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My name is William E. Smith. I am director of
Health Research Institute at Fairleigh Dickinson University,
Madison, N.J. I am a doctor of medicine. Over the past
25 years, I have studied more than 200 chemical materials
for caréinOgenicity in animals and have reported results

. o!‘tﬁese tests in scientific journals. In the past 8 yecars

my associates and I exposed animals to various mineral
dusts, maintained them over their natural life spans,
and studied them for paéhologic changes by gross and
microscopic examination of their tissues and crgans.

The principal purpose of these latter studies has
been to develop information on possible fibrogenic

- and/or carcinogenic properties of various preparations

i e . of mineral dusts. The principal support for this work
f was provided by Rescarch Grant EC 00226 from Dureau of
. Occupational Safety and Health, U.S. Publlclﬁenleh Service.

Thus far, we have published ti&c papers, listed below,

] describing some of our findings in unimil‘ exposed to

b various prcpatnéionl of asbestos. Today, I would like to
offer a brief summary of our experiments with asbestos
and describe as yet unpublished data from studies we

have made with a sample of talc containing a large

anounﬁ of tremolite. .
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From our work, we identii. . .he Golden Syrian
hamster as a species that was capable of developing
pulmonary fibrosis resembling asbestosis scen in man.
Those experiments were done by repeated intratracheal

injections of chrysotile or amosite asbestos,

. - : - -
E g5 & g 5 § %

The method used for those experiments, weekly
intratracheal injections, %s technically tedious and
time-consuming. We found that we could compare the
relative fibrogenicity and carcinogenicity of mineral
dusts more conveniently by depositing the dusts by a

single injection into the pleural space of hamsters.

After single intrapleural injection of preparations
il of the chrysotglo, amosite, anthophyllite or crocidolite
types of asbestos, we found that hamsters developed
extensive pleural adhesions. These adhesions were
composed largely of round cells and multinucleated giant
cells in the first few months after 1njec€£§n. Within
five months, these adhesions became densely ‘fibrotic.

Adhesions induced by the chrysotile, amosite, anthophyllite

or crocidolite types of asbestos tended to extend over

: large arcas of the surfaces of the lungs. .
In contrast, we saw very little reaction when we
gave hamsters intrapleural injections of a sample of

tremolite tale, which I shall identify by our sample

. , : number, FD-14. After intrapleural injection of this
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_tremolite talc, the particles were gathered into small- -
depots on the lung surface. These depots contained.

(T - _round cells and multinucleated giant cells, but there
was very little formation of fibrous tissue. The
experiments thus show that fibrogenic activity of
tremolite talc is very much less than the fibrogenic
action of the four principal types of asbestos.

Also, in hamsters that had been given intrapleural
injections of the four.principal types of asbestos, we
found intrathoracic tumors that we designate as
mesotheliomas (Table 1l).

From the data of Table 1, it can be seen that
the yield of mesotheliomas, in groups of 50 hamsters
per sample, was related to dose. In response to a large

C ~ dose (25 mg) of chrysotile, 9 hamsters developed
mesotheliomas. In response to a smaller dose (10 mg) of
chrysotile, 4 hamsters developed mesotheliomas. In
response to a still smaller dose (1 mg) there were
no mesotheliomas. This experiment p:ovidcs';vidence

to show thatthe carcinogenic action of chrysotile is ‘

o ol ]

relatéd to dose, hence should be controllable by

appropriate industrial hygiene measures to control dose.
At the 10 mg dose level, amosite and anthophyllite |

gave about the same yield of mesothecliomas as did bhrysoiisc.

but crocidolite induced more than double the number of

mesotheliomas got w' “a other types of asbestos.
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~'  Also, crocidolite induced mesotheliomas in two ST
hamsters treated with the lowest dosc level {1 mg)
Vi whereas no mesotheliomas ocurred in animals treated with

_ that dose of chrysotile or amosite.

Table 2 shows results of tests for carcinogenicity of

six preparations of chrysotile in groups of 50 hamsters

each. Each of these preparations was tested at our

highest dose level (25 mg per injection).The table

gives data on the mean fiber length and mean fiber

diameter of thesc samples. It can be seen that 8 to 10 -
mesotheliomas were induced by three of these samples:

harsh chrysotile, soft chrysotile and the same sample

of soft chrysotile heat-treated to achieve some of
‘ ‘ the propertics of harsh chrysotile. These three samples
} (j that proved carcinogenic had mean fiber lengths of 5.3
to 6.9 micronﬁ, mean fiber diameters of 0.2 to 0.18 microns.

These three active preparations of chrysotile were
subjected to further milling to reducc.thc;majozity of
particles to submicroscopic dimensions. Tﬁo table shows
that this reduction in particle size eliminated the
carcinogenic effect of these samples.

Now, we have tested a sample of tremolite talc for
carcinogenicity in hamsters. Electron diffraction studies
of this sample showed it to contain 50% fibrous tremolite
and 35% talc (Table 3). A majority of the tale particles

were platy, but some were rolled or fibrous.
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. living.

In this sample, the fibrous _ .icles had average "~

length of 5.7 microns, average diamoter of 1.6 microns.
They are therefore in a size range that might be
carcinogenic in our experiments with chrysotile. However,
this sample of tremolite tale induced no mesotheliomas
after intrapleural injection into hamsters.

Table 5 gives detail d data on these tests which
were conducted at our highest dose level (25 mg). In
view of the long latent period before development of

tumors, if we wish to compare relative carcinogenicity

of different samples, validity of the comparisons

depends on the number of animals surviving into the
later periods of the tests. In Table 5, the number of
ﬁurvivors in each group at cach time period is shown
as the denominator. The cumulative number of animals
bearing mesotheliomas is shown as the numerator.

We started with abbut 50 hamsters in.ecach group. The
first tumor was found at 151 days in an ﬁpiﬂll that had
been treated with harsh chrysotile. '

Now let us look at the situation as it was 500 days
after start of tests. At that time, 4 mesotheliomas
had occured in the group treated with soft éhtysotile
and only 11 animals survived.

. In the group treated with hareh chrysotile,
7 mesotheliomas had occured and 13 hamsters were still

In the group given heat-treated soft chrysotile,

there were 4 mcsotheliomas and 17 survivors.

P -

. -

Lo I B . |

L B

......
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"By comparisen, no mesotheliomas had occured in
the group treated with tremolite tale, and there were
27 survivors.

The group on tremolite talc thus had many more
animals at risk in the late stages of the tests, yet
no mesotheliomas developed in them.

In the three groups on preparatiqps of chrysotile,
all of the animals had died or were killed to close
out those groups by 650 days. At that time, the final
yield of mesotheliomas in those groups was 8, 9 and 10,
respectively.

By comparison, the group on tremolite talec had
developed no mesotheliomas by 650 days, and thctq were
still 15 animals living and at risk in that group at

that time.
Bighi of these survivors died of various causes

between 650 and 700 days. No mesotheliomas were found

‘.n th&!ll- . [

The remaining 7 survivors on tremolite talc were
killed for examination at 700 days. No mesotheliomas

were found in them,

Throughout the tests, animals treated with the
preparations of chrysotile were found to have t@lck

fibrous pleural adhesions extending over large arcas

of the lung surfaces, whereas animals treated with
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tremolite talc never showed more than small depots of
the mineral particles with relatively little tissue
reaction,

Thesc experiments thus show profound differences
between the biologic effects of tremolite talc as
compared with the biolegic effects of chrysotile

asbestos.
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Tabie S

YIELDS OF MESOTHELIOMAS 1IN HUMSTERS AFTER INTRAPLEURAL INJECTION

AT 25 'MG DOSE LEVEL
Sample is1 340 372 450 500 550 600

-

650 700
days days

davs {daﬁg -days  days daxs days days

SOFT CHRYSOTILE

SOPT CHRYSOTILE 0/4‘4' 0/33 1/30 1/20 4/11 4/% /3
“IARSH CHRYSOTILE 1741 4726 4721 7/16 . 7713 1/9  8/%
TEAT-TREATED 0/37 1/35 1/32 1/27 4/17 5/15 8/4

s

TREMOLITE TALC 0/52 * 0/35 0/34 0729 0727 0/23 0/20

* Survivors at 650 days in chrysotile groups were killed on that day.
Pleural acdhasions, but no tumors, were found in them.

Numerator: Cumulative number Of hamsters with mesotheliomas.
Denominator: Number of hamsters su:viv:l.n'g on stated day. ..

3 ) :
: 1 . . i
i

.

-

8/1 *
9/2 -+
10/1 *
0/15 0/7
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CERNINAL PROCIISS RIPORT: GRANT NO. 3R01.EC~00226~0481 ...

TITLE: - Ao \ 20S ,
L] 2 -
PERTOD: 03/01/36 - 08/31/70 ; .

.- Principal Investigator: M M.D. i
: , ealth Roesearch Institute

Fairleigh Diciinson University
Madison, N.J. 07940

STATEMENT OF PROGR2SS: -&m )
The aim ¢f this project was to test 23 preparaticns
@& asbestes or other rminerals for carcinogenicity bty

o
means of intrcpleural injections into hamsters. Each

sample was tested in a group of 50 hamsters. In adcditicsn,

2 groups of untreated control hamsters were followed Zo=
incidence of spentancous tumors and other patholeszy.

Ancillary exgeriments and:observations are dascribed as

tha end of this report.

All hazsters used for this work were LVG:LAX males

obtained as weanlings from Lekeview Hamster Colony,

‘Newfield, N.J.. Whea the hamsters reached a hody weighﬁ
of 100 = 10 ¢us (abort 2 moaths of age) each hamster %o

+  be treated was given a single injection into the sighe

: pleurcl cavity. Xach injecticn consisted of 0.5 ml of a
suspension of the selected material in 0.5% Na Cl soluticn.
. # The ani-als ware followed to maximus periods of €50
Wa, T80 diys afser injecticn unlzss earlize

C3ama fSsurzed or unless thay appoexed morvidund
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i used a
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BC-00226

and wcré sacrificed. At death, nacfo;sies'weze performed .
which were complote except for the head. Gross observations
 were recordad. Thoracic contents were fixed in formalin
a5 were pertinent lesicns found elsewhere. Microscopic
séétioas were cut and stained with hcma%oxylin and eosin.
Por recording and retrieval of data, we designed and

punch card for individual hanstezs as illustrated

SR oate koM T emnse vy --2—2-;0 Ix 5"‘-9!“'.:'{ =" rﬂ‘
L] & R it TUMUR ag=La S|V - ' . ‘: ; g : ; .'é : s
e s Ve B r;:lg« . soa bgbBlsie 21z 88 0%
Cexn IR SE|SiE e 513 8 3
H c o % mpx » 2 “ » ~ £ W T »
| y GROuF | oars (0 T Rz o= o 2 o b ‘lg .
| ;o : o0 ¢ ofl o elajelala ) Siefejo ofo olu 34 3
} ' ;l P22 21l n'u + : <:::§? 21200 1) 1t e
| iz. IR EI LRI rﬁg ‘::::::> si+[2 22 z,z ﬂ
R 22liyilsin €113 343 3l 3!
| i : ‘ e -
| i< L L af™ é
) “loCas
‘, i.‘. 1 g =
55
| ] “ 4 . \
o I & : g
x' A - E-I__m * . ' . . 1] .‘ |
A SERT t g
i' . s c . ﬁt |
. J :“ 1 _emesnnes = ) ] i

Fig. 1. Punch card used to record findings'on individual

©  hamsters.

‘¢bsence of p

and dato ©f death
PraCasd thz nunder

aghoaicnz, character of adhezicn

o ¢he individual animal on this cazd,

|
. . At necrorsy, the prosector ontared identification . '
o< days on experimaat, prezencs or |
|
|
|
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" {£ocal or éiffuse), presence or ;Ssence of depots, pleuvral
plaqgues, cardiac thrombi or other pathology. CGross findings
in the thorax were then sketched on diagrass shown in the
cenﬁcr of the card. Histopatholegic findinés were subseguently
entered in the spaces provided to the right of the double

line with special reference to diagresis of any tuvwors, , H

- to characteristics of pleural adhesions, presence or

‘absence of mineral particles, ferruginous bodies or
other patholegy. Where additional deseripticns of gr-ess
or micrascopic patholocy were warranted, these were

entered on a séparate clank cérd.

All animals in these experiresnts have been examined

4% necropsy except for rare caanabalized individuals.

|
|
nistopatholecgic studies have now been made on tissues
, 8aved Irea all anizmals except for rare autolyied individuals.
All tumors diagnecsed as mesothelionas have been confir—ed
microsqopically. WO tunors suggesting mesothelicma in
the gross weﬁéﬂin aninals whcée autolyesis precluded
histopatholegic study. Tumors listed in this repert as
mesothelioma resezbled these illustrated and descritaed  §

in our previocus work with intrapleural injection of

chrysotile and arosite into hansters. (Smith, W.Z.,

Careilnogenicity of A5D25t08, Jnnals N ¥ Acad Sci 132

|

\

i .

: . e lller, R.E. Elsasser and D.D. dubsrt. Tests for

i (Axe 1):45E-483, 1855), (smith, W.=., L. Miller, J. Chuzg,
r

L

and I.J. Selikoff, Macotholiomas im Ha=sters Follewing
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intraplevral Injection of A§5estos. Jourixt Sinail EKosp
(& ¥) 32:1~8, 1565) Findings from the present experiments
are suvmmarized in Table 1. | '

qumors listed in Table 1 under the heading "Mesothelioma®”
were with few exceptions laige messes in the pleural space.
They compressed but rarely invaded the lungs. Microsccpically,
they were composed of elongated or rounded cells that 5

appearzd malignant. Under 2 separate heading of "Ly=phoid

Tumo:s*, Tablg 1 lists lymghomas, lymphesarccomas or

reticulum cé11" sarcomas that were found in ocezsional
animals of tha varicus groups. Tuese "Lymphoid Tumors®
occured in mediastinal or mesenteric nodes, som§times
with leukenic features. Injection site sarcemas, also

iisted separately in Takle 1, were tumors found sub=-

cutaneously on the chest wall in the area where intra-
pleural injection had bzen made. Mineral particles of
the test samples were usually seen in microscopic
sactions ¢of injection site sarccmas.

il Prom yields of tuwnors designated as mesothelliczas

"+ 4n Table 1, information emerged on the following points:

: i. The yiz2ld cf mescthelion2s in response to 3 dose

4 © levels of chrvsotila (Greups 2,7,8), 2 dose levels
oS amosite (Grsups 9,10) and 2 deose lavels cof
crocidolicte (Croups 19,12) is 'dose related, hanca
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hazards shculé Te controllcbliz by appropriate .
¥cductions in exposure (l). Chrysotile, amosite and
anthophyllite (Groups 20,21) appear less carcino=

*. -, genlc than crocidolita.

2. Closely ccmparable yields of mescthelicmas
resulted from soft (Group 1) and harsh (Group 2)
chrysotile fibars prepared ‘rom Arizona ores, and

- from the same soft fivors heat2d to reduce their

F s content of molecular water to the leval of harsh
; £fibers (Group 3). The tumors aroce aoze rapidly .

in respense to native harsh fikers (Tablae 2).
Studies of pleural achasions revealed that hars?
L .o chrysotile induced thiclier and denser scars than

soft chrysotile. Althcuch heat treatment of sof:

p—

chrysotile gav: no appresisdble enhancezent of

T carcinogenicity, it éid enhance fibrogeaicity (2).

# . : -3. At the hichest dose lavel tested (25=g), 3
sanples of chrysotile with mean fiker lengths between

. * ‘ .32 gni 38 microns yieldad 8, 9 and 10 mesothelioma-

- ; bearing animals (G:oués 1,2,3}. When‘fiber.leagths

of these chrysotiles wers reduced t¢ an extens

. whers fle large majority of fihers were less than

S microns ia leagen,

-
=
-
.

carcinogenicity was eliminatzd {(Groups 4,5,5).

ibrogenicity was reduced and

Published by AsbestosClaims.Law
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Yhe above long fibter sexples were prepared
_ from ores by a wec grinding mathod, then sieved apd
: 'Z’:' washed by & techanigue described frcm this laboratory
. (ﬁadolla:, M.S., and W.A. Gantt. Preparation of _
Asbestos Fibers for Experimentzl Use. Annals of N ¥
. Acad Sci 132 (art 1):451-455, 1965). Fibers thus ;
A prepared were grournd in a éig-n-aug to produce
o, ¢ the short fiber samples. The Wig-L-Bug process was
l monitored by phase mic:oscopf and stopped before
destruction cf the fibrous nature of the naterial.

These samples were furnished to Dr. J. teineweber

at Johns-tznville Rescarch & Engineering Center fox
electron micregraphy. Froa his photographs it was
learned that the leng £iber sazples contained -

. relatively few Zibers less than 5 microas in length,

" whercas the short fiber samples contaired relatively

cL ° £ew fibers rore than 5 nicrons in length. Dr. lLeine-

-* . weber noted that the short fiber samples had not been
reduced to amorphous material but preserved the

i - fibrous structure of chrysotile. Further discussion

. of l;qgth measurements is offered later in this :epozé.

t " :'.' 4. Tesés of long and short fiber anthophyllite

' 4 .

. . _gave results consistent with aa hypothesis that

scduction in fiber length reduced carcincgenicity,
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though findings were not-statistically bignificant.

Thcse samples were net tested at the 25mg level. At

the 10mg slevel, long fiber anthophyllite induced 3

mesothelicﬁas (Group 20), short fiber anthophyllite ' o

L * induced 1 mesothelicma (G;oup 2;). ' |

The short fiber sanple.was preparéd.by grinding

ﬁ. " the 'long fibers in a Wig-LJBug, the process being

stopped Lefore the fibrous nature of the ;naterial

was destroyed.

5. At the 10 mg dsse level, mecotheliomas resulted

. - '1€? from a sample of microguartz with mean fiber length of
jétfff 56.7 nicrons (Grovp 12), but not from glass fibers

. '. B e e e e

with or without phencl-formal binder (czcuEs 16, 22).

Mean fibex lengtihs of these two. samples were 24.9 and 16.9

micrens, respectivaly.

" €. At our highest (25mg) dose level, mesothelicmas were
induced in hamsters by dia:emaceods.earth 2nd by calcined
diatomaceous earth, but not by talc, namali:é or, except

for a single case, by serpentine rock dust (Groups 15,

i .~ 15A, 14, 13, 11). The sansle Of talc contained a large

anount of tremolite. s

7. Mesotihclicmas were induced by powdered nickel tested
g Cosze lovel. The-vield of mesothelicmas in

recponsd to alckel was clesely comgarable to tha yield

» Y . » g -
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obtained with the sane dosz level of
of amosite, and less than

1eve1 of crocic clite. .

8.

control groups. N

o " 9. Iymwphoid tumnrs oacurred fn

. o - ertrest

. grouns, and in 1 cf the 2

.- wnrelated to tre2inment.

o~ s’ -
.. control grouss and in

found in 2 cont=ol 288

P carcinena of the Jatsssin

AL -

‘ . ia gfcups 2,5, 13, 15, 1% &nd 18.

’ 1l. Thz 4u.b.|. in the left

occurreé in .untreated control
E . of the treated grouss

E A fraquently, 23 saswa in
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chrysoti
the yield cbtained with that

|

|

|

|
14 cf the 23 treated

|

eéd control

. - . 10. Tumors of the adrenals were common in both untreated
trmated crovps,
ia 4 tr2ated animals,

2 was found in

cardiac atrium were a cezmon
cavee of death in han§ters in oux exge:zments.A
gréups, bnt in scme ;
they were found earlier and rere

Taklz 2 ¢f addendum A (3).

data froa necropsy

» ¢ards fox aalnals in greuzs chevma in Teble 1 has been done by
Dx. Thonas Iayicn, cur Coanulitant in Statisties. Tor aach

le and

No mesotheliomas have been found in the untreated §

-
.

groups.

‘These tumors were regarded.acs spontaneous tumors

Repatomas were
Aderno-

single animals

Such lesicncs
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grou®, e has made life table anzlyses krcken down into

.Dx. Hayton's report on his statistical studies is attached

‘the laboratory of the Occupaticnal Realth Program, Dept. of

Health, State of New Jersey, at the start of our tests of

100 and 50 day intervals as follous:
Li = number of hamstérs at start of period
.Di = dead in period :
. Vi = lost in period - : .
" Wi = withdrawn in periocd ) " ) /|

Ei = effective nuncber at risk in the period = Li -
: (DL +Vi+ii)

" i = prcbability of dying in the-periocd ’ ‘
Pi = probability of surviving ia the period '

|
|
|
]RL = survival rate : ‘
' |
\

8i = gtandard deviation

. |

\
. . |
From these analyses, the group size used for tests in
Table ) (50 hamsters per group) seems satisfactory for cem~
parison of relative carcinogaenicity of the Ecstgd samples

in the 100 day pericds.

&s Addendum A. .
in the preceding text, fiber lengths cited for our samples
1 and 2 (Tadble 1) were daterxzined by light microccozy using a

40X obiective and 1Cx ocular. These measurements were mada in

~

these samples in anizmals. Also at the start of ocur animal

tests, very sinilar maasurcmants ucre raporsed to us Jor
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" ¢hes cmplas by the U.5.2.H.S. Orcupaticnal Hezlth pezcazch

& Trainiﬁg Faciliéy'in Cincinncti where 40X objective, 8X°
ocular &nd phase contrast illeninzation we:e'ugeﬂ. Reocently,
these samples ware furnished to Johns Manville Research and
Engincexing Centex, anville, N. J.; where they were studied

. with a 128 cbjective and a ex ocular by dark field microscery .

. *images b2ing projectcd to a €ivnal magnification of 100%,
. photegrusied, svon ealargad hy fox mzasurement of lengths
and diznatars. Mean lengihs reported under these lztter

conditions were cencilzrably jemzzr. Measurements of gemples

stvdies irdar the 3 ophical cendivions are §hcwp in Takble 3.
Also s@?ﬁg in Table 3 are measvrements made on these an§
other samnles by elzshIcn aicrograshy at JURLE..- For =M work,
s’ ghe origiral photegzash was nade ot 2000% and was then enlargad
k. 24y for mossurements. Fibers ex:2nding beygnd'the Bl £isld
weve exclnded from maasurerents, ronce mean lengths raported

and - r than nean
. 4n Table 3 for samples 1 ﬁn: 3 are nmuch smaller th :

lengths reported for thcse samples by optical nicroscody.
Ir. EM photcoxaphs, fikers lese than 5 microns in length wese 4
- .l b—‘b P Sfind h

L : cere samples |
.. . zelativaly scarce in camrles X and 2, which we amy

: . 2
that pzoved highly carrinozerde in hamcters.

. s >4 =CcaX e L in |
. . - ¥a sazples 4,5 and 6 which proved non carcirogenic
| hamstess, wosz Zibers weve 00 short for meaningftl measure-
fa. o4 massuvenenta cf sanple 4 gave H
. -~ h & q-s—-:‘ :
gonn fitaw langth of 0.75 wisvoa, ‘T4 rhotogrihs €L fand.e

y ) -~ a vet Desn
5 ond 5§ lock angut the &8 as szzxple 4, but have not et Se=-
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TARLE 2. YIELD OF MESOTHELIOMAS IN HAI.'.

0
»

(STERS AT SITES OF INJECTION OF CHRYSOTILES

550

600 650
340 372 450 500 3
ek Samplti 61:;3 ;::)'s days days days __ days . . says
. ’ : ' ” . ’ ' « o+ "
2 12 a1 426 aizr ane  ans w9 85 912 :
. ﬁhrSh, . . ’ 3 ® ’ Y . -
1 ey, ? c/s4  0/33 1730 1/20  4/1y 49 s M
. * (Soft) 3 ' .
3  cm o/s1  3s iz uzr ana s/1is 8/4 1001 ‘
{Heated . " -
Soft) . -
il
Cumulative number of hamsters having mesothellomas,

'N.:mcxa.tor:
Demm;mtor Number of surviving ham..te-a.

N 3, Al survivors at 650 days were Killed on tha.t dey.

wero found in thcrm Fox statis\:ical treatmont, sea Mdondun A.
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~ .
.

‘for analysis of trace elexments by atemic a2bsorption spectro-

‘_?6r optical and EM studies of these samplces at JMRIE
wa ar; indebted to Drs. James Leineweber, Alan Burns, Dea .
Bailey and 7Tom Drown.

Samples of soft and harsh chrysotile prepared in.our
laboratory from Arizona ores were sent to Dr. Cralley in 1967
scopy. The following report was received from him on these
SQmples, vwhich ware the “loag fiker” samples that subsequcntlﬁ
proved highly carcin¢genic in our intrapleural tests in hamsters

{(Groups 1 and 2).

*’ Sawple ¥o. Material Microcran elemant/ aranm savole
e N1 [ Co RASY
B2b Chrysotile. (harsh) N.D. "N.D. N.D. 420
. C2c Chrysotile(soft W.D. N.D. N.D. 150

From these results, it can be seen that no detectable
amounts of aickel, chremium or cobalt were féhnd in the
samples as injected into hamsta:i. . 1 :

Suhséquentl', Dr, Cralley's group developed a microsiove
method for separating "loager than 10 nricroan" (+10p) and
“Less thaa 10 micron (~10y) fractions of asbestos and found
certain trace elaments in higher concentration in the short
‘fractions. In 1969, we resubmitted our savples to Dr. Cralley.
They were fracticnated by the picrosieve method ia his labor-

atory and hée has rezcrted the feollowing analyses:

‘. L ¢ . |
.
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N
Sanole Microgram alesent/ or:m som=la

Co Cr Mn 12§ Ca Mg Fe/g samsale

Harsh 2xiz, +10p <10 <10 585 <10 710 g.8
chrysotile . =102 <60 414 480 230 1800 8.7

" Soft Aviz, +10n <€0 <9 310 <9 185 4.6
chrysotile =103 <50 157 230 46 118 2.9

In these analyses, the aymbol(means not detectable at
the stated limit of seasitivity of tasts.. From these dzta,
it is seen that dotectable amounts of chromium ané nickel |
were not found in the +10p fractions but were found in the

- =1l0p fractions. The ~10p fractions constiﬁuted 6 to 7% by
weight_of tha samples. Thesetiractionaticns were made on
, our "long" S'_.f.'j;."-'-39 nzan £iber length) samples that proved
h_ighl;} carbincgenic in ham éers. If trace cleménts ia the
) “less than 10 micrzoa® f£racticns were important in carcincgenesis,
! - then high carcinogen':’.ci:'y wovld have been expected in our
i “shoxrt" (1-5 micr n)"p:epa:atj;cns of these ores, but such
was not the case, our short preparztions proving essentially
' aon-carcincgenic, : : . £
The followz’.pg studies were not part of th§ ains stated
d for.this project in our originzl proposal but were carried
’ ou.t as ancillary work:
a. In a previous project, we had carried out lifa-cpan’
ctudics cn hamsters given repeated intratracheal injecctions
0L earysovile with and without banzo(a)pyrene. Histo-

-
.
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. - L kU=UVedu 1

patholoﬁﬁ. sTeaizs of lu”.s fze= those animals were
"~ completed in the ccursa of the present project with

.« * . results presented in an actached publication ( 4).

" e b. Vamstc % given a single in.rat.acheal injection of
chrysotilo ware sacrificed ut intervals for examination
o of lungs hy electroa nizrojrashy with results described

S S B LY o

P .

Cy Fo*_rh-“ sranamtic 4rials, a fast-growing meso-
A thelio:a induccd by chrypotils and a slow-gr x ag meso-
thelicra induc:d ky crocidol;to have becn established

&nd are bzing carried in sarial -run=£e° in new hosts

¢ - (hanatexs) .

. 2 d. Sguamot:se c2lld ca:cincaas and a&caacn:cincmao wera

'indu:cd £3om rouse pu naTy tissue exposad to c“.ytctile

': ':_. ( 8 ). For chemotherareutic trials, 2 lines of these

' pulmonarj squartous cell carcincmas and cne line of .
_ pulrmonaty adenosarcincma have bzan estzblished and are !

" being earxied in sarisl tzansfer in naw hosts . (BnL./c

B, nice). TR o Yy |
'LIST OF PLIULTS | _ |
l. After siagle iwt::p‘uozal in;ac.ion of hansters, tusmors
with gresa and nmicroscepic ¢l ar*c sties of plaural maso-

thalionzs wers Sound afiss i:j:cticn of soft cuzwsotila, hasshs

: ehrysotila, amosits, crocidolita, anthophyllits, dlatezacesus
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L
& carth, nickel pa"dcr and microguarzs fibers, but not alfter
i S 2 S A
| ' -
é/’/’,injection of t::rolite tale, nemalite or glass fibexrs. Ser=

J s pentine rock dust (antigovite) induced only a single case

of mesothelicna.

2. WNative harsh chrycotile induccd tumors more rapidly than

fibrecgenicity but nat sarcinoge: ’ci"y.

.v

"' soft chrysotile. HKeat treatment of soit chrysotile increased {
3. With reductien in dose, there was reduction in fibrogenic |

.and carcinogenic respons2 to chrysotile, amosite and c:oci- ‘

- dolita. Monce, hazards assceiat»d with exposures to asbestos | |
should be controllable by maasures to reduca.anmounts of ex= &
posure. -

» +4« At the lewest dese level tested (1m§i, no tuaa:; AT050
in response to rh*ysuti;e or gmosite, but tu.ors ware found
in recponre to crocicolite. _ : : .
5. With each of 3 swiples of chrysotile, treatment to qeéuca
£iber length reduced fibrogeaic responses and elinminated car-
cinogenic responses. Electroa microscopy revealed that the |
l - treated senples were fibrovs in nature and had not bean ve-
<« duced to amorv1ous mazavisl, These findings afford infazzna-

tion pertinent o desiga of merke and to monitoring of dusts Pt e

] for industrial hyciene pursoses.
6. ‘nlyvzuyl.;:zd-"-ﬁ-a" ¢e did not inhibit fibzesis induced
by ashertor injocsed intrzplsusally into hamstars,

7. aAfter latratuacheosl injcerion o2 chrya::ila into hxnstsss,

* alectyron miczog:a?hy revealed ,“agocytosia of asbestos {ikers

4 .

. .
- 2 Y
J + L
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