagt wall South wall
microns per cent per cent per cent
< 1 50.1 60.8 70,3
1-2 24,5 18,8 14.0
2-3 12.4 10.4 5.5
3«5 ot 6,1 4.2
5«10 3.9 2.7 dcd
> 10 ._igl l.2 - 2.6

100.0 ' 100.0 100.0

A
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Dust exposure fol-
lowed by a pro-
longed residence
in normal air.
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1 rabbit
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62

13-2/3
nonths

24

Progressiocn atf'ter re-
movel from dust Qoubte
ful: neither clearly
established ner defin-
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Same s for continuous
SFDOBULES, -

Similar to continuous
exposure; evidence of
8light regresaion.

# Exposure after 33 months was %o 100 per cent bell-milled asbestos.

*#* Reaction probsbly due to
which was mixed with the
satisfactory dust cloud,

long fibers in Yhe waground material
ground asbestos dust to produce a
Refer to text, page Li .
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Tahle 7

—————

AMALYSES OF LUNGS OF GUINEA PIGS
AFTER PROLONGED INHALATION OF

SHORT-FIBER ASBESTOS (C_HRYSDT 1E)

Time from osinming
months monthe months
12 15 20
Exposure to dust 2 18 20
Feriod in normal air 0 C G
per cent |per cent per cent .
Amount of ash '~
Dust (per cent of dried lung) 5.02 5,00 5,86
Exposure 4,58 4, 76 6,43
Continuous 5.16 4,95
During
Life Totel 8i0; 0,51 G.49 0.856
(per cent of dried lung) 0.46 0043 0.90
0,54 0,53
Tobal £i0p 10,23 9.98
. {per cent of ash) . 10.08 $.00
10.54 10.€0
Tissue Reactiocn* : b b
months months nontha
Exposure to dust - - -
Period in normal air - =
_ per cent per cent per cens
Dust Amount of ash ' - = -
Exposure (per cent of dried lung)
Followed by
Prolonged
Residence in Total Si0 , - - -
Normal Air (per éené of dried lung)
i Total 8i0 - - -
{por cent of ash)
Tissue Resotion=* - = -
xThe gymbols merely represent the reletive degree of reaction,
renging from% (questionable) to 4 + (the maximum for this _
axPerimont)r The relationships &pply only within this tablcig%;-
end cennot be compared with symbols in other tmbles, oL




Tahle 7

LONGS OF GUINEA PIGS
LONGED INJAL_ATION OF

ASBESTOS (QHRYSOTILE)

Time from sosimming

of dust exposure

months monthe months manths nonths months
12 15 20 24 30 33-3/4
e to dust 12 16 20 24 30 33-3/4
in normal air 0 e Y 0 0 0
per cent §per cent per cent | per cent | per cent | per cent
of ash
ent of dried lung) 5.02 5,00 5,866 5.42 5,35 6.06
4,58 4,76 6,43 5,50 6.55 6.35
5,16 4,85
10, C.51 0.49 0.85 0,78 0.96 0.76
ent of dried lumg) 0.46 0043 0.90 0.78 1,27 0.96
0,54 0,63
i0o 10,23 9.96 14.46 14,48 17.89 12,37
ent of ash) 10.08 9.00 14,07 14.20 19,46 16.11
10.54 10,60 .
Reaction* % * 24 3+ h+ L+
nonths months montha months months months
e to dust - - - 20 20 20
in normal air = - - 4 10 1303/%
per cent |per cent per cent| per cent | per cent | per cent
of ash - = - 5.16 6,11 4,77
ent of dried lung) 5,11 3,98 5,18
4,77
i0 - - - 0.48 0.62 0.25
ent of dried lung) 0,36 0,34 0.26
0.22
10 - - - 9,30 10,21 5,31
m¥ of ash) 7.16 8,51 5,00
4.60
Resotion» - « - 24 3+ 2+

rely represent the relative degree of rsaction,

(questionable) to 4 + (the meximus for this

The relationships &pply only within this table.

sompared with symbols in other tables,




Table 8

ATALYSES OF LONGS OF WHITE RATS
THAT HAD INHALED

SHORT-FIBER ASBESTOS (CHRYSOTILE)

Duration of Exposure
3 .
O _months] 2 months]4 months|6 months!8 months}l0 months |
per cent|per centjper cemt}per cent|per centjper cent
Amount of ash : 3.9 3.8 3.3 3.3 3.9 4.9
(per cent of dried lung)| 4.3 3.6 3.6 3.4 3.6 4.6
2.9 2,9 3.4 3.7 3.5 5.3
3.6 3.2 4.4 4,7
. 3,3 3.7
3.9
3.4
Total 810, 0,00 0,08 0.08 0,07 0.08 0.18
(per cent of dried lung)| 0.00 0,13 Co.11 0,06 0.18 0,16
0.00 0,09 0.07 0,04 0.15 0.15
0.00 0,05 0.17 0.13
0,00 .16
0,00
0.00
Totel Si0p 0.0 2.1 2.3 2.1 2,2 3.8
(per cent of aah) 0.0 3.5 300 105 505 33
0.0 3.2 2.2 1.1 3.4 2,8
0,0 1.6 4.0 2.8
0.0 4,2
Ooo
0.0

» Normal controls (no dust exposure)
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Table 10

COMPOSITION OF

100 PER CENT BALL-MILLED ASBESTOS DUST

Short-={iber Asbestos Atmospheric Dust
Usod in Dusting Mechines Collected with Precipitator
per cent per oent

Chrysotile .17 15
Serpentine 56 60
Magnetite 10 10
Quartz 2 2
Brucite . 5 3
Hematite 0 0
Other Minerals Al 10
100 100
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Teble 11

SIZE-FREQUENCY OF ATMOSPHERIC DUST
COLLECTED TNSIDE CAGES
FOR

INHALATION EXPERIMENT WITH 100 PER CENT BALL-MILLED ASBESTOS DUST

Sample teken Sample taken
before wire brushes after wire brushes
' installed : installed
per cemt per cent
Distribution of (
Particles, Clumps ( Particles and clumps 98.7 98.6
and Fibers ( Fibers 1.3 1.4
160.0 100.0
Size-frequency (< 3 microns 86.1 95.0
of ( 3-10 11.9 5.0
Particles (> 10 2.0 0.0
100.0 100.0
Sige~-frequency ( < & microns 22 0
of ( 310 44 68
Fibers (> 10 >4 _42
. 100 100
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Iable

SUMMARY OF INHALATION BXPERINENTS

WITH

100 PER GENT BALL-NILLED ASBESTOS LUST

Maximum
Maximum Survivel
Nature of Humber of Dust After Dust
. Bxperiment Animals Exposure Exposurs Results
Dugt exposure 84 g, pigs| 24 months | O months Ho sppreciable pulmonary
oantinuous reaction.
throughout 40 rats 20 0 No suggestion of asbes-
1life tosis.
24 mioe 1z 3 No suggestion of asbes-
‘ tosis.
Dust expogure 16 g. pigs gB/n—x_qonths 12 montha | Fibrosis typicel of as-
followed by o - bestosis was present 12
prolonged months af'ter exposure
residence in ceaged in an amount suf-
normal air ficient to be visible

grossly; smaller foci
could be seen microsco-
pioally at 2 months and
8 months.




Table l}

ANALYSES OF LUNGS OF GUINEA PIGE

EXPOSER TO DU3T IH

IRHALATION EXPERIMENT WITH 200 PER CENT BALL-MILLED A4SBESTOS DUST
15,
months ronchs monvh
1 2 3
Exposure to dust 1 2 _ 3
FPericd in normal air 0 0 o]
per cent| per cenv per o
Amount of ash . _ 4,85 4,66 5.6
{per cent of dried lumg) £.30 4,60 5.0 *
Dust 4.35 | 5,08 : 6.7
Exposure ' :
Continuous ] Total Si0, 0.21 0.23 0.,7%
During ) (per cent of dried lung) 0.30 0,34 0.3
Life G.ed 0,61 0.5t
Total 8i0 ' - 4.28 4,80
(per cen% of ash) 7,05 7,40
: 5,60 12,01
Tissue Reaction= 0 0
Time from beginning of dust
 am B A, e . - . cxXnogure
montha months nont!
30 36 ¢0
Exposure to dust 28 28 28
Period in normal air 2 8 12
por cent | per cent per ot
Dust Amount of ash 7.25 5.25 6,31
Exposurse {per cent of dried lung) 8.67 5,96 5.1
Followed by
Prolonged Total 810y 1.57 0.68 0.8
Residence in (per cent of dried lumg) 2.19 0,87 0.6
Normal Air
Total 8i0g 21.63 12.99 13,0
{per cent of ash) 25.24 14,55 12.4
Tissue Reaction® * < 24

*The symbols merely represent the relative degree of rsaction, rangilng
from O toi(queationa’ol_{e) to 2 * (the maximum observed in this experi-
ment. Tho relationghips apply only within this table and ceammot be

compared with symbols in other tables. o
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i {ime from begimmipg of cust exposure
© months months months nonths months moathe months monthe mon tas
1 2 3 5 8 12 16 20 24
1 2 3 5 8 12 16 20 24
0 0 0 0 0 0 0 0 0
per ceni| per cont per cent| per cent| per cent| per ceut | per cent per cont| per cend
4.85 4.66 5.60 5,10 4,35 5,66 5540 5,66 €, 30
4.30 4,60 5.07 5.08 6,24 5,01 5,20 5,66
4.35 5.05 6,74 5,02
0,21 Q.23 0,70 U.38 0.52 1.28 1,02 1.28 .88
0.30 0.34 0.32 0,38 1,45 1,11 1.28 1,21
O.24 0.61 0.86 0.39
4.28 4,20 7.51 11,86 22.16 18,96 22,60 28,05
7,05 7640 7.47 23,28 21.98 24.61 21. 70
5,60 12,01 7.72
0 0 D 0 0 £ & %

Tims from begimning of dust

SXposure
months months months
30 36 40
28 28 28
2 8 12
per eont | psz cent per cent
7.25 5.28 6.38
8.69 5.96 $.17
1.57 0.68 0.84
2,19 0,87 0.64
21.63 1z.¢8¢9 13.08
25.24 14,55 12,41

@ + 24

3 of reaction, ranging
served in this experi-
tableo and cemmot be




ATRTTETR AR URIG-FIRER ASRESTOS NUST

{ag reeeived)

Chemical Petrogrephic
8102 38,407 The material conteing shout
Peolsg " 54,58 75 per cent of fibrous asbestos,
Alp0gz 0078 probebly chrysotile, with some
¥n0 G.08 serpentine and small emounte of
Ca0 0a31 calcite, magnetite and chloritic
¥Ng0 40,18 or micacoous minerals, Only s
Fas0 0.08 trace of quarte wes seen, There
X0 0,06 were shreds of non-separated {i-
COg 0,57 bers 10 to 50 microns long and
HpO 14,00 5 to 15 microns wide.

29,76




LEaP i N e B

COMPARISOE OF APPROXTMATE AWALYSES OF

LOHG=FIBER AND SHOET-PIRFER ASEESTOS LUST

Long-Fiber Short=Fiber
Original  Atmosphoric Originel  Atmespheric
Haterial Dusp ) Haterial Duatrs
per cent ror cent - per cent per cent
Chrysotile 75 50 17 15
Serpentine 156 20 55 60
Magnetits 5 3 10 10
Quartsg tr 3% 2 2
Brucite 2 4 5 8
Hematite 0 10~ 0 0
Other -3 i AL 10
100 100 100 100

* GContamination from other dusats.

«» Atmospheric sample was 100 per cent ball-milled dust.
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CONPARIZON COF SIZE-FREQUENCY COF ATMOSPHEERIC

LONG~FIBER AND 1C0 PER GENT BALL-MILLED ASBESTOS DUST

COLLECTED INSIDE CAGES
Long=Fiber Ball<Nillsd
per cent per cent
{ < 3 microns 66.4 20,6
(
Grains { 310 1.1 4,8
(
{ > 10 0,0 0,0
(< 10 25,8 0.8
Fibers (
{ > 10 6.7 0.6
Clumps 1.0 302
100,0 100.0
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SUMMARY OF INHALATION BAPERINEHT

Wils

LONG~FIBER ASBESTOS

Maximum
Meximun Survivel
Heture of Rumber of Dugt After Dust
Experiment Animals Exposui'e Exposurse Results
Dust exposure | 117 g. pigs| 36 monthse § O months | Definito fibrosis in 16
continuoue ‘ ronths.
throughout 4 cats 42 0 Slowly deveioping fibresiag
life first seen at 2¢ months,
20 rats 25 0 Marked peribromachiolar fi-
brosis first seen at 24
ncenths.
20 mice 25 0 Limited resctions no fibro-
3ig,
Dust exposure | 12 g, pige| 20 monthe | 14 months |Clearing of inflammatory
followed by & . resction and definite
prolenged re- contractian of fibrosic.
sidence in ® g. pigs | 27 months | 9 Clearing of inflammatory
normal air reaction and slight cou-
iraction of {ibrosis,
2 cats 18 24 Silmiler ¢¥o continuous ex-

posure group; suggestion
of progression in one of
the two caimels..




INBALATIOH

ANALYSES OF LUNGS

Tablse 18

EXPOSED T3 DUST IN

EXPERIMENT WI

OF GUINEA PIGR

TH LONG=FIBER ASBESTOS

monthe months monthe | monGhe i
1 2 3 8 '
Ezposure to dust 1 2 3 7] 1
Period in normal air 0 0 0 o :
per ceut | per cent| per ceni poer oent p@f
imount of ash 4055 4,45 4.38 1  4.77 :
(per cent of dried lung) 4.33 4.48 4.38 (1 4.63
Dust 4,87 4,35 4.51 | 5.08
Expos urs ‘ ‘
Continuous | Total S10, 0.n04 0,06 0,05 0.08
During {per cent of dried lung) 0.02 0,05 0.05 0.12
Life 0.04 0.06 0.06 0-09 (
Total 5i0, 1,10 1,23 1.20 1.76
(per cent of ash) 2,11 1,18 1.13 2.67
0.93 1.46 1.48 1.77
Tissue Remotion* 0
manths
Exposure to dust 20
Perlod in normal air 0
per cent
smount of ash 3.54 2,92 4,18 6,01 g
Dust (per cent of dried lung) 3.60 2,81 4,30 5,04 g
Exposure 3,68
Followed by
Prolonged Total 510, 0,43 Q.22 0.24 0.21 C
Residence {per cent of dried lung) 0.49 0,27 0.22 0.18 ¢
in Normal 0.62
Adr .
Totel 810 12.22 7,23 5:.75 4.19 1
(per cent of ash) 13,63 9,50 5.07 3.50 L
14,89
Tigsue Resction 2+ 2+ 2 <+
*The symbols merely represent the relative degree of reactiom, _ - ranglng {rem
The relationships apply aaly within this table end camnot be ciiEr'gared with o

~60-
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montha B

) monthe

4o
2,

Oa

:-2;;’ 1 months montﬂs ] mcnths ‘ “months montha mor
i 5 8 12 18 20 24 27 30 34 d
) 8 12 16 20 24 27 20 34 ;
0 0 o 0 0 0 0 0 0
ent por cent | par cent'| por cant| per cent| per cent | per cenb| per centi per cent | per aent | por
8 | 477 4.72 -] 4,87 2,88 5.56 3.42 8,40 3,63 5.85
8 ! 4.63 4.92 6.02 2,88 3-.60 3.562 3.74 3.03 6.70
1] 8&.08 4.34 5,16 3-16 3.63 3.88
|
5 ] 0.08 0.10 0.26 038 0,43 0,85 0.29 0.37 0,50
15 E 0.12 0.02 0,20 0,38 0.49 0.3 Q.46 0.5¢ 0.8¢ Q.
16 | 0.09 0.07 0,31 Q.34 0.62 0.24
0 i 1.76 2,21 5.20 12,70 12.22 10,18 11,61 10,66 8,60 8o
3 ! 2.67 1.890 4,09 12.26 15.63 8.29 13,15 11.22 12:.47 12,
8 | 1.77 1.68 5.99 10,91 14.59 §.10
i
; L 4 > - 2% 2+ 3e 3e hie Lo he
of dust exposurss
hs || mon months | months months | months
2 27 27 27 27
'l 1a 0 3 7 9
ent ; par cent | per ceunt | per cent | per cent| per oent
8 | 6,01 3.40 '} 3.56 3519 .21
Q0 5.04 374 2.54 3.18 2,75
4 0.21 0.% 0.31 0.2b 0.2
2 0.18 0.49 0,138 0,28 6.23
5 4019 11051 80& 7999 8096
7 3.58 13,10 8.94 8,TR §.31
+ 3¢ 2¢ 2 2+

anging from O to % {quast* onable) to 4 « {the maximum for this expsriment).
sd with oymhola :ln other tables.



Dosage

~

IHJEC

suspension of the dust.

given.

Animals Used

Table 19

CONPARISON OF REAGTION TO CHRYSOTILE £¥U SERPENTING

ED TNIRATRACHEALLY

Zach snimal was injewcted intratracheally with 0.5 co of a & psr cent
Two weeks later esnother similsr injection was
Total amount of dust injected = 50 mg.

Six groups of 9© guinee pigs each {one group for each uype of dust).

Sacrificing Periods

One or two snimals in each group at 1, 2, §, 8&1/@ and 12 months after

injection.

Preparation of Dust

Chrysotile (ball-milled

) unheated: Ball-milled for 1176 hours, dried and

roground in agate mortar,

Chrysotile {ball-milled) ignited : Ball-milled chrysotile heated for 2

Chrysotile (fibrous) unhested
Chrysotile {fibrous) ignited

hours at about 700° C., then ground in
agate mortar 2 or 3 minutes.

Ground in agate mortar to pass 200 mesh.
200~mesh naterial heated for 2 hours

at about 7000 (. WHo further grinding.

Serpentine (bell-milled) unheated: Ball-milled for 1488 hours, dried and

reground in agate mortar,

Serpentine (ball-milled) ignited : Bsll-milled serpentine heated for 2

hours at about 700° C.., then ground in
agate morter 2 or 3 minutes.

Mineral

Size of
Dust Particles

Results

Chrysotile
(ball-milled)
unheated

3 microns and
less

Grinding destroyed capacity o cause fibrosis.

At 1 month considerable inflammatory edema and
cellular proliferation and localization of dust
particles about bronchioles; 2t 2 months, only

a very slight proliferative reaction; et 6, 8-142
and 12 months, widely-scattered esmell mononuclear
phegooytes, At 12 months, a few microscopic
patches of thin alveolsr wall thickening with
rome adenomatoid chenge in portion of air spaces
abutting on thickened bronchi. No asbestosis
bodies seen.

Chrysotile
(ball-milled)
ignited

3 microns and
leas

Reaction limited to large foreign-body gient
cells without production of fibrous tissue.

{oontinued on page 62 )




abie 18 coneinued {rom nege 61,

Silze of
¥ineral Dust Perticles Results
Chrysotile 20-50 microns & Qivkined Cibrosis. Reaction loceligzed <o
{fibraus) aPPT OX, connactive tligsue sbout terminel bronchioles;
vnheated little within those tuhsa. Contraction
caused edenomatoid appesrance of air spaces
given off directly from terminal bronchicles.
Reaction area bocame smaller with progress of
time; no now reglons involved, UWo chromie
pleurisy even at points abutting intrepulmon-
ary change. At 1 month considerable inflsm~
matory edema andé foci of cellular prelifera-
tion; at 2 wmonths well-marked cellulsr proli=
feration end flbrosis ococurring foczlly about
respiratory bronchioles. This reaction de-
veloped before ashestosis bodies had formsd
end wag as edvenced 23 that produced by 2 years
inhalation of asbestos dust. At 6 months, re-
action less extensive than at 2 months, epper-
ently due to contraction of fibrous tissue;
asbestosis bodios were abundant. At 8-1/2
nontha, reasction still less extensive, confined
to the immediate vicinity of the s=maell terminal
bronchioles, where the scar tissue weas quits
dense and was becoming hyaline in character.
Sometimes it even obliterated the bronchiole.
Agbestosis bodies had beoome scarce. AL 12
months, the well-developed peri- and intra-
bronchial adenametoid areas of fibrosis hed
‘produced considerable distortiom. - Nore peri-
pherally were patches of pneumonitis with
sosinophilic infiltration, some of which was
being transferred into fibrous tissue, These
seemed Lo be precursors of the localized,
diffuse patches of thin alvecolar wall fibrosis
seen elsewhere,

Chrysotile 20-50 microns Reaction limited to large foreign-body gient
(fibrous) approx. cells without proliferation. Heating the fibers,
ignited which made them brittls, . destroyed their
capacity to produce significent reaction.

Serpentine 3 microns and Dust relatively inactive, 4t 1 and 2 months,
(ballemilled) less simple phagocytosis without proliferation; at
uoheated 6 months, no chenge except possibly lymphoid
cell infiltration; at 8=1/@ months, a slight -
chronic pneuronitis; at 12 months, only a 1lit-
tle pneumonitis withoul suggestion of fibrosis.

Serpentine 3 micronsg and Dust relstively inactive. KReaction essentielly
(ball-milled) leas the same as for unheated serpentine, With ig-
ignited nited serpentine, less tendency for dust to be
carried to bronchial nodes,

rnea



Table 20
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Dosage
Seo Table |2

Animals Used

INJECTEDL INTRATRACHRALLY

From 6§ to 9 guinea pigs for each dust.

Sacrificing Periode

Usually at 1, 4, 8 snd 12 moaths after injection.

Sise of Dust Particles

Separated so that most fibers ers from 20 to 50 miocrons leng.

Mineral

Results

Chrysotile
( Thetford)

A distinct fibrosis. Additional information given opposite
Chrysotile (fibrous) unheated, in Table 19.

Chrysotile
. (Arigona; low

iron content;

002% Fezos)

Reaction virtually identical with thet to Thetford Chryso-
tile. Both fibrosis and asbestosis bodies produced with an
asbostos conbaining very little izon. Fibrosis ocourred as
plugs within terminal bronchiocles and as finer deposits at
periphery. Fibrosis developed before asbestosis bodies

seen and was in celluler state well-formed at one month,
With ege, fibrous tissue contracted end occupied smaller a-
rea but was more dense, Adenomatoid changes similar to those
with Thetford Chrysotile. Pleurisy limited to immediate
vicinity of early reaction about areas of massive loocal-
ization. Asbestosis bodies formed but were few in number,
At 1 month after injectian, minute fosci of mononuclear pro-
liferation about bronchioles snd in areas of atelectasis;

at 1-1/2 manths, heavy peribronchiclar patches of fibrosis
often with papillary projections partislly closing lumen of
braiohiole; adénomatoid appesrance marked; connective tige
sue reaction showed heavy collagen bui no hyalinizatiom; at
2 months, minute foci of well-matured fibrosis about bronch-
ioles; at 6 months, mature asbestosis fibrosis with evidence
of contraction; coansiderable chronic pneumonitis with in-
filtration of lymphocytes and eosinophiles. At 9 months,
small intrabrouchiolar fibrous pluge with foci of more deli-
cate fibrosis at periphery,

d

dmosito

Typioel fibrous endo- and peribromchiolitis with formation
of atypical asbestosis bodies. Heustraticn of bodies began
before 4th month after injection, well-developed by 8th
month, Bodies persist after 12th month. Reaction at 1
month heavy endo- and peribronchiolitis already showing

(Continued on Page 64)
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[ VIS

snbiined CToR Yege 6.

Winareal

fmosite (conb?d)

e

Regults

fibreus changes; atelsctosis snd fibroais with somo ne-
crogis at site of massive localisation of dust. At 4
monthe, hesvy, widely-scatiered sndo- and peribrouchic-
1itie, now fibrous, with marked deformity of bronchioles
ané with an sdemonstold appesrance. At 8 end 10-1/2
months, rezstion in lung essontislly the ssme as at 4
nonths. A&t 12 months, foci of fibrous cndo= and peri-
bronchiolitis still large with more donse scer tissue and
nore deformity of broamchiel tubes but no extencion

;nto, or atelectusis of, periphoral parenchyms,

Csx

g

—~a
o

cidolite
olivia)

fdvanced fibrous endo- and poribronchiolitis. Beaded
asbestcsis bodies nobed atl & months. AT 1 month, carly
fibrous endo- and perlbronchiolitis; meny giant ceils and
somoe iymphocytic reactici. At 4 months, smell arses of
endobronchiolitis scattered throughout the lumg; celluvlar
fibrosis. At 8 and 12 months, areas of bronchiolitis
smeller because of contraction of dense ecar tisgsue; et
12 months, merked lymphocytic infiltration and adenoma-
toid appsaranca,

Crocidolite
{S. Africe)

Iypical sdvanced {ibrous endo- and peribrouchiclitis pro-
duced by 0.5% suspension {1 cc total dose); most suimals
would not tolerate usual 5% suspension, Fibrosis well-
developed before ashestosis bodies seen. AT 4 months, well-
developed fibrous bronchiolitis with lymphoeytes end glant
celleg and adonomatoid change. At 8 months, typical bron-
chiolitis not quite as extensive or as heavily {ilbrous as
with a 5% suspension, otherwise the same. ¥any deeply-
stained fibers with a good proportion of haustrated esbes-
tosig bodies., At 12 monthe, hesvy {ibrous bronchiolitis,
more peri- then endobronchiolitis, with lymphocytes and

glant cells; very marked adenomatoid appearance.

snthophyllite

Lyaphocytic infiltration and gient cells but no fibrosis.
A vory few atypical asbestosis bodies. 4t 1 month, many
scattered focl of intrabronchiolar dust without measive
locelization; lymphocytic infiltration of walls and a few
giant cells, At 8 and 12 months, littls evidenoce of dust;
a few bronchioles and bronchi with giant cells in adjacent
alveclli and with lymphocytic infiltration of welle,

Tremolite

Fibrosis about bronchioles. At 1 month, arsa of dust locel-
ization with collapse of alveoli and infiltration with acute
inflemmatory cells, macrophages and giant cells., W¥Within the
erea woere a few focl of fibrour tissue and numerous arsua

of hypertrophy of alveolar epithelium. Many bronchioles
packed with fibers. At 4 months, general sppeersnce of
lesion unchanged; pleursa slightly thickened over heavy lo-
calizations of dust. 4n occasional segmented asbestosis
body seen. At 8 months, many foci of fibers in broanchioles
&nd alveolar ducts with cellular reaction a8 before; aleo,

1

(Continued on Page 65)



Table 20 continued frowm Page 64.

Mineral

Regult

Tremolite (contid)

some Poal zhowed digtinet collagen deposition. At 12 and
18 months, recctlon a8 before with fibrosis about bron-

chiclas more apperent becsuse of contraction end decrease
of inflemmation. Gisnt cells prominent. Pleurza merkedly

involwved.,

Brucite

Typical fibrous ende- and peribronchiolitis like reaction
to aabestos minerals, £t 1 menth, extensive endo- and peri-
bronchiolitis with glant cells; dease fibrous lcops within
bronchioles and celiuler fibrosis about them; adenomatoid
change present. At 2 months, heavy imtrabronchiolar and
peribronchiolsr fibrosis producing marked deformity with
distortion aof tubes and obliteration of surrounding sir apacesy
fibrosia pele without hyalinization but with few nuclel;

no neorcsis. Typical asbestosis bodies seen. At 4 and 8
months, little change; fibrous tissue contracting. At
10-1/2 months, dense fibrous bronchiolitis with asbestosis
bodics. Ho pleurisy. No extemsiom to surrounding lung.

Glass Wool

No fibrogis within a year. At 1 menth, no reasction inside
bronchioles; in peripheral eir spaces clumps of giant cells
pecked with fine spicules of glass with lymphocytic infil-
tration of adjacent walls; no asbestosis bodies. At 2
months, reaction less intense than at 1 month; fair-sized
clumps of elongated gisnt phsgocytes containing spicules
and particles of glass; no endobronchitis. At 4 end 8
months, reaction &till diminishing. At 12 months, focal
sreas of pneumonitis with no fibrosis or emdobronchitis;
moderate mumber of smooth iron-staining fibers.




LS

fnimals Veoed

GFTPATIENT OF RUACTION PRODUCIT BY

Tabhle 21

P ]

LOIG-FIEER AND SHORT-FPIRNER DUSTS

T IRG T

Sacrificing Periods )

THTEATRACIEALLY

3iss of
Hineral Dust Farticles Regulte
Long-~fibeér 4 distinct fibroeis. Refer to Chrysotile
20=50 nicroms { £ibroue) unhoated in Table 19.
"i‘g:z’;zig) Short-fiber No fibrosis. Refer to Chrysotile (ball-milled)
3 miorons aund unheated in Table 19,
loss
Long-fiber Typical endo- end peribroanchiolitis. Refer
20=50 microns tc Table 20.
Amoaite
Short-fiber Reaction limited to phagocytosis with lymphocy-
20 microne and tio infiltration of adjacent walls. Short fi-
leas bers packed inside swollen phagocytes; longser
ones free, some coated to form typical asbhesto-
' 8is bodies. At 1 month after injection, alveo-
11 contained good<sized giant cells; most pha-
gocytes were within air spaces and had not mi-
grated to wells. At 4 months, free extracel-
lular fibers had worked themselves into inter-
stitial tissuc where thore was extensive proli-
feration of lymphoid cells and monocytes but
no fibrosis. At 8 months, foreign body reaction
with some pneumcnitis, no bronchiolitis.
Typical asbestosis bodles presant.
Long-~fiber Advanced fibrous e¢ndo- and peribonchiolitis.
20=50 microns Refer to Table 20.
Crocidolite
{Bolivia) Short-fiber No fibrosis. At 1 moanth, air spaces compressed
: 20 microne and end largely filled with gisnt cells packed with
less dust needles. Walls heavily infiltrated with

monocytes and lymphoid cells, At 4 monthse, a
noderate degree of cellular infiltration of walls;
smell giant cells packsd with dust spicules.

(Continued on Page 67)




Table 22

P

WYz

SUMMARY OF INJECTION EXPERIMENTS BY ZRTES

10US TECHNIQUE

Dosago
otal amount of dust - 1.0 gram, divided into 2 equal doses (each dose wos § co of

“aziium
Survival
Sige of Animals After Least
Minersl Tust Particles Used Jnjection
Chryeotile 3 microns end less 6 regbbite - The rabbit
( Thetford) (ballemilled the 6 died
152 hours) aftor 27 i
Roaction 1
lungs. Xo -
for fotaliy
Thronoi .
Amosite 3 miorons and less § rabbits 17 montha Advenced p
{ground in ehortening
agate mortar) ssorificed
‘ the 6 nont
i focal necr
Crocidolite 3 microns end lese 4 rebbits 12 months
(ground in
agate mortar) d
stroyed th
rather tha
Anthophyllite 3 microns and less 4 rebbita 24 months Reaction o
(ball-milled Only ¢ o
1400 hours) thiy li'tgi
nuclogr an
sainal. T
in the 1iv
No fibors
Tremolite 3 miorons and less 4 rabbits 19 months Reaction ¢
(soda~-iren) (ball-milled liferation
140 hours) No eviderc
Tremolite 3 microns and less 4 rabbits 24 months fn inert f
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7wl $ ce of a ] por oent susponsion) which were gilven twice o week for 10 weeks.

g

Results

The rabbits ¢§d not tolerate intravenous injeotiona of fimely-ground chrysotile amnd 5 of
the 6 died afifer 1 to 5 injections of even d@iluted suspensions; the other snimal died
afteor 27 injestione of once=quarter strength suspersicm (69 days after first injection).
Hoaction limited to few large giant phagocytes of inactive type ip liver, epleen and
jungs. Xo thrombi of dust cells secn in pulmonary cepillaries, No dsfinite explanation
ior fatalities discovered but material may have been retained in heert and coused locsl
hrombi .

Advenced pulmmeary infection Ikilled 3 enimals st 8, 11 and 17 months after last injection,
ehortening inlended duration of expesriment and complicating picture. Howevor, rsbbits
sacrificed earlier (3 and 6 months) showed only jinert pbagocytosis with mo progression in
the 6 months mimal. The lagt two {11 end 17 months) were probebly the scme although
focal necroseis of the liver and amyloid of the spleen made interpretation difficult.

Y

#7 Reaction was that to an inert substaunce with no changse in 12 mouths, {Other observations

et 3, 4, end 6 montha). Simple phagecytosis of particles, Ho tendency to agglomerate and
no chenge in adjacent tissues. Grinding the dust %o sizes of 3 microns and under dee
stroyed the fibrous structure of this mireral and injected material resembled plates
rather then fibers.

Reaction essettially that of an inert mineral. Observations made at 3, 6, 12 and 24 months.
Only suggestigs of irritating properties memifested in spleen and lymph nodes, but not

the liver, ofithe 24 month . rabbit, In this snimal there had beemn proliferation of monoe
nucloar and gﬁt cells that wes not present in either spleen or lymph node of 12 month
aninal.  The sbsence of associated fibroblastic reection in these orgems and of auy change
in the liver comdition justifies the clasasificztion of snthophyllite as an inert silicate.
No fibers were retained in lung to domonstrate whether asbestosis bodies would develop.

Heacticn eseehtially that of an inert mineraml, Last snimal sacrificed showed a little pro=
liferation and lymphecytic infiltration in liver, not seen carlier (at 3, 6 and 12 months).
No eviderce of eny activity in lesions in other orgens.

fn inert foreign-body reaction with no change in 24 months. Observations made at 3, 6,
12 eand 24 monthss.




Teble 2) econbinued from Poge 66,

Bige of
¥inoral Dust Particles Regults
Crooidolite At 6 end 8<1/2 months, masses of gisnt cells,
{ Bolivia) oontaining minerel particles, in small broachi
cont’d but not in reepiratory bronchiolem: esws=ller cnes
widely scatiered in terminal air spaces. Num=
erous asbestosis bodies. lio resction in con«
nective tissue, No endobronchial proliferation.
At 12 months, meny scatiered small monocytss
packed with dust. No endobronchitis. No peri-
pheral fibrosis. In lymph node, & slight
reticulosig: no {ibrosis.
Long-fibver Lymphocytis infiltration and giznt celils but
20-50 microns no definite fidbrosis. Refer to Table 20,
Anthophyllite
Short-fiber No fibrosis and prectically no achestosis bedies,
3 microns mmd At 1 month, focal collections of dust-filled
legs monocytes and a fow giant cellg; et 4 months,
gone adematold cepithelial reaction; at 8 months,
simple pneumonitis with phagocytosis of short-
fibers; at 12 months, isolated and sharply lo-
caliged collections of dust cells inside eir
gpaces sbout terminal arterioles. Reaction in
wallsg limited to lymphoid cell infiltration.
¥o fibrosis. In lymph nods, rescticn limited
to slight prominence of reticulum.
Long=fiber Fibrosis about bronchioles. Refer to Table 20.
20-50 microns
Tremolite
' Short=fiboer Sinple foreignabody reactien, No mcute inflame
20 microng and mation. No accumletion of dust im or about
less terminal bronchioles. No endobronchitis. At
1 month, scattersd small giant cells and comsi-
dorable infiltration of adjacent small giant
cells and considerable infiltration of adjacent
walls with monocytes and lymphoid cells. At
4 months, little changs except more cclluler
infiltration of comnective tissue, At 8 months,
lymphoid infiltration and thickening of wells
about some but not all terminel bronchioles.
Long-fiber Typical fibrous endo- and peribrornchiolitis-like
2050 microns reaction to asbestos minerals. Refer to Table 20.
Brucite
Short-fiber Inort type of reaction, At 1 month after injec-
(mede by tion, emall monccytes widely scattered through
crushing long air spaces; focus of atelectasis with lymphoid
fibera with infiltration of compressed air-spece walls. Ho
rubber endobronchial reaction as with chrysotile. At
policemsn) 2 months, resction similar to that at 1 momth;

typical asbestosis bodies seen. At 12 months,




Table 23

STROLAEE, 0F LI et BEPLELWERTS
BY
TNTRAPERTIONEAL TECHARIOUR
Dossage f
Each animel® receivod a single injeotion intraperitoneally of 2 co of a 10 per cc
¥aximun
Survival
Sige of Animals After
¥inerel Lust Partioles Used Injection
Chrysotils 3 picroas 2ad less 15 g- pigs 36 months No fibro
{ Thetford) (ball-milled nucleate
216 hours) dissolve
fat or a:
made et !
Chrysotile Long fiber 4 2. pigs 2 months Def4inite
( Thetford) { through 100 mesh) developec
tlons onl
Amosite 3 microns and less 9 g. pigs 12 months
(greund in agate
mortar)
Crocidolite 3 mloroms and less; 7 g. pigse 12 months Dust focs
also some long amount of
spicules that in g
(ground in agate orons, or
mortar) alightly .
Anthophyllite S’microna and less 5 g~ pigs 25 nonths § Esgentigl]
{ball-milled . monooytes
1400 hours) ' was also
eytes and
Anthophyllite Mostly 3 microns and 5 g. plgs 12 months Reaction,
(originelly less; some fibers 30 ocytes, we
labeled talc) microng or more long experiment
(ground in agete conneotive
mortar) that it ob
Tremolite 3 microns and less 5 g pigs 12 rponths Inert type
(soda-iron) (hall-milled tion sbout
15 hours) 12 months.

sEach animal receiving long-fiber chrysotile wag injeoted
with 2 cc of a 0.5 per cent dust suspension.

(Continued on Page 70 )




2 10 per cent dust cuepension, Total amount of dust injooted = 0.2 gram.

Eggults

No fibrosis nor ssbestosis bodies. Dust particles ingested by phagocytes, chisfly multi-
mucleated variety. Six months after injection fibrous eloments of duast appear to hsve
diseolved leaving only the insoluble magaetite, & conteminent, Ko resctien in surrounding
fat or areolsr tissue. No tramsporting of dust to regionesl lymph nodes, Obsorvations
made at intervals from 1 to 36 months efter injectiam.

Definite {ibrous reaction produced, delicate and mon-hyaline. Atypical asbestoeis bodies
developed but all wers unusually small, o evidonce of extra-iong fihsrs seen. Observa-
, tlons only at 2 months-

. Infection interfered with interpretation. Dust reaction appeared to be of inert type
. and limited to phagocytosis with a moderate tendency to lymphocytic infiltraticn. Obser:-
vations at 1, 4, 8 and 12 months.

Dust foci consisted only of large mononucleer @ad glent phagocytes surrounded by a minimun
amount of cellular conneotive tissue. -The injecited dust contained not only fine meterial
that in grinding hed been mashed into irregular plates but also many long spicuies 10 mi.
orons, or swre, in length. No asbestosis bodies seen although the longer spicules appear
alightly swollen and greenish., OUbservations at 1, 4, 8 sud 12 months.

Essentially inert foreign body reection. In early enimals {i, 4 and 8 months) focus of
monooytes and small gisnt cells and & 1little central necrosis. In thes 4 month animsl there
was also slight periphoral fibrosis. At 12 and 25 months, nor-progressive mass of mono-
cytes and gisnt cells; no fibrosis.

Reastion, which consisted of very large giant cells surrounded by 2 verisble number of lymph-
ocytes, was much heavier to these unintentionally long fibers than to the fine dust in the
exporiment above. There was more or less proliferation of fibroblasts producing celluler
oconnective tissue visible in areas where the quantity of forelgn particles was not so groat
that it obscured the reaction., Observations at 1, 4, 8 and 12 months.

inert type »{ responsse mever progressing beyond the stage of very slight lymphocytic reesc-
tion sbout masees of dust-filled phegocytes. No fibrosis, OCbesrvations at 1, 4, 8 and
12 months.




Teble 2% continued from Page 69
Neximum
Survivel
Size of Apimale Aftor :
Hineral Tust Partioles Used Injection HEs
Tremolite S mwlorons end less & g~ pigs 18 manthe Iner: non
{(s0da) (ball-milled &, 8, 12
48 houra)
Anthophyllite ) 15 g~ pigs 12 months Distinet
(originally ) quent reg
labeled talc) ) about lon
) . anthophyl.
Pyrophyllite ) 100 microns snd 4 months |
(fibrous) ) less all thres
) necrosie «
Pyrophyllite )
(orystalline) )




Results

Inert non-progrossive foreign-body type of reaction. Ho fibrosis, Observations at 1,
4, 8, 12 ard 1€ menthe,.

Distinet enrly fibrosis produced by anthophyllite emd fibrous pyrophyllite with subse-
quent regreasion; crystalline pyrophyllite inert throughout. At 1 month, glamt cells
about long thick splinters; at 4 months, definite fibrosis replacing giant cells of
anthophyllite and fibrous pyrophyllite reaction; at 8 months, fibrosis which started at
4 months had decreased, especially with fibrecue pyrophyllite. At 12 moaths, reaction to
all three dusts cansisted of foreign-body gient colls with lymphocoytes but without

necrosis oxr fibrosis., Ko asbeztosis bodies,

"‘371’{!"‘



Tablq_gg

AWALISES OF FIBROUS MINERALS

Antho= §Crooio

Amogite |{imphibole] phyllitelBrucito jChrysotilel dolite {Tremolite

per centiper oent | per centlpsr cont] per cemt |per centjper cent
8100 45.23 55.0¢ 59,80 0.90 38,56 54,99 56,20
Feg0gz 4,06 3.08 0,67 6.78 2,35 16,27 7.21
Fe0 33.83 - - 9,36 @ 4,29 ~
Alo0z 1.09 1,69 0,32 0.46 0,34 1,01 .56
Ga0 2,01 12.22 0.44 0.04 0,03 0,80 4,44
Mg0 6028 23,28 38,37 53,99 38,85 1z.28 2052
Heg0 0.33 0.43 0.52 0.81 0.29 - 6.92 6,78
K20 0,20 0.12 0,15 0.16 0,08 0067 0.99
Ignition (S1059C{ 0.66 0,32 0,27 0,53 £.30 0.02 0.3¢
Loss a’105°0 5,28 3,60 4,08 26,66 14,99 2,66 2,78

99,97 | 99.77 | 99.52 | 99.7 | 99,89 | 99.68 | 99.82

7”1 .




Fig. 1 - King's Floats Inhalation, Guinea Pig, 30 Months. .

. The lesion is more pronounced than most of those seen in -
this experiment. The two larger central spaces are bronchioles,
and they are surrounded by scar tissue, forming the typical
peribronchiolar fibrosis. The so~called "adenomatoid" change

-is prominent, especially between the two bronchioles. 200X

Fig, 2 - Short-Fiber Asbestos Inhalation, Guinea Pig, 30 Months.

A bronchiole is present in the left center of the field. In
the central portion, to the right of the bronchiole, is a small -
zone of cellular fibrosis, The scattered dark structures are
phagocytic cells filled with particles of dust., 200X
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" Fig. 3 = 100 Per Cent Ball-Milled Asbestos Inhalation, Guinea Pig, 30 Nonths.

This field shows @ rather large bronchicle, virtually without
reaction. A few adjacent alveoli contain phagocybes, packed with
particles of the dust. 200X

Pig. ) - Long-Fiber Asbestos Inhalation, Ouinea Pig, 30 Months,
In the right center is a bronchiole surrounded by cellular

£ibrosis. At the left is an srea in which alveolar walls have
been involved by extension of the process. 200X
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2 Months.

G“?-nea Pig,

Fig, 5 - Intratracheal Chrysotile,

200X

There is obvious peribronchiolar fibros

of about the
200X

There is ohbvious peribronchiolar fibrosis

Fig. 6 ~ Intratracheal Crocidolite, Guinea Pig, U Months.
same degree as in Figures S and 7.

~T4~
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Fig. 7 - Intratracheal Brucite, Guinea Pig, L ¥onths.

F

Note the similarity of the lesion to that in Figures S
and 6, 200X

ig. 8 ~ Intratracteal Glass Wool, Guinea #ig, L Months.

Two bronchioles are present in this field, one seen in
gross section and the other in longitudinal section. The assc-
ciated pulmonary arteriole is present beneath the latter. The
structures are virtually normal, although fibers of glass wool
would be visible if examined with higher magnification, 200X
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