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SUMMARY

Seventeen potential carcinogens (three types of asbestos in seven
forms, six types of fiorous glass, two types of silica and two types
of metal paiticieS) wete applied directly to the pleura of Tate on a

fibrous glass vehicle, In a 2 year period W‘_ﬂuiéa,

‘ chrysocilc}‘, and three different specimens of crocidolite yiaided aq:naliy
high incidences of plewral mesotheliomas., Hand-uiiled crocidoiite ore
nol exposed to extraneoz.xs oils or metallilc nuun'g yielded dose~valates
tumor responses comparable to those of convestionally milied ashestoses.

Heitaey pulverized fragments of the sieel mill nor nickel meral at doses

exceeding potential contaminating levels yieided fumors. The intact

‘N-q.."

£ibrous glass vehicle 4id net induce mesctheliomas nor did the absence
of the pilass vehicle alter the incidence of crocidolite induced tumors,

’ J However, when the fibrous glass vehicle and two other t:ypes of fibrous ) ‘J‘
$ et o
glass of relatively large dimetgﬁuexe reduced to smaller fibrous
\
fragmenss snd applied to the pleurs a small ocumber of mesotheliomas 4 "-’;—}

fe, . -~ 7
were observed. Similarly, one of two samplies of. mon~fibrous silicé"f‘;_/

vialded a single mesathelioma:? o forms of an -especis :!zw fine fibrous
PRI PR SRR ¥ Py
SFT g ass,ﬁfurther reduced by mi{liing to epproach the size of asbestos

particles, induced modevrately high fnsidences of msothelicms$ Netably,

asray,

Y ————

. the crocidolite thatz “induced a high incidence cf masathelionas, {nduced
! \
\ fewer mesotheli{omas vhen reduced to a much finer form by excessive milling ;

e W I o+ 44 S g v b AT “;-;} ey e
These ohservations suggest that the- careinogenicity of asbestos an%l &Klaas

is relaced to strugtural ‘eatures rather chaa acquimd or intrinsic

physicochemical proparcies.
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IpcrcduC£ion

Mesotheliomas of the pleurs and antecedent fibrous plaques, comparable
ta those resulting from gsbestos exposure in man, can be induced readily
in the rat and hamster by direct inrrapleural applitation of asbestos
{(1~8). Such experiments wor only attest to the carcinogenicity of asbestos

but offer an excellent means of investigating those carcinogenic mechanisms

i - i \ -
inhkerent to the asbestos fiber. E f, ?f

Three years age we began a sarfes of exyerimén%s based on inisial
investipations which puggesred that quantitative dac# could ba obraitted
1f treated rats were chaerved for rwb years {3). Open thoracotomy was
employsd of apply asbestos on gelacinvsatuéated glass pledpets directly
to the pleura. The glass pledgets acted as a scaffold to uniformly
distribute and retain asbestos over 2 large srea of the pleura, and

in the absence of asbesros asted as an irrigant that could serve as a

sontrol on the specificity of the carcinogenic response. In themselves, the

glass pledgets do not appear to be garcinogeneic, nor do they appsar

to increase the incidence of asbestos~Induced mesorheliomas. However,
weg have continued o use the pledgets as & vehicie for the sake of con~
venience and accuracy. The results of 28 experimenss which demonstrate
the remarkable carcinogenicity of asbestos and offer sone insight into

the narure of this process are reported here.
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-Methods | | - ) (et ok
. ._\II !-Ti“ . -?
Twelve hundred weaning, pen-bred, pathogen-free, female Oshorne« g

Mendel yars, & strain noted for hardiness and tolerance to surgieal

procedures, Gere house five to a metal hanging cage and fed conventional

laboratory chow and water ad 14b. Test materials vere implanted on the

pleura whe; ¥ats were between 11 and 16 weeks of age, with the exceprion

of two groups treated berveen 42 and 47 weeks of age. All groups were

observed daily for two years, and survivers were xilled during the 25:h

aonth after treatment. Detalled gross necropsy, findings were recorded

on 972 of the rats and his?oiogic sections vere examined from the implant

sita and &l other grossly abnormal :issue;. Seiected neoplasms were

stained with PAS, toluldine blue, mucicarmine, and Hale's stajin for

&cld mucopolysaccharides, dbefore and after digestion, with diastase

and hyaluronidase. Comcurrently, 256 untreated rats were kiiled ip

groups of 50 at 6-month intervals during the 2+1/2 years. These controls,
o . 3ike several -thowsand “praviously studifed in this laberatory had no primary v

intrathoracic neoplasms octher than a8 rare thymic lymphoma and a distribution

of neoplasus outside the chest essenrially 1ike that of the experimgntal

groups.
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In ocur gelonies, the average lifespan of this strain of rats is
less than three years; consaquently, mertality frow disease other than
masothelioma was bBigh during the latter half of the experimenr. Periodic
epldenics of moute pneumonitis were readily contrelied by oral
tetracycline therapy; however, the partially compromised function of the

,Iia _ treated 1&5; luag grearly increased mortailty #n rats that had contra-

lateral pnéumouitis._ Buring the second year of life the mean incidence

. of mammary neoplasms In this strain is spprcximatély 36%. Mammary tumors
wera surgically removed, care being taken :h::ough histologic examination
re insure that those of the left thorax did not represent invasion from
underiying pleural neoplssms. WNeoplasms of the adrenal cortex and genital
organs are alto comnon during the second year of life. Because these and
other diseases represent a significant mertalify factor, novation of
significant lesiens as well a3 time of death of each rat is recorded.on

the texr-figures.

02 215 0736




'riza.; method of introducing the test Qaaarial te the pléura was
described previcusly (3. Thin pledgets of &atociaved SCORYEE fibroﬁs
glass measuring approximately 30 X 20X 2 m vere trimmed to weigh
4% mgms, Yhe test material At appropriate dosage was suspended in varm
10% gelatin and, during continous agitatiem, 1.5 ml aliquots were

-

spread over the surface of each glass pledget. Control pledgets were
treated with efrher gelatin alone or additional glass.” ALl pledgets L
vare allowed to harden at 4°C. The treated surface of & pledget vas
placed directly against the visceral pleura of the left luog through

& 3 cm rib-epreading thoracotomy ium vats amestherized with open-drop

ether. The incisiop was closed in layers to Insure against leakage to

subcutaneous sites. Post-operative mortality was less than 3%.
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2 : . Marerisls

Sevmte;n materials differing in composition por structien ware
applied te the pleura. Physlcal and ehen;ica}, data on the asbestoses
have been reported in detail (§-12); data on other materisls were often
sparse. In each ilass and.gsbescos sampie, particl.es varied from

_ sﬂmc:os;:ogie to wacrpscopit dimension An both length and diameter.
Assegping this range quantitatively 15 a prodblem not yet solved, but
to obtain a simple estimate of size distribution, sliquots of the

e
" materisla thar had been appliied to the piedgecs were suspended in vatey

vy or forwvar, air~dried on glass slides, and phatographeé at 250 and 360D j

W of M
magnificncions (Figs. 1“18) From the 1000 X photographs, 1000 7 (“/;}

consecutive particles were counted and assigned to 30 ranges of dimension l‘_»"'?”i":y
{table 1}. Similar preparations impressed on fomar—coaf.gd topper prids
~ , were examined in an AEI-EM6B elecrron microscope. At ~""{"‘ gt ‘4-,«_-.:.
/Y}'{ maractzeri{zation of the test samples hive been abtained from
A 'k Informution or andiyses made in this lsboratory or supplied by

*
manufactivrers And PIDLRSSOTS.

*e are inde‘ute‘d to Jehns-Manville Research and Engineering Ctr., Manville,
' R.J.;.Ouens-()ctning Fiberglas Corp., Toledo, Chio; Corning Glass Horks,
'Comiag. N.¥.; Pneumoconicsis IR&eearch Unit, Llandough Hospital, Cardiff,
Wales; Natiopal Bureau of Standards, -Ul.s. Depe. of Commeree, Caithersburg,
Hd.; dnd the Nation_al' Buveau of Mines, . V.8, De*pz:. of Inte'ricr_, Coliege,

?atk‘ H&v

02 215 03¢
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Cogrno Conted ¥ibrous $lass ?ehieia% .The glass pledpets used in

S s experiments were from a sivgle source of flexible, thermal fssulation
- fibrous giass'of thé type used in builiding coqs:ru£c1on. They tonsisted
of meshvorks of long intertwining srrands of borosilicate glass coaééd
with & heat cured phencl-formaldehyde resin. They contafned fo addition

to §10, the oxides noted in tsble 2. The sivasds wexe of dtaneter#
‘ 3« to 10-f0ld that of the asbestoses with & mesn diameter of 6. 5 u and
a few fibers in both the < 1 w and > 25 y range. The counts indicated fn
table 1 are skewed by the predominant large fiders that vere compiaxlg
{ntertwined and excesdad Lengrhs of 32D w. The great length of the
fibers made it Impractical to assess the number of vhole fibers per unit
J -weight with accuracy.

PICC Standard Reference Samples of Asbestos {Crocvidoiite Ampsite,

Carysorile AY:r The International Union Agaius: Cancer oo the recommendation

of a vorking group ip 1964 mstablished Standard Reference Asbestos Samples
(SRAS) of the maior types of asbestos prepared from as pure a parent
waterial gs possible ($,10). Three ¢f these samples, crocldolite, amosite

and chrysoerile A ave included In the studies. The VILC-SRAS crocidolite

served as & baseline for compavative mtudies with the other materisls.

The ssmples were recelved from the Fneumoconiosis Uoir, Llandough Hospital,
renarch; Wales in polythene plastic bags and were stored fn glass containers.
All three samples have been characterized both physically and chemically

in previous reports (11, 12). Our ovn measurements on the samples

codncide with the reported range; howaver,_difiexenn farameters of

peasurement wera used in tabie 1.

02 215 0740
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§9uth*ﬁfricén Crocidotite {Wagner Preparation)..This

sampie, obtalned from br. J. L. Wegner, 15 fine milled crocidol]te
.from a single source of Northwest faps Blue asbestas. it was
orlginally used to determine carc!naéeniglty In the rat by

Wagner =t 3!, and Harington, st a1.{), 2, §, 6).and later by

our laboratory £2). Physleat and chemical propertles have been

docunented and coincide with the measurements ln table 1 {1315},

.GICC-SRAS Crocidotlte {partially putverized}~-To tresat
ashestos in a manner similar to tﬁat of sowe glass samples, the
BILC~-SRAS cracidolite was partially pulverized in a Spex model
5000 stainiess-steel batl aill {Spex tndustries, inc., Metuchen,
¥, J.}, operating at 3200 rpm for i«1/2 minutes, using 1% mgm
Eégds in 7 m] chambers. The resultant differences in particle
size and reduction to particles, that by optical standards
appesred nan-fib;ous 1.2+, dimensional ratins of 3:1}, are
Indlcated In table 1. Xeray diffraction dnalysis of samples
of this crocidellite after comparable pulverization was carried
out by both the Rations] Buresu of Standards and by the Johnse
Kanville Rescarch and Enginesring fenter. The results of these
analyses indicated a persistence In the diffraction !ines
characteristic of crocido!ite, although areas bensath seiected
peaks were reduced. Electron mIcrqscop%c examination indlcated

that the non-flhrous particles by optical Standards were-essentﬁaiiy
'c!umps of submicroscopic fibrlts {fig. B), consequently the chahgcs
In the Xeray diffractfon pattern most probably Fepresented changes

in fiber size rather than loss In structure;

82 215 0741
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viggzﬁ {rocidolite Cre, Haﬁd RilYeg;«+This material was

obtained as 2 single hand cobbed ore specimen measuring

approximately 8 X 8 X 10 em ‘through the courtesy of Mr. L. N.

Kuyper, of Cape Asbestos South Africa (Pty.} Ltd. Huch of the

stratifled fibrous veln was separated From extranecus mtnergis_
by hand; then, using the two halves of the remsining fibrous
surface 25 a grinding media, the fIbers were ground by hand

to & f!hrous guality that resembled that of the UICL-SRAS
crocidol te.

Virgta Crocidolire Dre, Ball Milled:~=Other portions of

the stratified fibrous veln from the above ote sample weve
subjected to brief fragmentation in the Spex miil untfi, agaid,
they were reduced to 3 guallty comparable to the UI$C-SRAS

grocidolite,

Spex St2intess-Steel HIYY Fragments:.--A stalnless-steel

chamber of the type used In our milling process was reduced to
minute fragments with a carbide steel lathe, and these fragments
were further reduced In size by prolonged 30-minute pulverfzation

In the mill. Host particles ranged in size from 2.5 to 40 u.

This aickel«chrome steel was not analyzed'far trace elements.,

Metaliic nicke] fragments.-~Tha nlckel was purified precipitate
from disintegration of aickel carbonyl, composed of 2 to 100 u
aggregates of particles that rere?ylexceeded_i i in diameter.
By electron microscopy, these particles posseseed_;harp?y
angulated spine~like projectlons over their surface. The sample
origuna!ly obtalned from the Enternatsonat Nicke! Company, Toronto,

by Dr. W, £, Hueper has been reported to yleld Eoca! sarcomas in

the rat at a cumulative !ntrap!eurai dose of 300 mgms (16},
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Other Glatses..-Yhe coarse flbrous glass that served as

a vahlc!e,'and faur other types of flbraus glasses, were testwd

vE i~ 2ey, | - ..7} )
for carclnogenicity after reduction to fiber lengths,roughly El(r

comparabie to those of aspestos by briaf milllag In the Spex
#i1)., Table | and flgures 3~16 indlcate the distridbution of
fiber sizes and particylarly the quantity of such materiais

that were reduced to non«fibrous particles by the milling.

¥hile it was difficult to satisfy ourselves that sufflcient

material counid be examined eisciron microscopically to make

vatid quantitative assessments of the finest flbers it was pﬁtég}

. Lie
apparent that flbers less than 8.5 o In diameter were present .Pi

in all partially pulverized glasses and were particularly iaéﬂg;ﬂﬂ’fgthk’df
aburdant in the AAA flbrous glass. Table 2 iﬁdicates the “-ﬂuiﬂ"mr

. mineral content of these glasses exclusive of the major sillcate *

component and other features prior to milllng -are Indicated below.

Fibrous pyrex brand giass wool .18 a commercial product usad

_in coarse filtration procedures. [t consisted of fong siiky

fibers, S-to-12 p In-dlameter coated With a binder gf undetermined

compositian.

@ld glass woo! 1y an obsolete loose commercial fiber,
popular several decades 8go 28 house Insuiation. The {ibrous
giass was notably irritating for the skin and consisted of

abundant short flbers ranging widciy from 1 to 35 u in diameter

" with many hook-ended fibers. It had the typlcal glass wool

mineral oxide content Indicated in table 2. -

02 215 0744
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AAA flbrous qlass was an especially fime fibrous glass

that was tested because it tended to ap#rﬁach the fiber aégmeters
of ashestos, The mean diameter of whole flbers was 8.22 u

with a range of .06 to 3 4. Two forms of this glass were

test2d after partial pulverization to reduce fiber length:
sncoated glass designated AMA-y and identizal giass coated

with a‘hreanfurmaldehyde rasin designated AAA-c. The mineral

‘oxlde content and s51ze range of the two after partiat puivertzation

were sssentially Identical {tables ] and 2), -
Silicon Dloxide.~= Two forms of purified especially fine
-, mw -
particulate $10, {sitlca soot and Cab~0-5i]1) were tested. Both

samples were prepared by fiame hydrolysis of si!jca tetrachloride

and were more than 93.9% pure. A considerable difference in

" particle size was apparent between the two types of sitfca at

the optical Tevel {table !, figs. 12 and 15), However, of
more significance at the submicroscopic level, these particles.
were composed of aggiatinated clumps . of minure spheres that

ranged In size from 5+15 am for silica soot and 50-150 nm for

Cab-0-§11.

02 215
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. . Resulity

Anglysis Of tumor ¥ésldim The results of 28 experiments, sach employing

30 rate, are shows in taxi~figures I~7. The text-figures are arranged iz

N 1dentical :b?mnt for compnring datw, anéla;e sufficlently detalled to permit
" alternativs meiloden of caleutation, Sines the cafiiesé menoinel iona won
obaarved 54 vpeks afier Sreatment, wa ;rbitrnriiy corxiderad only thoge
rats that survived the fiprst year af@ar treatusst as the effective nunder,
Yhe over—all 1ncidence of mesothaliomas 4n this effective nusdar 48 recoried
in the heading of each text-figure. In general, deaths from othery causcs
aurlng the gecoend Year were sufficiently conparsdies to wmake dirsct tumor
$ncidence compariscns vhlid, within sach text»fignre ths  space
balse the bpodline repreaente rate dezd during the first year., Jbove thin
lise he 301id aren rsprosents rata dead vith mescihelfona, and the
© outlined area,rats dend from other causcs, MNumbers at the Wue of each
;,xt*zggurg tadainte this inforzation by week. The extent of pleural
_ggirosin at the 1nplgnt site wag acasssed in ail rats haet dled during tho
second year oz a 1«4"5’ #8318 and the predominent valuc is fndicotod st
the lower right of cach taxt-figurc. The major leaions noted in each rat
at desth are ipdicated by sn mlphadetic code within the fext~Tigurs, Faeh
wipbabetic character vepresents Bn organ systen)vtth uppeyr cnse lotters
indicating necplasns and lower cess letlers tepreventing other leniony,

primarily of inflaszation or degenerationy

02 215 0746
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A ~'adrenai, 8 « bone, L - cutsneous tissues, D - muscle, £ - pancress,
: F - paritoneum; 6 « digestive tract, B = lfver, | ~ EENT, 3 = nervous
; system, { ~ respiratory tract, N - ﬁammary gfands, & ~ genitalia, P « pituitary,
Q - thymus, R ~ lymphoreticular System, $ - spleen, T = thyroid, U - urinary
system, ¥ ~ vascular system, W - 5;F§Vary giands, X - no lesions, ¥ -

gereralized disease, 2 « JoSt OF unaccounted.

R e IR
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Texr~figure 1 &~d compare the {ncidente of mesotheliomes affex Q

moximus dose level of 40 ngrs foy four-diffetent types of asbestos.
‘&he eaxilest neoplasm Iin the entiré serias of experiments was det#ccad
i1 the amosite grdupidurins the S4th week, Two further tumors were
detected £; this group before the &8th week, suggesting an earifer onset
of neoplasms with mwosite than with chrysotile or the crocidbii:ssh;a
phenomenon alst apparest in wagﬁaz‘s experiments {2,17). However,
during ail comparable periods of time in the last three-quarters of the
second year, the amulative incidence of deaths with pesothelioma from
the four types of asbest;s was not significantly different, and the fipal
incidences cf pieural nepplasms resslting from the three YICC ashastoses
-were remarkable simdlar (15/25, 15/26, 34/23). The £inal 15720 incidence
- for the H;gnar crocidolite does ot exceed this range sufficiently to
indicate a2 statistically signiflcant differance in tnmnr-:asponSe. it
was considered that.thix.high.iacideéce»range nightrepresent g ﬁaximuw
twmor response and that, for comparatrive purposes, 40 wgms wight repre-
sent an excessive dose. Bur this seems unlikely since half.this dose
of crocidolite in a subgequent experiment showed an apprecisble reduction
in tumor incidence., The extent of fibrosis at the implant site was uniformly
Cbigh in aXl four groﬁps and served as a basis for compa;isons o follow.

One rare neopiasm, a generalized lymphosarcoma ﬁot iavolving the pleural

site, was encountered ia the chrysotile group.
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Text«figures 2a-d illustrate the yesponse with UTCC-SRAS crocidolise

An graded dozes from IO to 3 mgn. With the dats Erom text-figuse ic on

the 40 mgmw dose, it was clesr that a simple dose response relationship

existed both for the app&re#t time of tumor onset asd final fncidence

of pleural nedpiasms, From these daxa, & dose of approximately 23 mgma _ Lo."?

was celeulated by graphle probit analysis to yield 8 two-year 507 tumor ;:’iff.
IR

incidence If deaths from other causes remained constant (38). Fibro~

sis less extensive than thar at AU mgnrs was present In gli rats at doses

of 10 aod 20 mgms, and apprecisbly lesser dékrees of.fibtosis occurré&

&t Jower doses, In these groups, four yelatively rare neoplasms were

nSteé: an oBlecgenic esrcoma of the skull, two hemangiomas of the spléen,

‘and 8 peritonesl ifpoma., Thrge experiments, slong with the controls in

text~figure 3, served as a standard of referesce for the experiments to

foilow.
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?exc?figurea.aawc i1iustrate 3 controls for the previous and

subsequent experiments in which the pledgess of large f£ibered glnss

laden with gelatin salone were employed. In the three experiments, none

of the 50 rats had pleural neoplasms, However, omly 58 rats survived long
enough to-serve as valid treated comtrols; thug incidences of mesﬁthelicmas
lessa than 3730 rats in comparvable experiments could conceiv;biy result

from the vehicle aloas (19). The distribution of ail neoplasms in these
groups was essentially like that in several hundred untreated contzols,
nhusual neo?EQSms remaining as isolated exadples, Alzhough initisl

infiatmatory reactions to the pledgets appeared to be as vigorous az

to pledgets saturated with asbestos, the subsequent histelogical changes

"fodicated far less fibrous proliferation than wirh 1 mgm of crocidolite.

In rats killed at the end of these experiments only minute macroscopic

residues of glass and scar :iss&e could be derected.
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: Text-figure 3d represents the single converse coptroel of the 3
experimgnts above in determining the p;tential effect that the glase
ipledgec might bave on peoplasms induced with ashestos., A medisg &oae
of 10 mgm, UICC-SRAS crocidolite was suspended is physiologic saline
and delivered to the left pleura through an open thoracotomy without
the glass vehicle. Wa expucted less fuwors be;ause ssbastos injected
in this manner tended to pool in the castophrenic anglie and elicited
less {idbrosis than wher applied with the glass vehicle. Bowever,
comparing this resuvlt with that of text-figure 2b, it 45 evident thal,
although the neoplasns tended to be lethal scmevhst lster {n the glass
vehidele group, the fipnsl incidence in the two experiments {9721 vs., 11/27)

{mdicated that the glass neither enhanced nor suppressed the {nduction

: ;
of mesotheliomas by asbesaos.) fﬁff&ifijff:dZZfésaE:v "
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Textwf!gu;as ha-c 11lustrate the resclts of applylng

erocidol itedifferent from the UICC-SRAS crocidolfteln that Jt

way from & single speciman df notrthwest éape crocidoljteore that
was mitied in our'iaboratory using only the ore [tself as a
milling media without exposure to extrlnsic.ofi or metai, After
hand mii!iné to a consistéﬁcy ilke that of the UICC-SRAS crocldolite,
serfal doses were appiied, The Incidence of mesotha]liomas at
levels of L0 and 20 mgms was virtually ldentical to that of the
ﬁICC-SRAS crocidolfte, and at the I mgm level no significant
difference }n response was evident {2725 ys k)}ﬁ} {p> 0.5).

A graphic problt analysis of dose response over this range
indicated that a 25 mgm dose would yiaeld a two year S0 tumor

. incidence compared with the 23 mgm S0% tumor dose for UICC~SRAS .
-crocidolite {18}. The extent of pieurai fibrosis correlated with
dose and closely matched that of comparable doses of the UICL-SRAS
crocidolite and again no exceptional deviation in the incidence of
neoplasms outside the thorax was noted.

The ¢ontrol experiment, text~-figure 4d, illustrates the
result of Implanting 40 mgms of the same crociéo!itc ore after
mélting 1n 2 stainless steei-bali miil. Here again the 15/23
incidence of pleural ncoplasms was vsrtu;lty idenficai with both
the 14/23 incidence from UICC-SRAS crocldolite {text«fig. ic} and
more Impgrtentry with the 18/27 lacidence from the crocidolite ore

.milted by hand {text-fig. kal. .Both implant site fibrosls and
extra-thoraclc tumor incidence followed that of the two previous
crc#ido!!tc tests., .Tﬂase'ihﬁfﬁations':hat mill contamination was not

a factor In ssbastos carclnogenesis were further supporzed by the . . -

experiments J1lustrated in text-fiqure 5. 02 91 Q 0'7!‘)?
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The oxperiments In text-figures 5a-b explored the carcirogenic

potential of nickel chrome steel, the prime metalllc contaminant -
in the milling process and nickel, the most carcinoganic constituent

of the mill. Pulverized particles of nickel-chronesteel from o

mill simltiar to that which was used te process the ¢crocldotize

ore yielded no mesotheiiomas at a dose equal to that of the

highest.-level of asbestos used. Pure nickel metadl a: simlilar

high levels was excessively toxic; all rats were dead with

hemorrhagic pnewnonitls within 60 days. Consagquently, 2 1| mgm
dose, still far In excess of potential nlckel contamination from
the mill, was employed. Toxicity of the nlcke] even st this

tevel was high in the first year, but no pieural neoplasms

. developed In the group of 18 rats which had a survival rate

during the second year comparsble to that of the asbestos

treated groups. -The experiments !n text-figures Sc~d are relevant

oo
e s - .‘._,'
to testing the carcinogenic potential of sillcon, the gredomingne - (. . oo~
. . s . . . o
constltuent of both asbestos and glass, Sliiicon dioxide in the . -

o a ————

form of smooth surfaced spheres of submiztascopic s{ze was uwséd in
both experiments. The result of these two experiments was a
single mesothel foms devalogiag in the eaf!y part of the second
year. ARl Ffour of these experiments with non«fibrous materials
resalited in a ainioum of pleuwral fibrosis, aithough the degree

of fibrosls seemed greater with the steel fragments than with

- the other eaterials., in the nickel ireated group two relatively

rare tumors, a pitultary adenom? and a carcinom2 of the kidney,

were roted.
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The subsequent experiments tabulated in text«flgures § and

7 concern the role that the physical characteristics of asbestos
might play In carcinogenesis. Text=-figure & lilustrates our
first altempts to examine non-asbestafermfibers of a size
similar to asbestos, The %arge fibered glass that we had

used 85 a vehlcle was reduced to short fibers by brief miiling

In & stalnless-steel ball mill and Implanted in two groupé of

‘rats. The first group was young rats as In the other experiments,

but the second group was LO-week-old rats that were used to

test age-related sysceptibiltity, Two further expariments {text-
figs. 6c-d) ware done on flbrous glasses of sltghtly smaller
diameters, the highly irritating old glass woa! and pyrex fibrous
é%ass. The rasylts of all four experiments were essentiaily allke

in that only single pleural! necplasms occurred in each of the

four experiments; the degree of pleural fibrosis was minimal,

and unusual neoplasms occurred only rarely. Although no tusmors

had been noted with the intact fibrous glass vehicie, the sceurrence
of four mesotheiiomas in these experiments ciearfy indicated that "
fibrous glass.could be carcinogenic if reduced to short fibrous He
tengths, Homever, the low (ncidence of mesothellomas, whether

the four experiments were considered separately or coliectively
{4791}, was not sufficient to conclude that the partially _
pulverizad glasses had a higher potentlal for tumor induction

than the Intact giass.
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‘after pulverization closely approached that of mediun s$lzed

- : : ' 2

-

Text~figures Ja-h {ilustrate two Further experiments

carried out In the same way after partial pulverization, but ‘isgﬁf
N i B2 pyrangs 8,082k
employling fibrous glasses of much finer diamefeﬂ\than the

vehicle glass. As noted in the moterials section and table 3,
these two sampies were fdentlcal except for & coating of ureaw

7 S B
formaldehyde resin on the latter. The range in fiber diameters Jj?démb“‘

asbestos fiberﬁf The result of ecach experiment was a8 smail but
slgnificant number of mesotheliomas, 3/2§ and 5728, Thess
incldences {f taken together were sufficient to Indicate &
statisticaily significant Incresse In incidence over both the
intact coarse glass vehicle {B/%4 vs 0/58) or the combined
groups of partfaily puiverized glass of more ¢oarse dimension
{8754 ws /o), .The exterd of pleural fibrosiy was altso greaver

tn these groups than the groups treated with coarse flbrous

glasses.
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Text-flgures 7e~d represent a final set of experiments.

designed 85 controls on the experiments with partially pulverized
glass. Groups of both young ang old rats w§re implanted with
HICL-SRAS crécidof!te that had been treated In the same manner

as the partia!ly pulverized glass, That Is, the Uill-milled

grocidel ite was forther pulverized in our batl mill for

1-1/2 minutes. Oross effects of the additions} mitling were

not apparent; however, subseguent microscopic examlination
Indicated appreciable reduction in particie size {tabie }).
The resulz of both of these experiments was a reduction {n the

number of pleural neoplasms and the extent of pisural flbrosis

. as compared with the four groups trested with croclidolite

mitled conventlonally, Slnce this difference seemed of
particular importance » serles of stavistical caicylations
comparling the dlfferences were done, Although data from

the sxperiment with &0-week-old rats suggested 2 reduced

“incidence; no rats oF comparable age had been trested with

conventionally mijled crocidoilte. Yo compensate for this
difference and the assoclatéd Increased mortality from

extraneous ca#ses, a cunulative mortality rate from mesothe] lomas
corrected for extranecus deaths was plotted for the twe groups

of rats treated with partislly pulverized U1LL~-SRAS crocidoiite

. {text~Figs, 7¢~d) and for the four more ¢onventionally milled

crocidolites {text-figs. lc¢, 1d, Ga, and 4d) by the method of

02 215
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= Piigrim and Dowd {20). Text-figure 8 clearly indicates the
e . consistent mesothelloma incidence from the conventionally

m11led crocldol ites, and the consistent reduction In
mesothel toma incldence throughout the ccucsé of the tvic
experiments with crocidellte subject to prolonged miiling,

A ¢hi square test of comparison of the oversll Incidence of

O vanw il LT =y

meﬁothe!iomas between the skngle group of young rats treated
with partially pulverized crocidolite {text«fig. 7c) and each

_i . of the four growps of comparable age treated with conventionatly
1 milted crocidoiite {tcxt~fi9$. tc, 1d, 4a, and hd) Indicates

the probadility of 2 valid difference to be 95Y% when calculated
for twe of the four groups and more than 89% for the other

two groups, or for the four groups combined.
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‘fonsiderations of Fiber Size In Relatlon to Tumor Yield.~The

results of the experiments In text-figure 7 pointing to dlffarences

in tumor reéyonse relevant to bart!cis-slze orlstruc:ure motivated
an assessment of tbe slze distribution of flbers of the 17 Implanted
materfals. The wide range In dimensions in ;ny one of the 17
materlals made & precise tabulation of the size of Indlviduatl
particles é formidible task. <Consequently, the asslgnment of (080
consecutively counted particlies to 30 ranges of dimenslon was a
;0mpromi$e which gave us a fair sampling of slze distribution in
the optical range. Thls distribution 1 tabulated in table 1,
Part A. The preparations that were counted are 1ilustrated ay

tow magnificaiion !n Flgures 1«18, Extending these ranges to
. ~particles of Submicroscopic s!zfﬂiigzggmigiizjnFecause of the

““““"""‘“*'-«-—-W"‘“““""*M._,
<;Imited sampie $ize that could e evaluated by slectron m£¢r09¢09y\)
LA

o

i i s

. | However, our lmpressionsjcan be ;uwna;?;z; as foliows: in all
'f{ '*'”—:;;:;tos ;nd glass sampies, fibers {j.e., particles with ratios
" of diameter to length of_l:3 or graater} extended nearly to the
Timits of ‘éiecrron microscopic resclucion. Fibers Jess than 1.0u
In dismeter were Far more numerous In ashestos samples than in glass
sampies. S8oth the large and smatl clumps of asbestos that appeared E
non-fibrous [gT8s in the optical range were composed of clumps of /ﬁip?’
microfibrils in the range of 0.05-0.2 u X 0.6-2.8 u {Fig, 8). |In

_ &ontrast, non~flbrous glass particles were irreguiar soiid masses,

g}bingwiﬂeithar the sllice nor meta) samples contsined fibrous partlcles.
“"-(“.‘p\“ '

A ' ﬁickei particles were Irregular, sharply anguiated spiney crystal;

x

both types of sllica were smooth surfaced sphares.
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Since dose was determined by welght, we further derlved

P

an estimate of the number of particies In each dimenslonai range
per unit weight by taking: density iato consideration. Part 8
of table | represents this estimate, assuming that the fibrous
poarticles were cylinders and thar the particlies In each
dimensiqnai range were distr!buteé uniformly abour the mean
velume fgr each range. In the ranges of large sized particles,
particuia}iy those with few particles, these assumptions were
jlable to error. Furthermore, the whole fibrous glass used as
2 vehicle vould not be treated this way sinca the length of

most particies exceeded Fimits that could be measured accurately.

fut despite this defect in methodology, we felt that such

estimaotes might be revealing If only broad differences in

carcinogenic response and particle distribution were compared.
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Consjdered In this way, 3 of the 4 conventicnally milted

¢rocidol ite preparations with equaliy high tumer Incldences

 had nearly comparable distributlons of particles. The one

deviation was UICC-SRAS crocidolite which had fewer large .
9artlc!e§ and a conseguent excess of particles in the finer
ranges‘be;auSe of more complete milling. Similarly, the ﬁiﬁc;saﬁg
amosite and chrysotile preparations with comparably high tumor
tncidences, contalved few particies of iarg; stze, but here

the number of smal] particles per unit welght was far greater
hecause of the iesser denslty of these asbestoses when compared
with crocidelite, ¥From this data we could conclude elther

that fibrous particies in excess of 5 p-in diazmeter were not
essential to the induction of tumors or that these lTarge fibers

vere reduced to finer fibers in yivo so that the uitimate

diseritmtion of fibers would he the same.
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Theﬁériflcai comparléon seemed-to be between the excessively
milied, partiatly puiwérizad crocidotite with Its reduced §nc!dence
of tunors and the conventicnally miiled crocldolites with thelr
high tumor Incidences. Table 1, Part B Indicates that 9;0100936
miiting had pulverized the crocidol ite until no particles wers
greater than 2.5 u in diameter or 20 u In length. Slightty )
more than-half of the sample by ;elght {B4% of the number of
pa}t!cfes} eonsisted of minute ¢lumps not gxceedin§ 2.5 4 In
either dimension that were non-fibrous by optlcal standards.
However, these ¢lumps, 1ike those occurrling less frequently in
other asbestos samples, were composed largely of submicroscopic
fibrils {figs., 7 and B}, Since the number of th&se submicroscopic
fivrils far exceeded those in the conventionally mlited
crocidolite samples It was reasonably to sssume that they were Jess
carcinogenle than larger fibers_and sarved to reduce tumor Incidence
by simply diluting the dose. Presusably, the 20-32% tumor incidences
resulting From this sampie were related to those particles which
retained their fibrous structure in the optical range.
Interestingly, the three dl&ens%onai ranges of fibers represented
in this iow tumor'y!e?d sam@le, each contained more fibers than
thelr counterparts in the samples that ylelded high incidences of
mescthel jomas, Furthermore, if one totalled all of the fibers
in the Towetumor-yield partially pulverized crocidolite, they
ngnbered more than the toté?!ed fibers in the high-tumor~yield
crocidoiites, Thus, [t was evident that the [ncldence of

meﬁothe!iomas did not ra!ata directiy to e!thar the nunber of

flbers ic a partlcutat d{m&ﬁsicnai fang& or thc to¥al number of
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fibers impianted. However, Fhis ressoning did not consider

2 " the fate of the particles after Implaﬁtati;n. Asbestos fibers

: . are composed of bundles of microfibers which readily separate JL*[31
through fragmentation of the fiber. Youch preparatioas from . 8241,;

the !esi-oma suggested that fragmentation frequently oceurred )

Ao vive. it, therefore, seemed reasonable 1o conslder the -

anunber of flbars present In the rat 1€ ail fibers had been

-

reduced to a lesser dimension.

v V? .u-wc-
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Reduéf?opmcf 211 particles to their uitimate submicroscopic
fibritlar dimenslon would, of course, result ts equal numbers |
of the Jow-tumor~yield submicroscopic flbrils In all groups.

But eliminating these submicroscopic fibrils from the caleulations
on the assymprion that thelr minute size rendered them inert
yie!éed different resyits, The smallest flbers that éoutd be
recognlzed by tight mlcroscopy and counted were those with
diameters of approximately 1.25 yu and conseguent lengths of
3.75 3 ~= the approxImate mean dimension of «our smalles:
category of opticaliy vislble fibers. Converting all of the

particiss In excesys of 1,25 X 3.75 u to this microfiber

\\, ) ~\{"}mensicn and excluding atl ¥ibrils and particies of lTesser

W
dimension resuited In the calculation at the bottom of table .

The potential nunber of microfibers per unit welght was roughiy
equal for not only the four high-tumor-incidence conventionatiy
milted crocidelite samples, but alsc the high-tumor«incidence
amosite and chrysetiie samples &s well. Conversely, the iow-
tumor«incidence partially pulverized crocidolite sampie, diluted
by the submicroscopic fibril clumps of lesser dimension, could
yieid only haif as many mic?ofibars as the high~tumetr-incidence
groups. Yhe same reasoning wi - fhf:;?i?d to consider the glass
sampies. We assumed that glass fibers could fragment transversely
as easily as asbestos, but since glass was not composed of bundles
of mlicrofibers, tongitndingl fragmentation would be & rare

event, Consequently, only transverse fragmentation of all fibers

to lengths of 31,75 u was calculated for the glass samples,
' B e

T
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For the two fine glass semples that !ﬂduced-IZ*EB%.mesothe!iomas

the total .n.mbe-r ef calculated aalcrofii;ers wis approximately

= half that of the partially pu!verize’d croctdolite ti;at yietded
20-32% mescthel lomas, and approximataly one fourth to one fifih
that of the conventlonally milled asbestos that yield 8B to
75% mesptheljomas. The three coarse fibrous glass samples
that yislded negligible numbers of tumors had comparably dow

L ASK I

numbers of calculated microfibers that totalled less than a
fifth the sumber of microfibers in the fine glasses and less
than 5% the number of microfibers In the hijh«tumor~incidance

" asbestos samples. TVThe microfibers in tha whole ¢lass vehicle
could be assumed to be less than those in the milled coarse

glass unless the process of fragmentation was ;lerf'e-ctly

efficient.
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Thu;, mesothel foma Incldences for both the asbestoses
and glasses correlated reasonably well with 4he nunber of |
m!crd?ibers in the range of 1,25 ; 3.75 g that theoreticaily
could result from the fragmentation of larger fibers in vivo.
Nhetheg‘the Induction of mesothelfomas Is Indead closely )
retated to this refatlively narrow median range of Tiber sizes

would seem amenable to fufther investigatlons.
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Morphologic Obsarvarions: The primary regpoase of the pleura to all

of the asbestos loplants was # vigorous granulomarcua reaction ending in

47 an d

-the formation of dense fibrous coats firmiy adbersat to the vigceral
pleurs and pericardivm, Tais fihto?s tissue closely ipvested residual
yarciculate han£a§ and was n;mgoscd of avascniar, faterlacing, irmature
spindle cglls and sbundant collagen interspersed with foul of hyalia

and liquifsctive necyosis {figs. 19,20), Pleural fidbrosis in each rat

BERRT IS 2 UL

vas agsessed, grasély and histologically, &s extenyive, moderate, or
siight. TUsling this simple evaluation it was evident rhat for esch
group the sxteéi of fihroeis roughly cnxrel;xeé with the 1nciden;e of.
pieural reoplasms not only in the high and low tumor fncidesce groups,
bét also fn the wedium twumor incidence groups treated with low dokes
‘of agsbestos or fine pulverized glass. Ose of the purposes of the glass
.as a control was to determine whether pleural cell proiiferation in the
milies of es inflasmatery effusion: might act as ae in vive cell cuiture
.wizhﬁambigh-poten:ialjfor'nmnwﬁ?enific neoplastic transformation,
Ideally, ome would expect such a contrsl to vield & reactive fibyrosis as
extensivg 25 that of the sabes;bs, however tﬁis waé not the rase., J¥n =il
of the experiments that yielded £éw or no ueaa:ﬁeiiom&s. irrespective
of the type of ﬁateria& vsed, fibrosis was negligibvle. Reactive sites
" in these groups had an abundance of mosonuclear leukocytes, foreiga
bogy giant cells, and capillafy vesgels, but a papeity of collagen and
;onnec:i?e tissue (fig, 21). The dense fibrous plagues vhich T -
charscterized the primary reaction to qsbgstos:and'pglver#zeé fing.

giass had many of the qualiries of neoplasis {fig. 20), but true neoﬁlastid '
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development by our eriteria was distinguished by abrupt conversion of

the proliferating collsgencus connective tiszsue to masses of closely

. packed, atypical disoriented cells that extended beyond the residual

foreign particulates asd the reactive fidrosis to them, In general,
sbundant sitoses suggested o rapidly lethal course for these peoplasma.
Kaaévez, this way not have been the came gince the data indieate: that
& large proportion of the neoplasss became evideut ouly when the rats
wers killed at the end of the experimeny (textnfiés; 1-7). The latter

neoplasms were not structurally differeat fyowm thoge that kiiled rats

cpariier in the axperiment, and sloce only 132 of the peoplasns

wetastasized or invaded structures adjacent to the thorax (table 3},

the most reasonable explanation 18 that most heoplasms were relatively
slow-growing and remained confined to local sites for long periods of
time. It 4s perhaps significant that a eimilsr slow course often

characterizes the wesothellomas of man (21).
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- ) The histologic characteriatics of the 170 neoplasms were not
G ) ~ unlike those previcusly described (2,7). None could be conceived as

arising from tissues other than the reactive plevral meeenchyme, dut

» _ interesting variazions in structure were evidest {tsble 3)., 7The dominant

celis hed either a spindle or pieowmorphic structure sometimes intermixed « a
phenamencﬁfcoﬁmoa o most pon~epithelial neoplasws In the réi. Additionelly,
sowe contsined glant multinucleate cells, other osteogenic faci, and 4

few had tubulopapiliary patterns suggesting surface covering features of
wesothelium (figs. 22-26). Efforts to idenrify hyaluronic scid were
equivocal in selected necplasms, although some contafned neurrsl and acid
ﬁucoﬁoiysacchariées. The 14 peopissms with focd of enteogenesis appeay

to be unigue to ouy strain of rats. There was no spparent difference

in s:ruct;rai types between tumors induced by amsbestos and tumor induced

by giass. The single fumor induced by silica was a simple fibrogenié

spindle cell sarcoma.
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Teble 3.~=Structural types of the 170 mesathellomas induced dy

asbestos, giass snd silica.

Asbhastas cla.sa & Silica

Spindle ceil types:
Fibrogenic ' 105 (13)" 10 (1)
Osteogenic 12 2 )
Giant ceil ‘ 9 (2)

Pleoworphic cell types:
Medullary _ 23 () 1
Tubulopapiilary B {2}~

157 (20) . 13 (2}

Total

*
Figures in parentheses are those neoplasms that metastasized or invaded

grructures pusside the thorax.
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and that this capacity is virtually equal ragardless of the type

wh_ -t ' - 36

DISCUSS{ION

-

The present experiments were not deslgned to sxamine all
parameters of the potential carcinogenic hazard of ashestos or
glass to man. In fact, the direct appiication of obr resulls %o
the prohiems In man would be unwise since the method of application
and the high doses empioyed arc‘rémote from the wsual exposure
of man E; fibers. However, the means by which thesz materisis
exert thelir carcinogenic sffect Is a criticel problem and the

present daté aleong with that of other reports ssem adequate to

develop preliminary conclusions. Z;EANI

The present studies confirm that conventionallyemiiled

asbestoses have & high intrinsic capacity for inducing necpiasms

. B*
of asbastos or Its source. Furthermore, fibrous glass when - ;“*“’ w.b
3#-'"““ i -
reduced thQ;E$&tt16ﬁgigggqggﬁfih$ approach!ng thpt of fﬁx}}f'

convent fonaidy milled asbestos Is a?so sétginr?iéaxy carc?negen:c.
This capacity to induce neoplasms c;E he relate;‘:o {IJ contamination
by carcinogenic hydrocarbons and metals, {2} the carcinogenic
constityents of the Firbrous minersl itself, or (3} the

structural character of the fider.

02 215 0770
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= Both natural contaminating olls and minerals and those

_; - introduced In the milling and packaging of 8sbestos have been
A o Investigated as QQLSes of asbestos carcinogenicity {2, 6, 14,

23, 24, 25). These studies iadicate thet asbestos from which
eils have been rigorousiy extracted is as carcinogenic as the
non-extracted asbestos, and that these contaminating hydrocarbons

are not.present Ia amounts sufficient to account for asbastos

AT i

carcinogeniclty. Experiments reported here concern the role

that contaminatling metais might play, an hypothesis suggested ‘ ‘kf o
: by the findings of other Investigators {13, 1%, 16, 26, 27}, ““ﬂg;if#;*.

Such metals retajn & carcinogenic potenttal of their own, but |

they seem unflikely causes of asbestos carcinogenicity because

of the minute amounts invoived. The oresent experiments

demonstrate that at levels far exceeding those that might

; contaminate asbestos, nelthar flnely particulate nicke! metasl

nor nickel~chrome steei are sefficiently carcinogenic to sccount
for the mesotheliomas Induced in the rat with asbestos. This
cbservation would not exciude a synergistic or gcataiytic action
of contaminaring metais, But ;uch an hypothesis is not supporied:
; ’ by the experimests which show that handeobhed crocidelite ore,
milled without exposure to metal induces numbers of mesotheltomas
at graded dose leveis equal to the numbers af mesothel iomas
induced either by the same ore milled in 2 steél ball-mi)) or

i by mine-mitiled VICC~SRAS ¢rocidol ite.
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These m;periments would not exclude the potential

carcinogenicity of the variety of heavy metals or other cooylex

constituents of the asbestos or glass fiber Itself, Yet, with

; o - .
‘j:g/ the exception of skitcon there are remsrkable differences In

¥

-’

the composition of asbestoses of different types snd these
diffefe.hce_s & not seem to alter the lotrinsic carcinogenicity
of the asbestos fiber as Indicated in our experiments or those
reported previously (2, 3, & 12, 13). SIliica, the major
constftuent.o{£§oth asbestos and glass proved to be relatively

inert in our expér!mentsj However, this result must be reconciled
. L

with the high Incidence of Intrathoracic reticalun catl sarcomas WVM'\,

Induced with an alkaline washed silica~sand by Wagner et -&i\(iﬁ, 5}.
. B — - —_
agner emphasized that his sflica-induced tumors were un) fke \

thase Induced with asbestos and perhaps were the result of‘g/

‘gt fferant mechanism of igjuctioy: it 15 probable that the

absence of such neoplasms In our experiments [s related to
differences in the physical structure of the sillcas empioyed ‘
by us and by Wegner. Because we were interested in testing the
smatlest parvicte of $ilica, we used sillcas prapared by flame
hydrolysis. These silfcas u‘rere cm¢osa<{ af agglatinated clumps
of partitéias B~150 nm In ‘diametar that werse spherical fn shape.
Neither type caused the extengive reactive flbrosls characreristic

of freshly fractured quartz sillca -~ a quality that mey be

- relevant ta fibrogenesis and In turn to zarcinogenesis {28).

Further evidence against the Idea that Intrinsic constituencs

02 215 0772




of the fiber are responsible for the neopiasms &re the

R

experiments with pa{tially éu%ver}zcd cr;cidoilte. Protonged
mitling not only reduced the fibers to clumps of submicroscopic
Fibrils, but also exposed this residue to a&diticu&t tegal
contamination from the mill, The‘reﬁuitant loss In carcinogenlcity
imp!ies‘tﬂat the structural Integrity of the ssbestos flher

zbove that of the finest submicroscople fibri) is essential

to carcinogenlicity, and that neither contaminants nor slemental

components are likely factors In thls process.
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if the physical structure of asbestos rather than {ts

chemical constituents are critical ta carhtnogenicity, then
simiiar particles, &f sufficlently dursbie, shouid Induce
simllar tumors. On this ressoning rested our attempts to reduce

both cparse and fine fldered glass to 2 range of sizes comparable

-

to those of mi)led asbestos. Our attempts to reduce 3 types 5 bocide
' Ly T

of coarse fibered glass resulted In & range of perticle sézes
that spaaned the range of ashestos, but guantftatively had
far nore Yarge fibers and, consequently, few of the minute fibers

so abundant in asbestos, In contrast to the Intact fibrous -
’

'*"*Zﬁ"‘ L
'} )

glass all four experiments with partisily fragmented ¢ r:'ﬁ
. s e,

i

\ ' #J':?‘*

3T

glass yielded single mesotheltomas, implicating th!s&'fraémented
fibrws glass 23 a carcinogen, but these sxperiments were
sufficient to show that reduction in shze was the causative
factor., fbwever; the [dea that fiber slze Is critical t-qras

supported by the experiments with the partially fragmented

¥
iR
ArA~glasses of especiaily fine diameter, for here both the _ » yxl
incidence of necoplasms and the range in fibrous particle sfizas 37
v N ,‘l\‘ t’;}‘i’y
more closely matched thet of the asbestoses. Furthsrmore, W'

by assuming that larger fibers tended ty be reduced &vi‘D 7_;.16)#

e

1o 3 narrow renge of sizes just above the imit of optical W
i e —————— '

resclutjon, It was possible to corrglate the number of microfibers

potentiaily present lIn vivo with the incldence of mesothel fomas,

Irrespective of the type of asbestos or 91555 empioyed,

02 215 0774
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The stmg}:st.expian&tion tbaz ;a# be deriyed thus far
Is that the intrinsic carcinogenicity of asbestos and glass Is
not related to any fontaminating or [nherent physicochemical
dquality, but rather to its fibrous structure perhaps in a
narrow range of slzes, This éonciusion is not new for Bryon
and Biscﬁoff argue that sshestos carcinogenicity Is simply
another. form of *s0lid state carcinogenesis”, the key factor ?
being the formation of 2 unique avascular flbrous tissue in -
respense to chemically Inert moterlals (gg)f These experiments
offer no thallenge to this arqument for it was our Impression
that the Jncidence of mesotheliomas correlated weil with the
extent of flbrous ¢issyes in the lesions just as they did with
nunbers of microfibers potentlally pfesént in the lesions.

AtY of the experlments reported here require further
confirmation and controls. Of particuler significance in
examining our hypothesis will be the testing of both glass

and asbestos in narrow, seiective ranges of fiber size and

totally reduced to nen~flbrous form. Additionaily, the e

é"{f
experiments indicate that simi!ar micrafibers of other types
\2
of durabie matcriaf particularly those unrelated chemically 2%5 % A
_.-m-m-"'_““'““" t:‘x,
to asbestos or glass, should be tested. ‘%; '

2
.

.

82 245 0775




VRME Loveiap it Fiplanras Saaqreils BLATUNG Lons
P34 Vo S0k hrupee wik Reudadt 3y Swsall Plawral
[ ] P PR VR

Semrblimridunion ot VIS Ornateutively Drmaiet PELLIAS TR Ly M YRS X

Smtiyit qik A

Phows: il ar & L - " Nt 3 1t wh » 4 . . . * *
Ri13
PLId b peala L. - W MR Fed g, ear, WY, falt. Ay WaRY, PR, p(isea M RSORNS BT
A Bt M WIIADE KIMME B W Mas 1O, wir. NGB, PP, ™ POLY. BAY, Jowr  CRWOW  MEIAL MDA
Olimied ¥ LARBCHR  OIIC,  OWC. TR, OME.  AMMYTR OWTE, MOE e -l Dakip ML, P L 2ily MASE Ao e
. . OXC, Ras WAR RO Eky  Ran) W mme e
»etd vyla’ e bind m “ay L g - b Y m e - 1 - LY 1" n
+ wpME W ¥ Mmoo L L T4 » 4 m
- o » i » "w s wlid [ e L ol » »
o pem » [ 14 K T i - “ » H
- aiee 3 " - » M » E ) - " %)
¢ & » L A ' * 4 3 » o
R s k u * t * pd W + e ' '
- E e b [ 2 4 3 2 » i Nat
XIS S L) " -» . ) * » [T "W W tr - ™
. e + ] th L “ ot
- o ] 1 [] ) F [ 1 %)
» LY wd 3 v 3 I [ | A ([ n n
* i - 3 2 : :: 1 +
- L e 1 3 3 3
. i 4 ) : ’ [ 1 ™
(R ] 3 ) 1 3 > 4 ) 4 1] e 33 M1 ¥
T e 3 t W
" e 3 [}
. rapin ' » M ¥ M ¥
- N ] . . g *
¢ miamlm % b ) it THE
p i o R ] & ) L] ) +1 » 13 i1 10
n [} e 1 t
- DA ?
- e 108 4 ?
b > fa H] ¥ ~» “3
eI v e’ 1 H : 1 * # ) » 16
T A .1
- » gt
LRt Y v
W
Bomsind it ber of Pasrticioe 1o dovw Wiup Setgn 7 £ 2§20
s LAY W BT B 5y e X e 1 2 e L X R A [t EY “r
- 2 A B L b oo m i ™A (3 =% 4. “$3 ae
> Wi n L » i i e [ I 122 L XS $.3
- LT 5.3 b | 1) r: i L ot 13 n A .3 $-2
- R L4 A A - Y ) Ww R 2 12 ~
. > At £ e a0 (17 ” 7 P K *»E [N} “
- i & i | ] LN {a &t (B X &2
* AR 4k ¥.4 3.9 T4 e e X ] .3
- o TR e taade gty ——
Ly st gty vrrrirberys  Prrr Pemm— AR oy - . = <. (A R N SO {1 L T 3 e~
AP s wIt 1.1 1Y t T.4 ” 13 1 bil 3.0 v 1 At %z Y e %
MLl (R ra » a2 LT
b A il +F L8] 2.3 3.3 LR L ald ra
S L, 1 1.4 s e P C X )?
- » -3 ) Ly 3 I
- YR AL £ X e - L) by
. w2l 1 .4 +.3 () [ MY 1.3 L2 [N
abeit mSald 1,4 vt 1.4 1.5 Y. s IR D 3.3 I % 1.4 .1 s
- viwre 1.4 LR L XY z.v
- LE  ad 2.3 3.2
.- A 1.2 3.0 LY 43 3.4 ®a
. vhmie -3 1e w2 e .
- (31720 2.7 1.4+ I 3
It Y [ 1.1 14 3 s P v
.~ ey LY a
- . gt 4.3 !
R 3 *3
" e bm as 43 e
el e 04 . ¥ et o2 % 9 2.7 e
v T - F 3
. et
- LR ied .
A oot s i i e
et (inimsw .
[ EPTE Y Y - [} ] ” L5 3 14 s ey m a3t L L 1 bl + - Y
tutal i theme L o
ALY R T BE W e he ey n = ool ) i ]

Y Ml last O
CLL Lt L TRVES, (20 ] S5 it - o ™ 242 (152 " W = w? m ¢ . n
Fat S 1Y
bamalx i Wy

Mcedl tasiaaton
Flonim ;omum L4 1 4 L1} £ 3 “w w37 4 4 "2 4 L3 - 4 L4 L ]
B

I-$Iuﬁo lwunpn Vi LS dwan nbowu muu. Preve gy - “uw OF L. uhiﬁ. o 'W of M Ewapid il
“"a‘ﬂ’l WIS W et B IR dmiriad Le § giwen AERE JaRPA

U EHF wiaw ) W IR psidins ceeiad B PHALE BIITERY AeXvNAE S SR et ive At SFIAKAL W Tu gME Flek Vimgr e
Prbuikg o B et $SYCmiem, A v “Mll’

T irstng 2nar $)E 1y Frvgwrwt i TLZY £F Smen ity uf t.!? ot It g3k AR evae flere Crnghial LaditviRadie Lo arie asewisTe o 1-!1‘4
Lorra mummMun?w:.m




— »

—

. RERTT TEYT MATERTAL soURCE oF . | posy | swramar  gaesrw
: PREPARATION TEST MATERTAL | DATE DATY
p j ,
EEDCIDOLITY ASBESTOS :
§
Uncpened fiders, Caps | ¥oos~ : Cape Asbeatos 40 mg | 5/27/70.  gf3 /72
Rlue cobbed pre t South Africs efxf
- {Pty.) Limited
Pully pulveriged ¢ | Pulvericed 10 mivutes | U108 s8¢ | NN 37T
vigh Crocidellte in Spex w11l _ :
2pd Seriee UICC None vice Wwwg | afain uigim
rocianlite o O mp .
.2nd Serfes UICC Hone [134+1 20 mg ¥ bfgi7t ' Llgf7
_ rocideiite « 20 mg l : 19473
. , i
208 Serdes UIZC . | Pulverired in Spax UTLe “Womg ' LIASIT uf16f7
" TfTecidoiite pRrednlly mill 3 winutes . / /
pulverired ) ,
Microfibtrilliar fraction Sedimentation and {mcc 46 wg sjsin LIRS
VICE Crocidolite ecentrifugation 1n both !
water and alzshol ;
Finely ground Crocidolita Pulverized in Spex Uohne-Manvilié 40 mg i sfslm
410622418 @111 with plastic Mis '
10 houre
Crovidolilite, long, Cape Blus crude fider Johna.Manviiie 40 mg 5177 517173
108 D104x .5, sheared in Warisg ] :
$ 53106224 blendor, sersened in g
specin) bottle E E
; :
Croeidolite, dhors, Cape Blue crude fider ‘!Jahm-.xmwsup Lo wp © 5fef91 516173
Tine X o5, . abeared in ¥aring : :
§b106-2§:‘é P blendor, sereened in | !
Bpeeisl Totile i | ;
 Macrofiber fraction - riedimentation mnd vice W mg .I
UICC Crocidolite sereening 4n water
and detergent
Raceived from Cendral Yudkin ;
Friday, June 11, 3873 who in ; !
rurn received it from ' b
I Detgen. :
L At
L AT
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fully pulverized

i

-

$one _ -

Rone

XEone
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oreo fromw Jeffrey
Mineg

¥

b ]

I
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]
Fohns«ﬂhnvilla‘

i -1
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Johns«Manville
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Alr=cleaned Jeffrey | Pulverirzed ¢n Spex millJohnananvsllaf
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pereinlly pulverized

e e eT———TTTTTRA Ak A b P A A —————

for 3 minutes
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g

40 rg

2C my

10 mg

5 ng .

4 ng

B0 wme

2 21w22{ 70
7/31/70
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8/ 3470

11/e3f/70

afis/n
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in Spex mill

| EXPTRIMENY TEST WATIRIAL SOURCE. OF POSY SURGERY  SACRIFIC
: FRIPARATION [TEST MATERTAL DATS * DATS
XIBROUS CLASS ) !
¥hole 2iber uncosted | Hane [Owens~Corning ¢ 40 mg E 4i16f70 Lf18f72
- fine fiberglas ' '
Clans fibers Shemred in Waring- JonngManvilie|l 40 mg | B/31770 8f31/72
Ai;,,x 1 blendor, sedimented, .
/,., end pulverized iy
Spex nill
Gines fiders Sheared in Waring JohnswManvilile 40 wp $/6/70 glé72
<. 3“,: % bisndor, sesdimented, i
/ and pulverired in ’
Spex mill
Slaae Lidera Sheared n ¥aring Juohns-Hanvililea LO me !} 9/13/?0 9}132?2
71},: 1/,./ biender end sedizmented F
twice, filtered, i
Glaas fiters Shenred in Waring Johns.idnvills L0 mg - 9/19/70 9/19/72
J 19/‘.:: 3/, biendor and sedimented ; :
twice, filtered {
: E
Code 106 Micro~fiber | Fons JohnsHanvslle 40 mg ! 12/3/70 1271172
giass - ; :
}
Sheared uncosted fine| Sheared in Waring OwenswCorning i 40 mg i 12/29-30/70 12/30/7:
fiverglas ~ &0 g blendor 10 minutes : 30f [3 /72
Sheared uncoated fine| Shearsd in Waring Ovens-Corningi 80 mg | 12/22-23/70 12723/
fivergias « 80 ng blendor 10 minutes | { { 3 : feafr
i : .
Shesred uncosted fine! Shemred in ¥aring 1OwensuCorning { 360 =g | Y15/TM Y11
fivergieg - 1560 mg Ylendor 10 minutes {15/ Y157
Glase fibers, long, Shearoed in B’uriné EJohnc«-!«‘.anviilo 40 : by .
fine $#4106.27-5 i Rlesdpr, canteifnged : e " 5"3/?1 ) 5/13/73
Codo 100 micro«fider{ in Sharples superw f :
glans {475 glane) centrifuge, screenszd : :
: ]
m&y\pnlveruui Palverizsd 10 minvier Dtena-t‘:cm&ng{ L0 pe |} !
fine uncoated $n Spex mill ; j
fiberglas < :
Partialiy pulverived | Pulverised 2 minutss {Owenn~Corning] 40 oy § :
i
i
:
P
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. f
Litds Corp, Alunine Fone - _ -1Artech Corp. 4 o | 12/18/70 1 1218/%
0.3 i f !
Y |
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i
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