& An animal xnha!auon study was xmuawd to ﬂudy the cbmmc bxo!opml effects of inhalation
se. of short chrysotile asbestos fibers. Rats and monkeys were exposed for 18 months, 7 hi/day, .
5 dsysfweck to & spcmaﬂy prepared, chrysotile asbestos serosol. Based upon daily chamber
. measurements, the mean concentration of fibess in the chamber sir was 1.0 my/m>. By phase o o __
- contrast microscopy, the purpber of fibers > 5 um in length was determined 1o be 0.79-fiber ’
per cubic centimeter. Rats were autopsied for pathological and histochemical examination at
1, 3, 6, 12, 18, and 24 months afier initiating exposures. No significnt differences in the
. histochemical data were scen between the exposed and coutrel groups. Gross and histopathologic
examination of exposed and contro! groups of rats indicated no compound-related lesions,
including fibrosis. Open Jung biopsies were performed ob the chrysotile-exposed and the control
monkeys 28 months afler injtiating exposures. Histopathologic evaluation of the tung biopsy
;- tissue showed the presence of asbestos bodies adjacent to the terminal bronchioles of the
i asbestos-exposed. monkey& There was no observed fibrosis in pulmonary tissue. All monkeys
4~- are being maintained Tor 8n indefinite period and observed for signs of latent pulmonmy
=~ diseass.

(At

s

Asbestos contains pumerous insulating as al, 1977; McDonald and Liddell, 1979)
wdlas chemical- and wear-resistant properties  Results of rather extensive animal research .
v&’ _h make it an extremely valuable mineral have shown that fiber length and diameter-
Eihc production of textiles, cement and tile  are the most important determinants in the . -
pm(}ucts, gaskets and friction materials, coat-  induction of mesotheliomas. Fibers that are .
nesand automotive brake linings (Hendry, >8 pm in length and <1.25 pm in dameter . -
m)‘Howcver, asbestos has been shown by are much more potent than those of other’
numerous mvcsugames'.xo cause the debili- sizes (Stanton ef @l., 1981). It is not koown,

oy, d

m}nghuman discases of asbestosis, broncho-  however, and little research has been. done-:
gcnir carcinoma, and mesotlielioma (New- 10 prove whether fiber size -is an equally -
nd Thompson, 1965 Kannerstein e/ important determinant in the induction of - -
asbestosis or lung cancer. A few authors have

" i tial hazards and prob-
,pmhmma.ry seport of this mawnal was pn:cnted mentioned _the pott.:n .

n?:hc.pm NCI/EPA/NIOSH Collasborstive Workshop ~ lems  associated with short fiber asbestos
 Rockville, Md., May 7, 1980. (Yeager ef al., 1983; Gross, 1974; Selikoﬁ‘et
t’l‘h:s gtudy was conducied under contract with The al 1972; Holt et al, 1955)

: lmrmational Research and Dewelopment Cormporation, The present Occupational Safety zmd

Hmawan, Mich. under NIOSH Contract 210-77-0151.
Study was supported by the National Cancer Health Administration (OSHA) standard for

* InStityte (NCJ) via an Interagency Agreement between  @irborne asbestos fiber exposure is mot to
NCland NIOSH. exceed two fibers longer than 5 um per cubic
EXHIBIT
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centimeter of air over an 8-hr, time-weighted
average period (OSHA, 1978). Although the
OSHA standard regards airborme asbestos
fibers less than 5 um as a nuisance dust with
exposure to 5 mg/m’ permissible, it has been
shown that for every fiber greater than 5 um
there may be more than 100 fibers less than
" 5 pm in length (Holt ez al, 1965). Of these
smaller fibers, most are probably beyond the
resolution of the optical light microscope
{(~0.25 pm) and may be seen only by electron
microscopy. Thus, the several million Amer-
icans employed in the use of asbestos-con-
taining products, including automotive brake
and clutch relining as well as reinforcing pipe
" and tile manufacturing (DHEW, 1978;
- Bruckman, 1978; Lynch, 1968), are exposed
to potentially high levels of short (<5 um)
asbestos fibers. .
The purpose of this study was to determine
the chronic biological effects afier inhalation
of chrysotile asbestos fibers less than § pm
in length in laboratory rats and monkeys.

MATERIALS AND METHODS

Chrysotile (short fiber} preparation. Type TIFI chrys-
otile was obtained from the Johns~Manville Sales Cor-

PLATEK ET AL

“ap oF il
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poration in Denver, Colorado, Fou:-hundmmm
batches of the chrysotile were dried in an oven for24 by &
at 191°C, milled in a ceramic ball mill for 24 hidsma
then dricd again for 24 br at 191°C. Each baldh-n"
examined by scanning electron microscopy to dam -
fiber size. Five batches were randomly selectedznd
quaniitatively analyzed by induction couplediplisng 5 .
emission spectroscopy for their clemental oonwm:é& 13.\_
Inhalation chambers, dust generation, and charaie. 5
ization. Experimental exposures were mduand’ XF4
16-m? glass and stainless steel, dynamic air flow expisre g
chambers. Air for both control and exposure-t :
ventifation was filtered with HEPA 6iters to- mtna-e
particulates and controlled for temperature and humﬁty
The mean temperature within the two cxpusumdmmbm
was 23.6°C (74.5°F) with a mean relative humxdnyu’ i
61.5%. The chamber air flow rate for both study groaps 1
was ma.mlamed at 1500 fiters per mioute {53 cfm)ﬁnt 4‘
control inhalation cﬁ?mbcr was supplied only- mﬂtdlz ;{
filtered and temperaturo--and humxdzty—contmﬂad-: 3
The asbestos inhalation chamber used a spocially desigied
dust-feed elutriator system (International Rescarchisnd
Development Corporation, Matrawan, Mich.} to genciate -
the short fiber asbestos atrnosphere (Fig. 1). The opeta- &
tional characteristics of the device were as followsfs
known weight of prcpamd asbestas ‘was placed i the
rescevotr of the geheralor apd stirred by 2 stiming mcib-
apism. A disk containing cupa around the perimeter v
rotated through the reservoir permitting the cups ohe
filled with the chrysotile dust. The filled cups then pessed
over a blowout port where a metered How of desiccated
air “puffed” the asbestas into 3 vertical elutriator cobumn
fitted between the generator and the chamber air ikt -

oty
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Fic. 1. Diagram of system used to generate short asbestos fibers.
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mw concentration. The elutriator column only
’&ugdcmmd smaller fibers (<5 um) while a sediment
b "ﬁbas and particies was collected on the bottom
convoluuons of the column.
ﬂ‘gdﬂ ~the experiment, the inhalation chamber at-
,g'phacs were routinely characterized by three different
petods.s Mass concentrations were determined three
Mydunng expasures by drawing known volumes
mber air through preweighed glass fiber filters. The
gurs wese then reweighed and e mass concentration
Mm 8s the difference in weight divided by the
¢ of zir sampled.
Menurements of the chamber couceotration of fibers
i '51 5 um in length were also made three times
ﬁumg'cxpo&urs In this procedure, chamber sam-
known volume were collected on 0. &.xm pore-
;x"ﬁlu!osc ester membrane filters. The fBlters were
n%munwd snd counted by phase contrast fight
; SO0 at a megoification of 400X using NIOSH
and Cbcmml Analysis Method No. 239 (T aylor,

n

hmcié'sxzc distributions were also determined dazty

daiof:ilie exposures ulilizing an Andersen cascade im-

-ix;(.\ndm:n Samplers, Atlanta, Ga.) operating at

.’ﬂ.ﬁm per minute. The weight of particles on each
m determined gravimetrically. -

ging electron suicroscopy was also used to monitor

3 5 disnibution of particles in the exposiure chambers.

INHALATION OF SHORT ASBESTOS FIBERS

ﬂ';mba's incoming air fow dileted the serosol to-
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Twenty male cynomolgus monkeys, Macaca fascicu-
laris {Primate Imports Corporation, Port Washingion,
N.Y.), weighing from 3.8 t0 3.96 kg were randomly
divided into exposure and control groups of 10 each.
The ‘monkeys were housed individually in suspended -
stainfess-stee! cages and given food (Purina Monkey
Chow) and water ad fibitum (except during the daily
exposures) plus supplementary fruit throughout the study.

All animals were exposed in the inbalation chambers
for 7 hr/day, S days/week for 18 mounths. At the end of

" each daily exposure, all animals were removed from the

chambers. The chambers were thep cleaned. The monkeys

* were then returned to the chambers while the rats

remained in the adjacent holding room .until the pext
exposure period. At the end of the 1B-months exposure
period, all surviving rals were maintained for an additional
§-month postexposure observation period prior to final
sacrifice. The monkeys were maintained for a 10-month
pasiexposure period and then transferred to a oontmc(or
for long-icvm observation. -

Pathological analyses. Rat sacrifice intervals and on-
study mortality are indicated in Table §. At eath seSrifice
period, the rats were killed with an overdose of sodium
pentobarbiral administered by intraabdominsal injection
and then necropsied for gross and histopathological
evaluation. The lungs were weighed and then inflated
with phosphate-buffered, neutral formalin. Sections of
the following organs were also fixed in phmphaw-bnﬁaud.
peutral formaling

N ibestos chamber samples which were collected on
u;iaiaom Nudlepore filters were sized. Scanning
&g?zpn‘mmogmph enlargements of individual fields of
fnrg magmﬁmuon of 5000X were used in the sizing

B

e’
“
—
o
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\

brain
pituitary
wachea

Mm. Nonfbrous particles were sized using a Zeiss
!ldd'llI'rS particle size counter {Casl Zeiss, Germany).
-and widths of fibrous particles were deter-
mnusﬂy usiog g-rulers——— - - -
mgwdy Three bundred poale Sprague-Dawiley
va:r Breeding Laboratorics, Wilmiogion,
th an average body weight of 109g were
-dmdod tnto two groups of 150 each. The rats
FW Lindividually in suspeaded wire-mesh staip-
¢ ;9@5 and given food (Purina Laboratory Chow)

ey

e

-‘dntu’ud {ibitum lhroug@om the s:udy exeept during

pasaf turbinates

laryax

adrenal {2)

thyroid

uripary bladdcr

skin

sternal bone marmw

salivary gland

mammary gland

any ather grossly
sbnormal tissue

tracheobmnchm! lymph nodc

stomach e o

colon (smdms nnd;h_
dmndxug)

testis (2)

prostate

Bty " TABLE | »
EXPERIMENTAL RAT SACRIFICE AND MORTALITY SCHEDULE - -

Sacrifice (study month)

Maortality® (momb interval) <.~

37 6 12 18 24

-3 36  6-12 1218 718247 -¢ Total

1515 15 20 38
15 15 15 . W 45

150
<150

2 2 3 12 3

1) 4 2 14 15
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At all sacrifice periods, the left fungs from five mndomly
sclected rats from cach exposure group were analyzed
for the preseace of an inflammatory response by mea-
suring the following cazymes: lactic dehydrogenase (Zu-

ibe, 1970), acid phosphatase {Barka and Aasdesson,
§963), and g-glucoronidase (Thompson, 1966). At the
3-, 6, 12-, and 18-month and terminal sacrifices, the
Ieft lungs from 0 randomly selected cats from each
exposure group were taken for subsequent hydrosyproline
and clemental glicon analyses. These lungs were sectioned
longitudinally aloog the main stem broochi such that
each contained portions of the apex and base. Oue

" section was then analyzed for hydroxyproline and the

other for ciemental silicon by plasma emission spectros-

- copy. In addition, blood was taken from these same rats
_for elemental silicon deiermination. Blood was also

drawo from all monkeys at these sacrifice intervals for

" elemental silicon quantitation.

.Hematoxylin and cosin stained sections of the remaia-
ing lung tssue and of each of the above tissues were
prepared for and examined by light micrascopy.

Tweaty-eight months afier the initiation of exposures
({0 months after completion of exposures), open lung
biopsics were performed on all ronkeys for histopatho-
Togical evaluation and for lung tissue fiber content detes-
minations. ApproXimately 2 g of tissue was taken {rom
the amterior margin of the right lower lobe of each
monkey. .

The procedute for determining lung fiber content is
as follows. Pieces of lung tissue were freeze-dried to
constaat weight using a Labconco Freeze Dry § freeze
dryer and then ashed in a low-temperature asher {Inter-
national Plasma Corporation, Model [PC 1005-148AN)
using an oxygen plasma. The ash from exch lung was
then added to 50 mi of a 0.05% solution of Aerosol OT
(Fisher Scicntific) in filtered, deionized water and then
sonicated for 10 min in an virasoesic bath. The resulting
suspensions were then difuted to 100 mi and stirred
magnetically for 10 min. Aliquots of ‘the suspensions
were then filtered through 0.1-um pore-size Nucleopore
filters. The filters were then carbon coated in & vacuum
evaporator (Edwards High Vacuum, Model 306). Pieces
of these filters were then placed on 200-mesh transmission
clectron microscope grids and cleared with chloroform
using a2 modified Jafe-Wick techaique (Jaffe, 1948;

. Chatfield and Dillon, §978).

The resulting grids were examined in a ransmission
electron microscope (JEOL, Model 100CX) equipped
with an eanergy dispersive X.ray spectrometer system
(EG&G Ontec, Modet EEDS 1I). All of the fibers found
in 10 grid spaces for two grids of cach sample were
counted and Sized. Every 10th fiber was analyzed by
energy dispersive X-ray analysis and selected area electron
diffraction to confirm that it was chrysotile. Lung Rber
concentrations were calculated from the fiber densities

, on the filter preparations and the ornginal dry lung

weights.

pling was 1.0 mg/m*® with a standard dcm-

- the entire experiment was 0.4 to 1.8 mgfm’

ET AL

All of the monkey lung biepsies, both cxpose&‘.m "F\

controls, were analyzed for fiber contest. In addition,
lungs from five of the 18- and 24-month (lerming.
sacrifice) rats from mhexpmumgmup wert also analyped ¥
for fiber conteat. :

RESULTS

these elemental analyses #re summoari
Table 2. Of interest are the relative
concentrations of aluminum (0.88-121%)

Each batch of the ball-milled asbestogw;
also examined using the scanning electron
microscope (JEOL, JXA 50A) at magmf_;&-
tions of 400X and 5000X to ensure thatthe
vast majority of the prepared fibers were fess: )
than 5 um. Am-unavoidable by—produgef‘,
the ball-milling procedure was the preparation
of agglomerated ashestos “balls” or bundl:s
of asbestos fibers. Figure 2a is a smnmng
electron micrograph showing a typlcalhn-
milled preparation. A high magaification’s E“
Targement of .one of the asbestos “balls™ i
shown in Fig. 2b. ’ ) HR

_ The results of the exposure chambct mon- i
nonng were as follows: the mean mass. eon- :
centration as determined by gravxmetncsam-

tion of +0.28. The range of mass values over

The mean number of asbestos fibers grmer
than 5 pm in length as determined by.
microscopy (Taylor, 1977) was 0.79: ﬁbctf
cm® with 2 standard deviation of 0. 4l.v
values ranged from 0.08 to 1.5 & <:rllJ
The mean equivalent aerodynamic diame
for the particles in the exposure chambcl:ts .
determined by using the Andersen asadt
impactor was 5.0 um with a geometnc s:zn-
dard deviation of 2.9.

A total of 14,558 particles (ﬁbmus:‘and
nonfibrous) in 138 fields of view frommn!
samples of the asbestos chamber am:aosphﬂ'c
collected on Nucleopore filters were coua
and sized by SEM. OF these particles,§34
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e © “TABLE2

EA B R e B kA

;i.-'F..l-

ig e ~ CONCENTRATION OF INORGANIC ELEMENTS IN “TTF! CHRYSOTILE®

Batch No.

61

B E

ere fibers and 7618-(52%) wére non-
«The majority of the nonfibrous para

12?2((:) The fiber size dlstnbuuon is shown
3 for eight of the nine samples. The
coggt“medmn length of the fbers was 0.67
: smi{geometric- standard _deviation = 1.87),

, t\‘ lq'- t.\

-median aspect ratio (length:width)
. > Only 46 (0. 66%) of the 6940 fibers
"ﬂggr&ter than 5 gm in Jength Only 0.35%

'§§ ibers. were both,grmtcr than § gm in

and grmxer tHan 0.3 pm m dxamcter

,;ﬁxe ‘number of ﬁbt.rs ner cubic centi-

’ . o of chamber air was also" calculated.

ength found by this method was 3.0/
ﬂ,_axr (range, 0.4-7.5). This'is 3.8 times
itan number of fibers found by phase

light microscopy. Since the number

unt median diameter was 0.09 pm,

of fibers greater.than 5§ um in length and
greater than 0.3 pm in diameter represented
about 52% of all fibers greater than 5 pm in
length, their concentration in the chamber

air was estimated to be 1.6 fibersfem? of air.-.
-This is about two times the mean number of .
fibers found by phase contrast light micros- -

copy. The mean number of fibers less than

5 ym-.in length in these mine samplw was

493/cm’ of air {range, 144-1226).

Table 1 shows the on-study moﬂaﬂty- of-
the experimental rats between scheduled sac-’
_rifice intervals. Table 3 shows the rat mean . -

body and lumg weights at.the designated:.

sacrifice- intervals. Both tables illustrate that
no significant difference was -observed - in
group moriality or body and lung weights
over the course of the experiment. No signif-
icant body weight differences were obsesved
in the monkey groups at regular weighing

intervals except at the 3-month period.
Results of histochemical tests, which in-
cluded S-glucuronidase, acid phosphatase,

HWBUI0009545



- e

e TS AT e e AR ST S TR A e ) _ . !

b R e ) e

HWBUI0009546




INHALATION OF SHORT ASBESTOS FIBERS

LSS LSS S S3S
[ LSS S S )=
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FIPER LENGTH
{rm)

¢ dehydrogenase, indicated no dnf
femnce between the conmtrol and exposed

m:lung and blood serum for each sacrifice

mtqva] is shown in Table 4. Because of the

htoad range of silicon values in both the rat
monkey groups as well as varying limits

tfdﬂecmbl.hty, no conclusions may be drawn

mkrewd to silicon confent.

ghc hydroxvproline determination of the

rcvm}ed 00 significant difference between the

_ and control groups at sacrifice inter-

\'ﬂs as well as over_the.course of the study .
E (malyms ofvanance, p > 0.5).

¥
!
[ perimental rat ting as seen in Table 5

upon ‘gross and microscopic obser-
he only -pu}aonary a!terauons Seen

. Pbaswm the pulmonary alveoli. Scanning-
hnnsmmon electron microscopy of these
mégn hages revealed the presence of chryso-
o pulmonary fibrosis or pulmonary

, gmup The silicon content of the experimental

FiG. 3. Aerosol chamber fiber size distribution. The data shown are the sum of-nine flter analyses.

wmors were seen. An unexpecied finding
was gastritis in 12/38 exposed and 2/45 con-
trol rais at the terminal sacrifice. Microscop-
ically the majority of these lesions consisted
of focal mucosal ulcerations and submucosal
inflarnmation in the nonglandular portion of
the stomachs.

Microscopic examination of the lung biop-
sies from the monkeys revealed a few scat-
tered macrophages in alveoli and a few as-
bestos bodies adjacent to the terminal bron-
¢hi. No fibrosis or tumors were seen in tbm
biopsies.

Lung Fiber Analyses

The results of the fiber size analyses for -

the fibers recovered from the lungs of five
rats from the 18-month exposure group and

five rats from the 6-month postexposure ..

group (lerminal sacrifice) appmr in Flgs 4
and 6 and Table 6,

In the 18-month group, a mtal of '2141
fibers were sized. The mean number of fibers
per gram of dried lung for these rats was 294
+ 31 X 10° (range, 257-327 X 10°). The mean

=FIG. 2. (3) Scanning electron. micrograph of a typical ball-milled asbestos preparation. Bar = 2.0 pm.
) A scapning electron micrograph showing & typical asbestos “ball.” Note ihat individual short ﬁbcrs
gl!mlcd together.to form the ball. Bar = 1.0 pm.
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TABLE 3

MEAN VALUES FOR RAT LUNG AND BODY WEIGHTS

’ Exposure
interval Body weight  Lung weight
{moanths} . Group {8 (&
330+ 33.5* 1.58 2025
332+ 219 166 £0.13
454+ 454  1.65 +0.11
4632 470 . 181 £0.22°
558+ 505  1.88 £ 0.1%
565+ 596 192%0.16
634+ 614 201 £0.20
656+ 853 203 £ 0.6
M0 954 2.09 £ 0.19
G 693 £ 1011 2072019
24 - . Control 7651852 234 £022
TV Asbestos 756+ 1524 231 0.20
8 Mean x SD.

% Statistically different from the control group (p < 0.05).
." € Six months postexposure. :

concentration of fbers less than 5 pm in
length was 272 + 31 X i0° (range, 241-308
X 10%), and the mean concentration of fibers
greater than 5 pm in length was 23 +£49
X 10% (range, 16-28 X 10%. The mean
percentage of fibers greater than 5 pm in
length in these lungs was 7.7% (range, 5.8~

TABLE 4
- . SiLICON CONCENTRATIONS 1M RAT LUNGS AND BLOOD®

typlcal ashed {ung preparation is shown iin 3 ¢
Fig. 5. Note the individual fibers as weli = 2.
one of the asbestos “balls.” . - -~ ¥

~ PO
N

6), a total of 919 fibers were sized. The sk
pumber of fibers per gram of dried. luv"ﬁ :
these rats was. 192+ 27 X 10° (rang

209.X 10%). This value is signiticairy:ic
than the same valuc obtmned at }K’ﬁ

=

X 105 (cange, 117-189 X 10°). This A
significantly lower than-the same valiicGob-
tained at 18 months (p = 0.001) The: *ﬁ.‘%
concentration of fibers greater than- S'ﬁnm
length was 27 £ 9.3 X 10° {range;: 184K
10%).- This value is not significandy dxﬂinun -
from that seen at {3 Tonths (p> 0.0 Ve
mean percentage of fibers greater than- B:jm
in length in the 6-month poszexposumf
was 12.6%. 8 ¥
Only one fiber was found in the lung‘d'
one out of four control rat lungs at theJB—
moath sacrifice: The concentration otﬁbeu )
in the lung of that rat was calculated:to; 0 be ¢
0.16 X 10° per gram of dried lung. Onli’m= .
fiber was found in the lung of one out of; fne .
control rats at the 24-month sacnﬁoc.iﬂr
concentration of ﬁbcrs in the lung of thztm

Dry lungs

Group Range Mean

sD ' Ran.gc

HWBUI0009548



TABLE 5

RAT PULMONARY TISSUE

Hydmxyprélinc’ . -

Group {mgfg dry lung tissue)
Control 2838 £ 229°
Asbesios 2884 = 324

- Control 3108 + 248
Ashestos 3220+ 2.84
Coatrol * 3535+ 281
Asbestos 3369+ 692

Cootro! - Laboratory error—sample lost
Asbestos  Laboratory emmor—sampie lost

Control, 2453+ 738
Asbestos- 26.73 % 10.63
Mean % SD.
ix months postexposure.

was calculated 10 be 0.49 X 10°/gram of dried

sThe results of the fiber size analyses for
the-bbers recovered from fhe lunps of the 10
: monkeys at the 28-month biopsy are sum-
. mmzed in Fig. 7. A-total of 4124 fibers were
szzed."’Of these fibers, 239 or 5.8% were
3 Mer.than 5 pm in length. The number of
: "' per gram of dry. lung,[qr these monkeys

INHALATION OF SHORT ASBESTOS FIBERS
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was determioed to be 327 * 53 X 105 The
values for the 10 biopsy samples ranged from
228 to 356 X 10° fibers/g.

DISCUSSION

The resuits of our study show that ipha-
fation exposures of male rats to ball-milled
chrysetile at a concentration of | mg/m> and
0.79 fiber > 5 pm in length/cm,’ 7 hr/day,
S days/week for 18 months is insufficient to
produce puimonary fibrosis or tumors within
24 months. | also shows that a concentration
of 23 X 10° chrysotile fibers >S5 um in
length/g of dry lung, 272 X 10% chrysotile
fibers < § um in length/g of dry lung, or a
combination of the two are insufficient o
product pulmonary fibrosis or tomors in a

6-month period (18-24 months afler initiat-
ing exposures) in male mats. There are no
other comparable studies reporied in the
literature.

However, there are several inhalation stud-
ies reported which have shown that a variety
of types of asbestos can produce pulmonary
fibrosis and tumors in rats. In 1977, Gross
et al. reporied the induction of lung tumors
in male rats {10/41) exposed 10 ball- and
hammer-milled Canadian chrysotile at an

- average weekly concentration of 86 mg/m®,

i

: //////ﬁkﬁ/*f
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NUMBERS AND LENGTHS OF CHRYSOTILE FiBERS IN RAT LUNGS BY TEM*

PLATEK ET AL.

TABLE 6

Rat No.

Fiber leagth

All leagths

<5 pm

>5 um

>8 pm .

’ >10 pm

+ 802875 7

302 . 25 - 14
+"80-218 - -, 291 - 263 . 28 14
. 80219 - 257 241 16 73 -
T 80-220 294 269 25 38
“g0-221 37 308 19 u

Mean (SD)

: 80-554 - 201 183 18 1 58
-80-555 - 209 189 20 .~ e .48
80-556 143 17 26 95 —~ 19

* 80-557 20 170 31 9.8 "= g4

. 80-558 204 163 4 24 84 .

294 (31)*

217

272 (31)°

18 Months of exposure

2349

6 Monihs postexposure

' Mean (SD)

T 19227 164 (28)

27 (9.3) 3 s

* Values are No. of fibers/g dry lung/10%

5 Significantly higher than the same-sized fiber concentration obtained 6 monlhs poazxposure {p< 000!). ; e

6 hr/day, 5 days/week for 62 weeks and
observed for up to 34 months following
initiation of exposures. He also observed
pulmonary fibrosis and one mesothelioma in
the exposed rats. No information on the
npumber of fibers per cubic centimeter in the
chambers or fibers per gram of lung tissue
was given. In 1974, Wagner et al. reported
the induction of pulmonary fibrosis, lung
tumors, and mesotheliomas in rats exposed

for a variety of intervals ranging from 3 to

24 months to amosite, anthophyllite, crocid-
olite, Canadian chrysotile, or Rhodesian
chrysotile. The exposures were for 7 hr/day,
5 days/week. The mean respirable dust con-~
centrations varied from 10.1 to 13.5 mg/m>.

No information on the number of fibers per -

cubic centimeter in the chambers or the
concentrations of fibers in the lung tissue

* was given,

Davis et al. (1978) reported the mducuon
of pulmonary fibrosis, lung tumors, and two

mesotheliomas in rats exposed to concentra-

-

tions of UICC chrysotﬂe cmc:dohtc, and
amosite ranging from 2 to 10 mg/w’,.7 hr]
day, 5 days/week for 1 year and sa.cnﬁoed
16.5 months postexposure. The highest i mu—
dence (15/40) of lung tumors and the mosl
severe fibrosis occurred in the group exposed
to chrysotile (10 mg/m¥). The concentraiioa
‘of fibers greater than 5 um in length in the
chamber air by phase contrast-light micros-
copy was found to be 1950/ml The rafs .
~exposed to chrysotile at 2 mg/m? (390 fibers |
> 5 pm in length/ml) also developed ling -
tumors (8/42) and pulmonary fbrosis.: Tbc
incidence of lung tumors in the rats exposed 1.
to crocidolite and amosite ranged from 235 -}
10 4.7% and the extent of fibrosis was las
than that seen in the groups exposed - m
- chrysotile even thoug,h the mass and numba 4
of fibers > 5 pm in length per milliliter- m
the aerosol were comparable to those seﬂ_!
with the chrysotile-exposed - animals. Exami: °
nation of the fiber preparations by scannifig
clectron microscopy, however, revm!ed many
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length per milliliter, whereas the mcidolit‘é;
and amosite aerosols at the same mass con-
ocntraﬂons had only 34 and 6 ﬁbers > 20
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pm in fength per miliiliter. Concentrations
of fibers in the lungs of the animals were not
measured. .

The most probable explanauon for why
pulmonary fibrosis and lung tumors were
produced in rats by the above investigators,
but not in our experiment, is the large differ-
ence in the concentration of long fibers in
the aerosols. One chrysotile aerosol (10 mg/
m*) in the Davis ef al. {1978) study contained

2538 times more fibers greater than 5 pmw io’

length than the aerosol in our experiment
and their other chrysotile aerosol (2 mg/m’)
contained 500 times more fibers greater than
5 pm in length. It is interesting to note also
that Davis ¢f al. (1978) found that the pul-

-edmonary fibrosis and tumor incidence corre-
“Jated better with the number.of fibers >20
pm in length when the preparations were’

examined by scanning electron microscopy.

Other methods of administering asbestos
to animals have also supported the concept
that fiber lepgths are most important in the
induction of biological effects. Wright and
Kuschner {1977) injected guinea pigs intra-
tracheally with long and sbort fibers of cro-
cidolite, as well as synthetic fluoramphiboles
and glass fibers, Animals were sacrificed at
intervals up to 24 months. One crocidolite
preparation in which 80% of the fibers were

- >1.25 pm in diameter).

greater than' 10 pm in length produced-ex
tensive interstitial pulmonary fibrosis, whemas
the crocidolite preparation, in which 99%‘05
the fibers were. fess than § pm in length;s
produced no fibrosis.- The fiber diameters-in
both preparations were between 0.1 and 0.3
pgm. The fact that only 4 -mg of the: long-
fibers compared to 25 mg of the short ﬁbcm‘;
had been injected per animal enhanced the
significance of the results, . - éi.
The most detailed studies relating 8
sizes to biologic effects were those repcrted“
by Stanton et al. (1981). They tested. fbers!
of differing lengths and of several dxffemnv:
chemical compositions. These included cm<-
cidolite, various types of fibrous glass alud

" minum oxide, dawsonite (NaAl(OH),CONE

wollastonite, tremolite, amosite, attapulgi
hallyosite, silicon carb:de, and potassium oog
tatitinate. The fibers were injected lntmpleur';'}.

ally in rats. They found that fbers >8 pm.ing |

length and <1.25 um in diameter were much~
more potent in inducing mesotheliomas than’ﬁ‘
other fibers (i.e., those <8 um in iength and'*

In all of the above studm, asbcstos m
tested alone; that is, no other carcinogen W
administered with the asbestos. Therefortv-
no comment can be made on the relative’
importance of short fibers versus long ﬁbcrsri
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n acting as cocarcinogens for substances like
pgarette smoke, which is most important in
;d,e occupational setting (Hammond e al.,
ﬁ979)

£=There are two other factors ‘that might
Fave ;influenced the resulis of our study.
zrhwe are the rather high aluminum content
ﬁs-l 1%} and the fact that the chrysotile

‘ball milled. The aluminum content was’

5ab0 t twice as much as that reported to be
| Soreseat+in the UICC Rhodesian chrysotile
- gTambrell, 1969) tested by Wagnet et al.
F ?;74) -Aluminum compounds have been
C smponed to modify the fibrogenic potency of

i Hiica. (LeBouffant et al, 1977), and it is

ble that they could also modify the
rogenic potency of silicates, e.g., asbestos.
! er. investigators bave reported that ball
ﬂnﬂhng may also cause a degradation of the
structure of the asbestos fibers (Spurny
‘dl,. -1980) which may affect the biological
acuvxty of the asbestos. The modification of
gixrysotde, e.g.; by leaching in 1 N HO (with-
#put apparently modifying fiber length), has
ibeen shown to- modily the biological effects
%oth in vitro and in vivo (Morgan et al.
% Evans et al., 1983).
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