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STATE}~NT OF PROGRESS:

The aim of this project was to test 23 preparations

9£ asbestos or other minerals for carcinogenicity by

means of intrapleural injections into h~~sters. Each

sample was tested in a group of SO hw~sters. In addition,

2 groups of untreated control hamsters were followed for

incidence of spontaneous t~~ors and other pathology.

Ancillary expe~irnents''and:~obsQrvations are described at

the end of this report.

All hamsters used for ~~is work were LVG:LAK males

obtained. as weanlings from Lakeview Hamster Colony,

llevlfield, N.J•• When the har.lsters reached a body weight

of 100 ± 10 grns (about 2 months of age) each hamster to

be treated was given a single injection into the right

pleural cavity. Each injection consisted of O.S rnl of a

suspension of the selected material in 0.9% Na Cl solution.

~he animals were f~llowed to maximum periods of 650

or, \'!h~:re sho~~~, 700 days after injection unless' earlier
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and were sacrificed. At death, necropsies were performed

which were complete e~cept for the head. Gross observations

were recorded. Thoracic contents were fixed in formalin

as were pertinent lesic~D found elsewhere. Microscopic

sections were cut and stained with hematoxylin and eosin.

For recording and retrieval of data, we designed and

used a punch card for ir.dividual h~~ste:s as illustrated

in F~g. 1.
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Fig. 1. Punch card'used to record findings on individual

hamsters.

At necrorsy, the prosector ~~~red identification

and date of death of the individual ~~imal on this card,

p14iched the nur.~er of days on experi~ant, presence or

'~b5ence of ple~ral adh~3icna, cr.arac~er of aa~esio~s
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" (focal or diffuse), presence or absence of depots, pleural

plaques" cardiac throrr.bi or other pathology. Gross findings

in the thorax were L~en sketched on diagrams shown in the

center of the card. Histopathologic findings were subsequently

entered in the spaces provided to the r~ght of the double

line with special reference to diagnosis of any tumors,

to characteristics of pleural a~~esions, presence or

absence of mineral particles, ferruginous bodies or

other pathology. t'~ere additional descriptions of g=oss

or microscopic pathology were warr~~ted, these were

entered on a separate blank card.

All animals in these experi~ents have been ey.a~ned

at necropsy except for rare cannabalized individuals.

H~stopathologic studies have no~ been made on tissues

saved from all animals e~cept for rare autolyzed individua~s.

All tumors diagnosed as mcso~~elio~as have been confi~ed

microscopically. No t~~ors suggesting mesothelioma in

the gross were in ~~i~als where autolysis precluded
. .r.· :t.

histopathologic study. TQ~ors listed in L~is report as

mesothelioma resembled ~~cse illustrated and described

in our previous work with intrapleural injection of

chrysotile xnd ~.osite into hamsters. (Smith, W.E.,

L. tuller, R.E." Elsasser and D.O. Hubert. Tests for

Carcinoge~icity of Asbestos, Annals N Y Acad Sci 132

(~t l):~56-~83, 1955), (S~i~~, W.~., ~. ~tiller, J. Churq,

,and I.J. Selikoff, Mesothelio~as in H~sters Followi~g
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. , ~

Intrapleural Injection of Asbestos. Jour Mt Sinai Hasp

(N Y) 32:1-8, 1965) Findings from the present experiments

are summarized in Table 1.

Tu.nors listed in Table 1 u.''1der the headi~g "Mesothelioma"

were with few exceptions la~ge masses in the pleural space.

They compressed but rarely invaded the lungs. l{icroscopically,

they were composed of elongated or rounded cells that

appeared malignant. Under a separate headi~g of "Lymphoid

Tumors", Tab~ 1 lists lymphomas, lymphosarcomas or
..

reticulum c~ll'sarcornas that were fow1d in occ~sional

animals of the various grc~ps. T~ese "Lymphoid Tumors"

occnred in mediastinal or mesenteric nodes, sometimes

with leukemic features. Injection site sarcomas, also

listed separately in Tarle 1, were tumors found sub-

cutnneously on the chest wall in the area where intra­

pleural injection hnd been made. Mineral particles of

the test samples were usually seen in microscopic

sections of injection site sarcomas.

From yields of tumors designated as mesotheliomas

in Table 1, infor~ation emerged on the following points:

1. ~he ~·ield cf mescthQliorl4c.s in response to 3 dose

levels of chrysotil~ (Gro~ps 2,7,8), 2 dose levels

of amosite (Groups 9,10) ~~d 2 dose levels of

crocidolite (Groups 19,19) is dose related, hence

4



hazards should be controllable by appropriate

reductions in exposure (1). Chrysotile, amosite and

anthophyllite (Groups 20,21) appear less carcino-

. genic ~~an crocieolita.

2. Closely ccmpa~able yields of mesotheliomas

resulted fro~ soft (Group 1) and harsh (Group 2)

chrysotile fibars prepared ~ro~ Arizona ores, and

from the same soft fibers hoat~d to reduce their

content of molecular water to the level of harsh

fibers (Group 3). Tha tt:.."1l0rs arOEe ~:\o,=e rapidly

in response to native harsh fibers (Tab1~ 2).

Studies of ple~ral ~~t~sions revealed that harsh

chrysotile induced thic;:er and denser scars than

soft chrysotile. Llthcugh haat treatment of soft

chrysotile ga~~ no a?prp~i~le enhancc~ent of

carci.noezenici·c1, it did en..~ance fibr~genicity (2) •

. 3. At the highest done level tested (25mg), 3

samples of chrysotile ,.,i t&i. mean fiber lengths between

. 32 ~~d 3~ mic~ons yield~e 8, 9 and 10 mesothelio~a­

baaring anL~als (G~OU?S l,2,3~. h~en fiber lengu1s

of these chrysotiles wcr~reduced to an extent

where t1..e large maj orit:t of fib?rs \o!ere less than

5 microns in lengtb, fibrogenicity was reduced and

carcin?genicity was eliminat~d (Groups 4,5,6).

-5-



The above lo~g fiber samples were prepared

from ores by a ~et grinQi~g method, then sieved and

washed by' a. ~echnique described from this laboratory

(Badollet, M.S., and W.A. Gantt. Preparation of

Asbestos Fibers for Experimental Use. Annals of N Y

Acad Sci 132 (Art"1):45l-455, 1965). Fibers tnus

prepared were ground in a Wig-L-Bug to produce

the short fiber samples. The Wig-L-Bug process was

monitored by phase microscopy and stopped before

destruction of the fibrous nature of the material.

These samples were furnished to Dr. J. Leineweber

at Johns-M~nville Research "& Engineeri~g Center for

electron r:Ucrography. Fro;n·his photographs it was

learned that the long fiber s~~ples contained

relatively few fibers less than 5 micro~s in length,
•

whereas the short fiber samples contained relatively

few fibers more than 5 microns in le~gth. Dr. Leine­

weber noted that the short fiber samples had not been

reduced to a~orphous material but preserved the

fibrous structure of crrysotile. Further discussion

of length measurements is offered later in this report.

4. Tests of long and short fiber anthophyllite

gave results co~sistent with an hypothesis that

reduction in fiber length reduced carcinogenicity,

-6-
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though findings were not statistically significant.

These samples were not tested at the 25mg level. At

the ~Omg~evel, long fiber anthophyllite induced 3

mesotheliomas (Group 20), short fiber anthophyllite

induced 1 meso~~elioma (Group 21).

The short fiber sauple was prepared by grindi~g

the 'long fibers in a Wig-L-Bug, the process being

stopped before the fibrous nature of the material

was destroyed.

:5. At the 10 mg dose level, n~~o~~elio~as resulted

from a sample of microquartz wit~h ~ean fiber le~gth of

56.7 microns (Gro~p 12), .but not from" glass fibers

with or with~ut phe~~l-for.wal binder (Groups 16, 22).

Mean fiber lengtr..s of t.'1ese t\lO. samples were 24.9 and 16.9

microns, respectiv~ly.

6. At our highest (25mg) dose level, mesotheliomas were
.

induced in hamsters by dia~omaccous earth and by calcined

diatomaceous earth, but not by talc, nemalite or, except

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

lSA, l~, 13, 11). The' sample pf talc contained a large

amount of tre~olite.

7. Mesothelio~as were induced by powdered nickel tested

at a lOmg do~e level. The·yield of nesothclic~as in

re!:po=-~sa to nickel \;"'.5 closely co~parable to t.loa yield

- i -
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obtained with the s~~e dos~ l~v~l o~ chrysotile and

of ~mosite, a~d le~s than t~e yield obtained with that

level of crocf16lite~

a.. No rnesothelioreas have been found in the ~ltreat~d

control groups.

9. Lyrr.phoid t~~~r~ o~c~rr~d in 14 cf ~;e 23 treated

. groupz,. and ·in 1 cf tt~ 2 u~~atod control groups.

unrelated to t~c?t~~nt•

.
10. Tl:ri.O!'S of the aar~r.Zlls ~;Cl:'e com."':".on in both untreated

found in 2 cont~ol and in 4 tr~~teo ani~~ls. ~deno-

ca~cinc~a of the lntcstjn~ was found in s~nglc animals

in g~cu~a 2,6, 13, 15, 1ti ~nd 18.

11. Th!"cmbi in the left cardiac atriu.'1\ ~'ere a cO:"'..."':'.on

cause of death in h~~ter5 in Ot~ experiments. Such lesion~

occurred in . ur~tl.·~atcd c!Jntrol groups, but in sone

of t;he treated gro".lps they \Je:-e fC'md earlier cmd ~cre

computer pro~r~~~ing ~~d analy~~s of d~ta fro~ necropsy

c~:rds for aninlc.ls in groups r:ho~m i:1. Table 1 has been done by

Dr. Tho::.·~.?:i Hayten , o~!' CC:::l::;::.:.i;ant in S~atistic3. For ·ec.c~



·~roup, he has made life table analyses broken down into

100 and 50 day intervals as follows:

Li c number of hamsters at start of period

Di = dead in period

Vi = lost in period

Wi 1:1 withdrawn in period

Ei 1:1 effective nurr.ber at risk in the period = Li -
~(Di +Vi+Wi)

Oi = probability of dying in the' period

Pi 1:1 probability of survivin; in the period

Ri -= ,survival rate

Si 1:1 standard deviation

From these analyses, ~e group size us~d for tests in

Table 1 (50 hamsters per gr~up) seems satisfactory for com­

parison of relative carcinogenicity of the tested samples

in the 100 day periods •

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

as. Addendwn A.

In the preceding text, fiber lengb~s cited for our samples

1 and 2 (Table 1) were deter~ined by light micro£copy using a
.

40X objective and lOx ocular. These measurements were ~ade in

the laboratory of ~~e Occupational Health Program, Dept. of

~ealth, .State of New Jersey, at the start of our tests of

~~ese s~ples in aninals. Also at the st~rtof our ani~al

t~sts, very sinilar rr.aasurC:::-~':::lts \;ere rcport~d to us for

9 -



these sarr.ples hy the U.S.P.H.S. O~cupational Heal~~ Reeca=ch

& T~aining ~acility in Cincin~~ti where 40X objective, ax'

ocular ~nd pha~e contrast illu~i~~tion were' used. Recently,

these samples \'lere fll=n~shed to Jo1ms Hanville Research a-"d

Engineering Conter, !~.:L"lvilla, 1\. J., wh~re they \:ere st~died

wit.h a l2~ cbj~ctive a~e a 5X ocular by dark field oicroscopy,

"images being projected to a fi!.~l rn~g.ni.fication of lOOX,

and di.::.l:1.?ters. ~oan lGnsot.hs reported under t.~ese l~tter

co~ditior.~ \~are ~onsiil~X"ably lC:J~r. Me::.surenents of E::C'...'7!ples

&'t.ud5.eq. :.m'l~~r the :3 o:;t:ic3.l co ndi tions are shc\':TJ. in Table 3 •
..~ ...

Also s~~~~ in Tabl~ 3 are meas~rensnts made on these and

t.~e or?si~.al p~otcg=~p~ ;':cs ne.de i".t 2COOX and \·raz t~en enlc.rgcd

in Table 3 for samples 1 ~nj .2 are rn~ch smaller than ~ean

~engt~u r~pcrtcd for these sa~,leg by optical microscopy.

In E~1 photographs, ~iJ:;ers le::;s than 5 cicrons in lengt..'1 were

~\. ""o\- ';')·,....,··..,·1 ~·1~ "'!"y """"'r·l.·"o·:~"·ic•...a~~ ... Ie _ .... ~.... -':""~ ...... - - .• \:.\.';.~

~nd 2, which ~erp- samples

!n s«r:.ple~ 4,5 a:vl 6 ...;h i c.~ p::rov~j non-carcinogenic in

harrlst~rs, mo::;t fibers \;C;1t'e too short :fer. rr.eaningful mc;\sure-

I!'.ent b" cotic:.l met".hof.::... - . 4. gave

measured.

.• 10 ..



'Table 1. F:':NDINGS IN JlAMS'l'P.HS AF'l'r~r" INTRhPLEUI\.i\J~ INJEC'l'IOn
50 hamsters per group

(Cumulative data to 650 days except ",.here r.otcd)

SAHPLE NEAll DOSE l-mSCTllEL- SI\RCO:1J..... LYMPHOID REHhRKS
F'IBER lOI·~ INJECTION TUNORS
LENGTH' SITE

Group No. microns mg.

1 25
(apprcx. ~

1 25
(approx. )

3~. 85 . 10

1 SOFT
CHRYSOTILE

2 HARSH
CHRYSOTILE

3 SOFT CURYS.
(Heated) .

4 SOFT
CliRYSOTILE

5 JIAnSII
CHHYSOTILE

5 SOFT CHRYS.
(Heated)

7 HARSH
CHRYSOTlLE

32.54

39.85 .

32.54

.76

25

25

25

25

8

9

10

o

(\

o·

4

2

3

o

o

..
J..

1 /

.L

1

1

o

2

3

o

1

'iCO d,ty~

700 .days

7CO cl~.:ta

r-I
r-i

8 HARSH
CHRYSOTILE

38.95 1 o ~• o 7CO days

11 SERPENTINE ROCK
DUST (ANTIGORITE)

9 M-I0SITE

.,10 AMOSITE

12 r-UCROQUARTZ
FIBERS

13 NEM})..LITE

17

17

56.1

53.1

10

1

25

10

25

3

o

1

4

()

2

o

o

..

.L

o

o

o

o

3

2

700 days

,.., ,-, ..-



Table 1 (Cont.) FINDIUGS. IN IIl~MSTERS AFTER INTRAPLEURAL INJEc'rIOH
50 ham~ters per group

(Cumulative data to 650 days except where noteu)



TABLE 2. YIELD OF MESOTHEL!O~1ASIN ~..AMSTEF.SAT SITES OF INJECTION OF CHRYSOTILES

Ci't"oup Sample 151 310 372 450 500 550 600 650
~ays d~ys d:lyS days d<l.Ys days days d",'ya

.'

Z BZ .
(Harsh)

, 1/41 4/26 4/21 7/16 7/13 7/9 8/5 9/2.

1 C2 0/4.4 0/33 1/30 1/20 4/11 4/9 7/3 Bll
. (Soft)

3 C~Hl .0/37 1/35 1/32 1/Z7 4/17 5/15 8/4 10;1
(HcQted

I
Soft) . .

M
ri..

Nw.mc:t"ator: Cumulative number of ham:;;tcrs h~ving mcsotheliomas.

Denomin:\tor: Number of surviving huIIlsters.

N. B. All survivors a.t 650 days wcre !dl!ed on that d~y. Pleura.l adhesionc, b;.l.t r.o tumors,, .
. .'

were found in them. For statistical treatmcn"i:, see Addcnduin A.



Table 3. Size z.:C3surCh1C'nts of SelecLcu Silmplcs.
(For rnaasurcroents of other Ga~plcs sec Table 1)

.. .J __

4 : C l .flo,76 . . .. ...

Dnrnple*

1

2

12

Lub+

A

.D., ..
~:" ~.

t:

A

B

C

c

OPTICl.L rHCROSCOPY

r·!'~~n f i;:-cr ) cngth
m.l.orons

30

32.~4

52.5

31)

30.85

63.5

5G.7

ELECTRON InCROSCOPY

Mean fib~r length
microns

6.9

5.3

7.38

~

.-l

.. Swnplc nos. + L2.b A: 40;~ object!va, ox ocul"r (phc~e contrast)
s~\e LIS those
in Table 1 -Lab D: 40X " leX n (dark field)

Lab.C: l2X " !iX " " n
.~

f .Fiber lengths o! s~rnple 4 we~e too smull fvr mCusurcment by optical methods.
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For optical and E1 studies of these s~nples at JMR&E.
we are indebted to Drs. James Leineweber, Alan Burns, Don

Bailey and Tom Brown.

Samples of soft and harsh chrysotile prepared in our

laboratory fro~ ~'izona ores wsre sent to Dr. Cralley i~ 1957

for analysis of trace e1e~ents by atcmic absorption spectro­

scopy. The following report was received fro~ him on these

samples, which ware the "long fiber" saI;'\ples that subsecr~ently

proved highly carcincgenic in our intrapleural tests in ha~sters

(Groups land 2).

B2b
,':. .. Material Mic::-oc-ra."':I ele:7.l~nt/ a:':'C\.::1 sc:':".nle.

L~~ Cr Co i·~'1.

Chrysotile (harsh) N.D. ·lLD. N.D. 420

C2c Chrysotile(soft) N.D. N.D. N.D. 190

From thcpe results, it can be seen that no detectable

amounts of nickel, chromi~~ or cobalt were found in the

samples as injected into r.~~sters.

S~sequently, Dr. Cralley's .group develo~ed a micrcsieve

It.ethod for separating "longer than 10 n;icron" (+10jl) and

-Less thful 10 micron (-10~) fractions of asbesto3 ~id fcund

certain trace elements in higher concentration in the short

fractions. In 1969, we resubillitted our samples to Dr. Cralley.

They were fr:l=tio:lated by the IIlicros:.eve method in his labor­

atory and he has repcrted the following analyses:

- 15-
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Microgram ele~ent/ ar~~ sarr,~le. ".
Co Cr Mn Ni Ca Mg Fe/g sarr.,:>le_. .

Harsh Ariz". +10}1 <10 <10 595 <10 710 B.8
chrysotile . -l~}l <60 414 480 230 1800 8.7

Soft Ariz. +lOll' <BO <.9 .310 <9 185 4.6
chrysotile -10.l1 <SO 157 230 46 118 2.9

In these analyses , the syrr.~ol<: means not detectable at

the stated lim~t of sensitivity of tests. From these data,

it is seen that detectable amounts of chromium and nickel

were not found in the +1011 fractions but were found in t.~e

-10F fractions. The -10F fractions constituted 6 to 7~ by

weight of th~ s~ples. These~fraction~ticnswere made on

our "long" (32-39 mean fiber length) sa~ples that proved
. ,':.. ' ~. ...

highly carcinogenic in h~~sters. If'trace elements in the

"less than 10 oicron" fractions were important in carcinogenesis,

then high carcinogcni.ci ty wO'J,ld' have been expected in our
,- .

"short" (1-5 micron) preparations of these ores, but such

was not the case,'ou~ short preparations provi~g essentially

non-carcinogenic.

The follo\'Jing studies were not part of the aims stat~d

for thio project in our crigi~al proposal but were carried

out as ~ncillary work:

a. In a previous proje=-t, we h"d carried out life-sp~~

studies on hamsters given repeated intratracheal injections

of,chrysotile with and witho~t banzo(a)pyrene. Histo-

- 1 6-
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'pathol~gic stuo.i~s of lu~~s fr~~ those animals were

co~pletad in the ccurS3 of th~ p~esent proj~ct wit~

results pre~ented i~ ~ attach~d publication ( 4 ).

b. R~mstcrs given a single intr~trach0al injection of

chr~'~otile \"l131:~ S ac::-ificcd at ir.ter..,.~ls for ex,,-":'lination

o'f l'.~l.gn by e!.ectro:1. f.1ir:ro;rt.p:1y \-1i th results described

( 5 ~, ( 6 ), ( i }.

c. For .~n2~otherA~~ltic tri~ls, a fest-growing mesc-
.:"'." .I, •

th~lic~n induc~d by crocieclite h3ve been estahlished

~nd are b~ing c'lrrie.~ .i.n sorial ~r.unr-;fer in nc''''' hosts

ine~GeQ ~~v~ ~Ou3Cpu~~o~a~ tissue cxpos~d to c~ry~otile

( 8 ). For Chc::1.oth~i:ar-~:ritic trials, 2 lines of these

p~lmon~r7 squ~o~s cell carcino~as and one 1i::e of

pulmonary adcno=arcino~a have been est~lishcd a~d are

b~ing cnr.ried in sp.T.jal tIan~fer in new hosts .(B~~3/c

LI~T C'!? RC3UI.TS

chur.~ct~risti~:; of pleural ceso-

:,,'-"'-'r; - .(:; .. "".". .;~.: 0e /.'; 0 ..... 0::: =-",,~ .... e~"'·-'l·so""J.·" ~ ~ .,-e1..• \a _ C"••• \"._J 4 .. j_ ""_..... .. __ '~J_w .: .... •1""_1 1 __· .

chrysotil~, anositc, cr0cidolit3, ~~thcphy11ita, diato~acsous

17
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earth, nickel po\vder and nd.croqu;'lrtz fibers, but not aft-9r

injection of trernolite talc, n~malite or glass fibers. Sar-.

pentine rock dust (ant~gorite) induced only a single case

of mesothelio~a.

2. Native harsh chrysotile induced tumors more rapidly than

soft chrysot.ile. Heat treatr:1ent of soft chrysotile increased... .,
fibrc.gcnicity but not c~rci~og~~icity.

3. Hith r.c;duction in dose, tr..ere \laS reduction in fibrogenic

.and carcinogenic re5pons~ to chrysotile, amosite and croci-

c.oli to. H~nc(~, hazards asscc.ia.t~:i \'>'l the:{posures to asbestos

should be controllable by reea3ures to reduca.amounts of ex-

posure •

. 4. At the lo.·..e~t dose lr~';E."'l tested (lmg), no tUI:lors arose

in r~sponse to chrysoti.le or G.-'nosite, but tu."':lors were fO\L"'ld

in respor.~e to crocic:.oli·cc.

5. \'lith each of 3 samples of ~hrysotile, treatment to reduce

fiber 'len;th reduced fibrogenic responses and elL"':linated car-

cinogenic responses. Elect=on microscopy revealed that the

treated SIT.1pl~s 'olcre iibror.3;'n nature and had not be~n re-

<1uced to' ~.rI'.Or.P~O'.lG n'.a·:;~·d.Cll. :rhos!, findings afford infnnna-

fo~ ind~strial.hygienepu=po~~g.

by c~~ef.t~s·injcctedi~traplo~ra~ly into hamstQrs.

-,
I •

elec'~on micr~graphy revealed phagocytosis of asbestos fibers

18
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not only by macropht,ges b~t e.l::c by epithelial cells.

Changes in fibers ~~d in epithelial cells ws~e eescr.ibed.

8. After intrat.::.;lchcill injection of bcnzo(3.)pyrene,plus

great~r ~~~n niter benzo(a)97rene alone.
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The carcinogenicity of asbestos (1332214) was examined in
LVGLAK-hamsters. Hamsters were given a single injection of 0.5 milliliter of a
suspensipn o~ 1 c~ 23 ~l'eparations of asbestos or other minerals into the right
P"Ti-ural cavity. Animals were followed for 650 to 700 days after injection or
until death. Necropsies were performed. Thoracic contents were examined
microscopically and histologically. Presence or absence of pleural adhesions
and their character, plaques, thrombi, or other pathologies were noted.
Mesotheliomas were found after injection of soft chrysotile (12001295), harsh
chrysotile, amosite (12172735), diatomaceous earth, crocidolite (12001284),
anthophyllite (16829439), nickel (7440020) pOWder, and microquartz fibers.
Tumors appeared more quickly with harsh chrysotile than with the soft variety.
Fibrogenic and carcinogenic responses to chrysotile, amosite, and crocidolite
were reduced with reductions in dose. At a dose of 1 milligram, tumors were
found only in response to crocidolite. Reduction of fiber length of chrysotile
reduced fibrogenic responses and eliminated carcinogenic responses. Electron
micrography showed phagocytosis of asbestos fibers by macrophages and by
epithelial cells after chrysotile injection.

.If! 2?'! • 9tl1

~ DOCUIltHTATION II. 8D'OIIT 1m. I~ PB84-241603,AG[
-.......... ca.. ".. nne ... Iubttde

00/00/00Terminal Progress Report, Mesothelioma In Relation To Asbestos

I ~

-' - .
i'.~.) L ........... ()rpIUutioft AeDc. ....

Smith, W.E ... -
II. "...",.~Unit ....t ......... ".... Orptla................~

Health Research Institute
Fairleigh Dickinson University II. CcN*ad(C) • GNnt(Q) ....

Madison, N.J. 07940 tC.
... ~-ROI-EC-00226-04S 1..

~ ....,1«1.. OupftiatNlui ...........~ U. T,... fill hoM .......... e-.d

NIOSH. U. S. Department of Health, Education, and Welfare,
Cincinnati, Ohio - -~._-

w.

~ ..u .."...." ....

-J&. MiItnuet n.IftIWt: 2DO __I

b. 1"'lfteR/~Terms

NIOSH-Publication, NIOSH-Grant, Animal-studies, Dust-exposure, .
Toxic -effects, Laboratory-testing, Clinical-techniques, Testing-eqUlpment, Carcinogens,
Grant- Number-EC -00226-04S 1

I%1• .... ot~
----

I%L~I

ll. s.curtty a.u cnw. ~)

.. Security a- cnw. .....'
. -2- _

Co COSATl Fiefd/GtouCl

rlL AvaIIaOiIIty -.-;

I




