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INTRODUCTION
This investigation is divided into two parts:
. The comparative pathogenicity of f{ibrous dusis in general
2. The determination of the locus of p?.zhogeni:ity in asbestos dust
The study on the comparative pathogenicity of {ibrous dusts has
been completed. The purpose, the methodolegy, the results, and cc}mclu-
sioas of this study are summarized in the appended manuscript, "The Pul.

-mo'na.ry Response to Fibrous Dusts of Diverse Compositions, " which has

. been submitted-for publication to the Journal of the American Industrial Hy.

- . glene Association. This work was presented at a symposium on fibrous dust
on May 15, 1969, in Deaver, Colorado, at the Annual Meeting of the Ameri.
can Industrial Hygiene Association.

The second part, on the determination of the locus of pathogenicity

4
in asbestos dust also has two parts:
1. A study of the innammnor'y component
2. A study of the oncogenic component .
- "
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METHOD AND MATERIALS

The working hypothesis, which forms the basis of this investiya-
tion, is that the pathogenesis of asbestos does not reside in the asbestos
mineral per se. It -is not the virgin ore which is the biolobic irritant, but
rather something (a hydrocarbon or a trace metal like r;ickel. chromium,
or manganese) that is intimately us'ociar.ed with the mineral which may be
responsible {or the biologic effects obsérved.

In order to test this hypothesis, each type of asbestos dust was treated
in the {ollowing manner:

a. heated in an electric muffle furnace considerably beyoad the -
:decomposition point of any hypothetical hydrocarbon.

b, immersed the different dusts in aqua regia to solubilize any -
trace metal present and subsequently treat with EDTA to remove the solu-
bilized metal. This was followed by copious washing. )

¢. & combination of the two above treatments was used, The treat-
ment with agqua reg-ia. and subsequent EDTA was followed by heatingto 950° C
for two hours. .

For the purpose of determining the locus of the inflammatory com-

‘Ponent on asbestos dust, the period of observation of the tast animals was

set at 12 months because by this time inflammatisns caused by these dusts
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were generally healed. All surviving animals were, therefore, killed at the

end of 12 months following the intratracheal injections. However, s me ani-

mals were afso killed at the six-month period {rom each group for-the purpos

of sampling.
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- The animals injccted for the study of Lthe oncogenic factor in as. .
- bestos dust have not been sampled. They arc being allowed to live out

" their lives,
The experimental protocol is given in tabular form in Tables ! & 2.
The intrapleural injections (Table 2) are for the purposc of using Wagner's
criterion of oncogenesis, namely, the production of mesotheliomas as an
indicator of the oncogenic potential of the various asbestos dusts and their
modifications. .
It is to be noted that of a total of 766 rats, 285 were used for the in-
flammatory cormponent and 481 for 'th‘e ;acogenic aspect, Of the 48] animals
used for the study of the oncogenic aspect of ‘:h'c problem, 293 were injected

.. intratracheally and 194 are still alive; whereas, 188 were injected intra.

pleurally, and 169 of these are still alive.

RESULTS

/

1 ‘ A. Inflammatory Component.
During the 12 ;:nonths of observation, there were maay deachs
fror.;: intercurrent pneumonia., The highest mortality was 48% and the low.
_est, 16%. Itlis dou!;;tful that this mortality bears aay relation to the na;p.re
of the dust in the lungs. Regardless of the manner in which the dusts we;-e
-~modified, all dusts.proved capable of causing destruction of alveola.r':is sue,

8o that dense collagenous scars were produced. There is, at present, no

discernible difference in the number, size, or character of the scars produced
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— . by the differcnt modifications of asbestus dust nor in their location. 1 hey
are generally situated in the region of a terminal or respiratory bronchivle.
B. Oncogenic Component
No pulmeonary or pleural tumor has as yet.becn obaer\'cﬁ among

the animals on test.

SUMMARY
Neither heating any of the three most'. common types of lsbe;tos to a
high temperature (above the decormnposition point of hydrocarbons) nor treat.
ment with strong acid (aqua regia) fouo;ved b; a segquestering agem‘ (EDTA)
. resulted in detectable melbrﬁion lot the inflammatory response eﬁked by
these modified asbestos dusts, : . -
Inasmmuch as the intratracheal technique of introducing dust int. he
lungs produces lesions not encountered when the same dust is inhaled (see
attached manuseript), interpreu:ion of the results here obtamed is dxfficult
| and is best mde wir.h ruerva.ti.nnl. It is advisable to repeat this study and
fmpose the lung dust burden by the inhalation method.

Insufficient tirme has claésed to allow conclusions regarding the on-

togenic potcntial of these dusts.
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( TABLE ] ' 5.
' Tabulation of Croups of Rats Injected
Intratracheally with Processed Asbesios Dust
Material How Processed Dose| No. | Decath in Mos.| Now
me. | Rats [ 1) Liviry |
Harmmermilled 3.5 23 3 5 v
Heated to 1050° F
(one hour) 3.5 24 4 4 4
Aqua Regia, then EDTA 3.5 25 é 7 ¢
Amosite Extracted with Solvents 3.8 20 7 9 0
Hammermilled 2l 21 | 6 - 13
Heated to 1000° C
(two hours) - 1.75]1 20 — - 17
Heated t0 1100* F
(10 hours) 3.5 21 11 - 8
Aqua Regia.,then EDTA 1.75) 27 | =- - 10
181 50
Hammermilled - 3.5 24 2 s 0
Heated to 1050° F -
(one bour) 3.5 a7 7 8 o]
Aqua Regia, then EDTA 3.5 27 8 13 ¢
Chrysotile Extracted with Solvents 3.5 24 4 4 0
Hammermilled 1.75{ 31 - 16 7
Heated to 900* C
(two hours) 3.5 20 - — 17
Agqua Regia, then EDTA 1.78] 20 — - 4 11
Free of Metal Contact 3.5 | _20 e -— 20 :
193 64
Hammermilled 3.5 22 6 8 ¢
Heated to }050* F ,
(one hour) 3.5 25 5 6 ¢
Aqua Regia, theas EDTA 3.5 | 24 4 6 ¢
Extracted with Solvents 3.5 20 2 3 c
. Hammermilled 21 21 8 - 10
Crocidolite | s ated to 1100° F
- - (10 hours) 10.5 21 4 - .17
. Heated to 950° C
(two hours) - 1.75] 20 3 -— 17 ,
Aqua Regia, then EDTA 1.75| 31 — - 16 ! N
= mwesweit ee—— -} .Aqua Regia + EDTA + .| ... N T B S _-_,___-,Q,"l
950° C (two hours) 1.75] _20 | — - 20 [
. 2 . 0 Ié\,"
. Q"
- Se ,Q /
) : (The first four items under each type of asbestos involve groups. /a:/
( of rats concerncd with the study of the inflammatery component. Gt
' The other {tems represent groups of rats concerned with the study .
{ the oncogenic component) S21
. THIS DOCUMENT WAS NOT A RECORD OF
i ' PPG INDUSTRIES, INC. DID NOT COME FROM
- IT'S FILES AND CANNOT BE AUTHENTICATED

BY PPG INDUSTRIES, INC.




6.
TABLE 2
Tabulation of Groups of Rats Iniected
Intrapleyrally with Processed Asbestos Dust
Material How Procu.scd Dose No. Death in Moy, Now
me. | Rats 6 12 Living
Hammermilled 50 23| —- - 22 -
Heated to 1000° €
. (two hours) 50 20 - 20
Amosite Agua Regia, then EDTA 50 20| =~ - |- 1
Free of Metal Contact [ 50 20 - — 10
ch i1 Heated to 900" C '
Tysotile (two_hours) 50 24 - 10
Hammerrailled 50 20 — is
Heated o 950* C
Crocidolite (two hours) 50 20 - — 20
Agqua Regia, then EDTA 50 2l - - i9
Aqua Regia + EDTA + ’ . .
950° C (two hours) 50 20 - . 20
i8 16%
(Those animals that have died before the six.month ‘perioc:; are
not listed in the tabuhti.on'_)
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ABSTRACT

Fibrous quartz, chrysotile asbestos, and tremolite tale dust, all of
respirable particle size, injected intratracheally, procduced polypoid pro-
liferative inflammations within smaller .air conducting tubes as well as mwore
peripherally. With time, the inflammatory tissue became converted into
collagenous scars which often caused pe'rmanent. deformities of brpn'chi a‘r.d
bronchioles. e e e e a

Following intratracheal injections of such fibrous dusts as gynthetic
chrysotiie. ceramic aluminum silicate, silicon carbide, glass, or brucite, _
the main pulmonary response was a3 macropr.ze reaction with minimal stromal
participation. In addition, within four days after the injection, therc were
foci of polypoid proliferative inflammation but limited to the morc peripheral
respiratory broenchiole and alveolar ducts. Because thes; polypo‘id lesions
did not collagenize, did not destroy the anatomic integrity of the air spaces,
and because the lesions were reversible, the dusts calling forth this type
of response must be classed as biologically "inert." Furthermore, the
polypoid lesions are believed to be artefactual in the sense that thei.r pr duction
i{s determined by the method of introducing the dust into the lungs since sudi:

lesions arc not seen in animals in inhaling high concentrations of the samec dusts.
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With the {nereasing production and use of {ibrous matarials, Luth th
natur;n.y occurring and that industrially produced, the dust created by thuir
fragmentation is becoming more prevaleat., We know that one type of nu-
turally occurring fibrous dust, namely asbestos, is biologica'.lly active and is
capable of causing extensive and fatal scarring of the lungs and somc kinds of
this mineral have been associated with the proc}uction of cancer.

Inasmuch as it is not known exactly what it is about the asbestos dust
parﬁicle that is re;ponsible for its pathogenicity, the simplest explanation
which seemed to be attractive to many in the past was that the pathogenicity of
asbestos and, therefore, also of all ﬁbr.ous qh;sts.wu related to the fibrous
shape of the particles. According to this theory, when the fibers are inhaled,
their sharp ends traumatize the cells which they contact and {ibrosis results -
{rom the mul:ii:le traumata.

Although some years ago we had investigated the pulmonary response
to one industrially produced fibrous dust, namely ceramic t]iummuxn silicate
fibers and found it to be bi.;alogic;ny "{nert, n(1) {n recent years the necdle-like
character of ﬁ-brouf dust has again been implicated as the.'.pa.:hogenic factor,
This has occurred in connection with {ibrous glass dust; the iu:hogenic po-
u;ml of which has been questioned in spite of the Iact that nonfibrous glass
dust has been found to be biologically "inert."(2)

This paper is concerned with a study of the pathogenic potential of fibrous

dusts not heretofore documented and with the 'pathologic effects of thesc, as

u"‘"’
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well as of previously in;rcsticatcd dusts that havc not been repurted. This
study is part of a more basic investigation being conducted in cooperalion
with the U. S. Public Health Service and industry,” the purpose of which

is to determine the locus of pathogenicity of asbestos dust,

METHODS AND MATERIALS

A tabular summary of the types bf dust studied, the number of rats
employed, and the dose of dust administered, is given in Table 1. lIncluded
under any one type of dust may be two or more materials {rom different
sources of slightly differeat compositions but .grouped together because, for
the purpose of this study, no signi..'.i.cant difference was noted.

For instance, microquartz prepared at the Johns-Manville Rése;rch -
and Engineering Center consisted of resintered, acid-leached glass fibers
with an originally high alkali content. The average diameter of the fiber was
1.2 . Two batches had been prepared: one with a metallic nickel ¢ ntent
of 0.11% and the other, .o.‘. 3.1%.

The natural chrysotile was also of two kinds; ane had been ball milled
and then hammaer milled. In the latter process, besides being reduced to

submicronic dimensions, it also acquired an increased nickel content from

the nickel-steel alloy of the hammers. The other was comminuted by ball

L i s———

milling only.

* Grant Number 1 KO1 U1.00849-01, U. S. Public nemh Service
(Aabestos Dusts, Their Pathogenic Components).

= - 9216
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The talc dust was of the tremolite variety and there were two kinds:
one had a high natural nickel content and contained fibers with an average
diameter of 0.2 u; and the other, a low nickel content and contained {ibers
with an average diameter of 0.1 g. -

Two batches of synthetic chrysotile were employed. One, prepared
at the Mellon Institute, Pittsburgh, Pennsylva'qia. had a purity of about 90‘/’..‘
The Lmpurities consisted largely of brucite (Mz(OH)z). The diameter of the
tubular cryst\a.ls averaged 0.02 p and their length varied from 0.0(8 0 0.17 u
The other batch was synthesized at the Jphnl-Ma.nville Research and Engi-
neering Center, Manville, New Jer_sey.' Its purity was 99.4‘,";. The average
diameter of the ;rysta.ls was 0,03 to. 0.04 u with a length of 1 p or less, al.
though a few fibers were up to 5 u in length. Both lots gave X.ray diifrac:ion )
patterzns typical of chrysotile (Fig. 1).

Five different varieties of fibrous glass were injected into rats. These
averaged about | g in diameter. One was etched, two were uncoated, one
was coated with a textile-type of binder (mostly starch), and the last was
coated with a phenol-formaldehyde re.a:ln type binder (useci largely for
{nsulation). - *

The ceramic aluminum silicate fibers (Fiberfrax from Carborundum

Company) had an average diameter of 2.0 u. Two batches were used: ne

-—
— - - w— k- —

had been ha.mmei- milled to increase its nickel content; and the other was
briefly comminuted in a glass tissue grinder. The silicon carbide whisk rs,

also obtained tro:ﬁ the Carborundum Company, had a fiber diameter ranging

between ?HE‘B&C@MEM‘WA?%‘P FA98i58,bveen 100 and 750 .
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Amorphous magnesium silicate was used as a nonf{ibrous contrul

T

dust. It was prepared by reacting a solution of magnesium chloride with
a solution of sodium silicate. The resulting prec.ipitatc was washed with
abundant water and a standard Suspension was prepared,

All dusts were suspended in water, the conc?atra:ions depending
on the amount suspended in 1 ml water which could be injected without killing
the rats. Most suspensions contained 3.5 mg dust per ml. Severa]‘.' sus-
pensions contained 25 mg dust per ml.

A total of 424 rats were injected intratracheally with these dusts.

In some groups the total dose was ;c_!minis tered by as many as four in.
jec'tio;:s. The injections were made under light ether anesthesia th.h the

aid of an illuminated laryngeal speculum that allowed the introduction of a -
spinal-type needle between the vocal chords under direct observation,

In or;:ler to study the early pulmonary response to the various types of
dust.‘ four rats were killed {rom each group four days after the first intra-
tracheal dust injection. ".L'he rest were allowed to live out their lives. The
lungs of all animals were distended with 4% formaldehyde -solution under a
h‘ud of10to 12 em witer. Paraffin sections of the lun.gs were stained routinely
'-it.h hematoxylin and eosin. Pertinent fields were photographed and after

{mpregnation with silver, the same fields were rephotographed in order to

- ams e EE A e me— -—— e ® -

study the relationship betwcen cells and stroma. Inorder to‘study the re-

lationship of the dust to the {esions, some sections, cleared unstained, were

R - -
prpT—— ] e
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examined or photographed under dark.field illumination; other sectivns were

subjected to microincineration and were similarly examined or photoygraphed

under dark-field illumination.

RESULTS
Four days after the intratracheal injection, the lungs burdened with

asbestos, tale, and microquarts showed a p:olifcraﬁve inflammation in-

volving widely scattered smaller bronchi and broachioles. This was char.
acterized by polypoid processes of avascular fibroblastic tissue rich in

argyrophilic {ibers which enmeshed laréc amounts of the injected dust,

These polypoid structures originated Iru;:: one or several widely separated

ulcers in the mucosa and distarted the brenchial lumen, coanverting it into
disconnected circumferential channels that teaded to enzircle the central

stromal plug. These channels quickly became invested with aormal appearing

ciliated columnar epithelium. Within a few months, the argyrophilic {ibers

were replaced by dense collagenous tissue.

The lungs injected with asbestos dust had, in addition to the pr lif rative

. inflammation in the smaller bronchi and Broanchicles, similar lesions in the res-

piratory bronchioles and alveolar ducts. These more peripheral polypoid struc-

tures originated from one or more of the evaginating alveoli. Althoughth f{ r.

&l

mer. did not become covered with epithelium, “gi,_bappcngd_jg_;he_t_errminal bron-
chioles and larger passages, thley did become converted into dense collagen and

as a result, underwent considerable shrinkage (Fig. 2).

o
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The lungs injected with tale showed numerous foci of proliferative
inflamma.!ion in respiratory brunchioles and alveolar ducts similar to
those encountered in lungs injected with asbestos (Fig. 2); and like the laiter,
considerable shrinkage of the lesions occurred months Jater when the ini-
tially argyrophilic stroma became converted into dense collagen.

The main pulmonary response to the dul.ts of syathetic chrysotile, cer-
amic aluminum silicate fibers, fibrous glass, brucite, and silicon carbide
whiskers was the mobilization of macrophages which, filled wi:l:x dust, occupicd
alveoli evaginating off respiratory bhronchioles and alveolar ducts along with
much extracellular dust. Thc-walls of th-cse al:feoli were thickened by a com.

. bination of surface cell enlargement .and arborescence of the septil argyro-

philic stroma, Perhaps the most interesting feature of the pulmonary response

was the development of fibroblastic tissue processes {rom one or several of

the evaginating alveoli of respiratory bronchioles and alveolar ducts. This fibro-

blastic tissue, supported by argyrephilic stroma, extended in a poly‘poid manaer
into the lumen of the parent structure (Fig. 3). w;u developed by the { urth
post-injection day, these lesions were less numerous by the fourteenth day and
could not be found six months and longer after the injection. Collagenization

of these lesions was not observed at any time. Evidence of the dust injections

was still present {n the form of dust-laden macrophages scattered throughout the

section, but these were le's.s aumerous, loose, and usually separated [rom one - -

another, and the walls of the air spaces in which they were {ound now were thin

k - r
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. and delicate. Along with the disappearance of the intraluminal pelypoid

inflarmnmatory tissue and the reduction in macrophages, the amount of dust
in the sections appeared to undergo a parallel reduction.

The lungs of rats injected with amorphous magnesium silicate also
showed occasional proliferative polypoid fibroblastic inflammation in
respiratory bronchioles and alveolar ducts and, like the lesions associatvd
with synthetic chrysotile injections, thex were no longer found some mcnths
later. In the main, the pulrnonary response was a macrophage reaction

with minimal stromal reaction. Giant cells were also prominent.

COMMENTS

According to the commonly accepted definition of a fiber, 3 in_rticle
whose lengt® is three times its diameter or longer, synthetic chrys'mil_c
certainly is fibrous. 1In one batch (Mellon Institute), the individual particles
when viewed under an electron microscope, are tubular crystals, the dia.
meter of which in relation to their length is such that by no stretch of the
{magination can they be considered nec.dlc-likc (Fig. 1A). Nevertheless, this
material, injected intratracheally, has produced proliferative inflammatory
lesions similazr to those produced by injected brucite. Furthermore, iden-
tical lesions have been seen in an occasional anirnal injected with amorphous

magnesium silicate. It, therefore, appears that the .g?oli.ferl.tivc_i.?.ﬂamma.

— e

tion noted four days after synthetic chrysotile injections may be ascribed to

the high local concentrations of magnesium silicate associated with the

intratracheal injections. y ]“33‘5535333--' 5221
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§n view of the proven biologic incrtness of ceramic aluminum silicare, (1
silicon carbide, (3+ 4) and of glas's. (2) it is difficult to explain the production of
the proliferative inflamrnation observed {ollowing intratracheal injection’uf the
‘needle-like particles on any other basis than that of mechanical trauma. It
would seem that the injection under pressure from the syringe causes ’he. fluid
to emerge from the needle with high velocity. ,Also, the {ibrous particles, tending
to align themselves parallel to the stream would thereby tend to i.mpinge
point first on the mucosa of branching conducting tubes and the possibiliry
of multiple small traumata, amounting to abrasions, becomes a ércbabili*y.

Nevertheless, we are faced with apparent contradictions. When we'
first investigated the biclogic potent;a.l of ceramic aluminum silicaté fibers, (“‘

we did not observe the proliferative inflarnmatory lesions described above.

The reason for this failure lies in the fact that these lesions disappear with

time and we had not examined the lungs during the first t-v_vo‘ weeks alter t.h;

intratracheal injection.

Apother highly lignmcant contradiction lies in the fact that such polypoid
intraluminal proliferative lesions as a.r‘e found following tl.u intratracheal in-
jectio:{ of ceruir..\ .fibrous dusts are not eacountered when the same dusts Are

inhaled, even in high concentrations. Examples of this coatradiction are chry-

sotile asbestos and fibrous glass, Animals have been exposed to hizh concen-

——— A — ——— — o -

trations of chrysotile asbestos dust in inhalation chambers for more than a year

without such polypoid-proli[e.ntive lesions having been observed, (5 6) We have

pa—
—— --_--——-
-

. - - fk
F 0022357 ) ‘
THIS DOCUMENT WAS NOT A RECORD O 59022357 L 5o
PPG INDUSTRIES, IMC. DID NOT COME FROM 122 22
{T'S FILES AND CANNOT BE AUTHENTICATED

BY PPG INDUSTRIES, INC.




. under study at the prescnt time rats and hamsters that have inhaled coated

and uncoated {ibrous glass in conéentrations approximating 100 mg/m3 for
over one ycar without detecting any such proliferative lesions (7} (Fig 4).

We are, therefore, forced to conclude that fibrous dust, when in-
jected intratracheally under pressure, may produce mechanical trauma
resulting in inflammatory foci which, however, resolve and di.aappear with
time; these lesions must be considered artefactual.

The difference between the proliferative lesi‘ons produced by the
intratracheal injection of {ibrous quartz, llbe.ltol. and talc on the one hand
and those produced by similar injections of synthetic chry:ot:;xlc. silicon
carbide whiskcr;. fibrous ceramic ;luminmn silicate, fibrous glass, and
brucite on the other hand is the difference between the deformed bron'chi
and bronchioles caused b.y perrmanent scars and short-lived reversible lesions.

Viewed {rom another angle, the prolueraﬁ;e lesions prodiced by all
the {ibrous dusts invlestigltcd except those of quartz, asbestos, and tale
have the {ollowing characteristics: ‘

1. significant colhgeainﬁon {n the reacting lung ;il.me is absent

2. the anatomic integrity of 'thc air spaces is maintained in spito-

of the presence of dust therein

——

! BB 002235
3. the lesiona are reversible -----—-—-_..E_.'

- - -
- a1 N ——

These features are those of biologically "inert" dusta‘a) anc?justify‘

classifying synthetic chrysotile, fibrous glass, brucite, silicon carbide

A\ X} . .
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whiskers, and ceramic aluminum silicate in this category in spitec of the

polypoid proliferative inflammation produced when thesc dusts arc injected

intratracheally. The proliferative inflammation is considered to be arte.

factual, dependent upon the injection technique,

.o
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Tabular Protocol of Rats |

Injected Intratracheally with Dusts

Fiber No.
Dust Diameter Rats Dose Mo rtality (i)
{(microns)
Microquartz (a) 1.2 62 25 mg 26%, in 6 moanths
45% in 15 months
Natural Chrysotile (b) 0.05.0.2 55 10.5 mg + 14 mg| 90% in 18 months
0,2-1 . 100% in 24 months
Talc (tremolite) (c) 0.1 0.2 50 | 25 mg 40% in 6 months
44% in 6 months
Synthetic Chrysotile (d) | 0.02 - 0.04 | &5 14 mg + 45 mg 22% ia 12 months
; 83% in 24 months
Ceramie Aluminum .. 2.0 80 | 10:5 mg 72% in 18 months
Silicate (e) . 85% in 18 months
Glass (D) 1 ri 10.5 mg 67% in 12 months
100% in 18 months
Brucits 2-3 15 | 10.5mg 47% in 12 months
73% in 24 months
Silicon Carbide (g) 0.5« 3.0 22 3.5mg 18 rats sacrificed
at intervals (a0
deaths in 6 months)
Amorphous Magnesium 10 75 mg 10% in 6 months
Silicate (h) .
. 1 BB 0022361 |
P a. High nickel, 35 rats; medium nickal.' 31 rats; and lowomickel ~27 rats

b. Ball.milled dust given to 40 rats and hammer-milled dust to 15 rats
€. Talc with high and low natural nickel content (given to 25 rats each)

d. ‘One batch prepared at Mellon Institute;-the other 4t Johos-Maznuille __  _

g
i.

Research and Engineering Center
Named Fiberfrax, obtained from Carborundum Company :
Groups of 15 rats given dilferent kinds of {ibrous glass: 1, etched
glass; 2, uncoated; 1, coated with starch binder; 1, coated with
Tesin ’ 5228
Silicon carbid whiskers from ‘Carborundum Company P
Prepared by reacting sodium silicate with MgCl; and washing precipitate
Range { mortality in months of dilferent groups '




LEGENDS OF ILLUSTRATIONS

Fig. 1A Tubular erystals of synthetic chrysotlile prepared at Mallon

Iastitute, Pittsburgh, Peansylvania.

Fig. 1B Crystals of synthetic chrysotile prepared at the Johns-Manville
Research and Engix;eering Center, Manville, New Jersey.
Note that these crystals are longer and needle-like; also, thﬁt

the magnification is approximately 1/10 of that in Fig. lA.

Contracted, densely collagenous scar in lung of rat injected
intratracheally with 3.5 mg very Ii.ncly comminuted chrysotzlc
23 months previously. The scar prob;bly reprucnu an ob-
literated bronchiole as judged Sy the size of associated blood
vessels on its right border,

Homatoxyllx; and eoson. X 150

Acid-insoluble uh pattern superimposed upon the same field
as in Fig. 2A. It shows three dense deposits of chrysotile dust
in what prob-tbly was origimily the lumen of the bronchiole.
The "snow" in the background {s artefactual.

-—-ﬂ"

Microineineration. X 150 T 0022362 )

l-—B——B--—- e

A polypoid masT dinflammate rrihﬂwpiu_m._l.umgu {

a respiratory bronchiole. Scattered macrophages are secn in
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Fig. 3A

Fig. 3B

Fig. 3C

NOT LUme v v v 2ol

LEGENDS OF ILLUSTRATIONS (coatinued)
many alveoli. Rat injected intratracheally with 3.5 mg ceratnic
aluminum silicate and killcid 4 days later. .
Hematoxylin and eosin., X 150
Polypoid ma.'.uel of inflamrnatory tissuc occupying the lumc;n
of a respiratory broachiole (middle left) and th; lumen of an
alveolar duct (lower right), respectively. The inflammatory
tissue is loose and cellular, Transparent fibers and a giaﬁt cell
are seen in the polyp in the lower right portion of the field; Rat
injected intratracheally with 3..5 mg glass fibers and killed 4 days
later.

Hematoxylin and eosin. X 150

A terminal !':rnnvchiole containing a polypeid ma.u of in{lammatory i
tissuec enclosing numerous opaque fibers. It is of interest that

the inflammatory tissue is already (96 hours) covered by 5;nu-

chiolar epithelium. Numerous leukocytes are praseant. Rat {n-

jactad intratracheally with 3.5 mg silicon carbide whiskers and

killed 4 days later. -
| BB 0022363 1|

——— S

Hematoxylin and eosin. X 300
t

This field is typical of findings in the lungs of rats that had inhaled

fibroas glass dust (100 mzlm’) for 232 days, 6 hours p?:_ day.

It {s to be noted that there is no fibrosis. The alveolar walls are

thin and delicate bit small clusters of darkly staining alveolar

i
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LEGENDS OF ILLUSTRATIONS (¢ ntinued) ' e

FTig. 4A macrophayes are present in alveoli clustcred about some
alveolar ducts.
Hematoxylin and eosin. X 150

Fig. 4B The same fiéld as in Fig. 4A after decolorizalion az;d silver
impregnation showing minimal stromal renction;which is
limited to the regions where macrophages are clustered and
consists of arborescent reticilin fibers.

Corden and Sweets. X 150

Fig. 4C This is the acid-insoluble ash pattern superimposed up~= ‘e
same photograph as in Fig. 4A. The large amount of {ibrous
glass dist demonstrable and the insignificant tissue reaction
to its preuice point to the biologic "inertness" of this {ibrous
dust. The "snow' in the background is artefactual,

Microincineration., X 150

| BB 0022364 |
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