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NOTE TO THE READER

These studies are designed and conducted to characterize and evaluate the toxicologic potential
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats an
mice). emicals selected for testm% in the NTP Carcinogenesis Program are chosen primarily on the
bases of human exposure, level of 1t)_ro uction, and chemical structure. Selection per se is not an indicator
of a chemical’s carcinogenic potential. Negative results, in which the test animals do not have a greater
incidence of cancer than control animals, do not necessarily mean that a test chemical is not a carcinogen,
inasmuch as the experiments are conducted under a limited set of conditions. Positive results
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate
that exposure to the chemical has the potential for hazard to humans. The determination of the risk to
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends
beyond the purview of this study.

Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical Reports
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For
each definitive study result (male rats, female rats, male mice, female mice), one of the following quintet
will be selected to describe the findings. These categories refer to the strength of the experimental
evidence and not to either potency or mechanism.

® Clear Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of malignant neoplasms, studies that exhibit a
substantially increased incidence of benign neoplasms, or studies that exhibit an increased
incidence of a combination of malignant and benign neoplasms where each increases with dose.

¢ Some Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of benign neoplasms, studies that exhibit marginal
increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in
uncommon malignant or benign neoplasms.

¢ Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as
showing a chemically related marginal increase of neoplasms.

¢ No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing no
chemically related increases in malignant or benign neoplasms.

o Inadequate Study of Carcinogenicity demonstrates that because of major qualitative or
quantitative limitafions, the studies cannot be interpreted as valid for showing either the presence
or absence of a carcinogenic effect.

Additionally, the following concepts (as Npaf;termgd from the International Agency for Research on Cancer
Monographs) have been adopted by the NTP to give further clarification of these 1ssues:

The term chemical carcinogenesis generallg means the induction by chemicals of neoglasms not
usua_.llg observed, the earlier induction by chemicals of neoplasms that are commonly observed, or
the induction by chemicals of more neoplasms than are generally found. Different mechanisms
may be involved in these situations. Ethologmally, the term carcinogenesis means induction of
cancer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction
of various types of neoplasms or of a combination of malignant and benign neoplasms. In the
Technical Reports, the words tumor and neoplasm are used interchangeably.

This study was conducted under contract to the National Institute of Environmental Health Sciences,
National oxi.col(l)\‘% Program. The studies described in this Technical Report have been conducted in
compliance with NTP chemical health and safety requirements and must meet or exceed all applicable
Federal, state, and local health and safety regulations. All NTP toxicology and carcinogenesis studies are
subjected to a data audit before being presented for peer review.

Although every effort is made to prepare the Technical Re%orts as accurately as possible, mistakes may
occur. Readers are re(t;uested to identify any mistakes so that corrective action may be taken. Further,
anyone who is aware of related ongoing or Bubhshed studies not mentioned in this report is encouraged to
make this information known to the NTP. Comments and guestions about the National Toxicolo
Program Technical Reports on Tox1colog1y and Carcinogenesis Studies should be directed to Dr. J E. Huif,
National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780).

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Sm%le
copies of this Technical Reﬁorp are available without char%)e gmd while supplies last) from the NTP
12”171,;)(1)5: Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC
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ABSTRACT

Lifetime toxicology and carcinogenesis studies of short-range (SR) and intermediate-range (IR) fiber
length chrysotile asbestos were conducted in groups of 88-250 male and female F344/N rats. Both
forms of ashestos were administered at a concentration of 1% in pelleted diet for the lifetime of the
rats, starting with the dams of the test animals. Subgroups of 100 male and 100 female IR chrysotile-
exposed rats also received 0.47 mg/g IR chrysotile asbestos in water by gavage during lactation
(preweaning [PW]). At 9 weeks of age, additional subgroups (125-175) of control and IR chrysotile-
exposed rats received 7.5 mg/kg (male) or 15 mg/kg (female) 1,2-dimethylhydrazine dihydrochloride
(DMH) by gavage every other week for a total of five doses. When the survival of either the control or
test group reached 10%, both groups were killed.

Neither type of fiber affected fertility or litter size. The offspring from mothers exposed to SR
chrysotile were similar in body weight to the controls at birth and remained so throughout their lives.
The offspring of IR chrysotile-exposed mothers were similar in weight at birth but were slightly
smaller (13%) at weaning and remained so throughout their lives, with the exception of those in the
IR/PW chrysotile group, which weighed slightly more during their lifetimes. Feed consumption and
survival were comparable among the SR and IR chrysotile asbestos groups and controls. The DMH-
exposed groups showed decreased survival due primarily to the development of lethal neoplasms.

The administration of SR chrysotile for the lifetime of exposed male and female rats did not cause any
overt toxicity. In addition, no neoplastic or nonneoplastic disease was associated with SR chrysotile
exposure.

Male and female rats exposed to IR chrysotile asbestos did not show any adverse clinical signs.
Benign epithelial neoplasms (adenomatous polyps) were observed in the large intestine of IR
chrysotile asbestos male rats (9/250, 3.6%). Although not statistically significant (P=0.08) compared
with concurrent controls (0/85), the incidence of these neoplasms was highly significant (P=0.003)
when compared with the incidence of epithelial neoplasms (benign and malignant combined) of the
large intestine in the pooled male control groups of all the NTP oral asbestos lifetime studies (3/524,
0.6%). The biologic importance of this finding was supported by the observation of lesions of similar
morphology in the small intestine or glandular stomach of four additional IR chrysotile male rats and
by a low incidence (2/100, 2.0%) of adenomatous polyps in the large intestine of male rats in the
IR/PW group.

A significant (P <0.05) increase in keratoacanthomas of the skin was observed in male IR (19/250,
7.6%) and IR/PW (8/100, 8.0%) chrysotile-exposed rats compared with the concurrent controls (1/88,
1.1%). The biologic importance of this observation was discounted because the incidence in these
groups did not greatly exceed the rate observed in the combined male control groups from all the other
NTP oral asbestos studies (19/441, 4.3%). An apparent increase in the incidence of clitoral gland
neoplasms in female IR (18/250, 7.2%) and IR/PW (4/100, 4.0%) chrysotile-exposed rats compared
with that in the concurrent controls (1/88, 1.1%) was also discounted because of a lack of statistical
significance when compared with the pooled female control groups from the other NTP oral asbestos
studies (21/441, 4.8%).

Rats exposed to DMH and DMH plus IR chrysotile ashestos exhibited neoplasia in those organs
known to be targets for DMH (gastrointestinal tract, Zymbal gland, liver, and kidney). There was a
significant difference (P <0.05) in the incidence of DMH-induced mixed-cell tumors of the kidney be-
tween the DMH alone (13/125, 10%) and DMH plus IR chrysotile asbestos (34/175, 19%) female
groups. Anincreased incidence of thyroid follicular cell tumors was observed in DMH plus IR chryso-
tile male rats (28/175, 16.0%) compared with the DMH alone group (9/124, 7.3%). The biologic impor-
tance of both observations is questionable, since neither organ represents a primary target organ for
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asbestos and no difference between DMH and DMH plus IR chrysotile was observed for the primary
target organs (intestine and mesothelium).

An audit of the experimental data was conducted for these lifetime carcinogenesis studies of
chrysotile asbestos. No data discrepancies were found that influenced the final interpretations.

Under the conditions of these lifetime studies, short-range and intermediate-range chrysotile
asbestos did not induce overt toxicity and did not affect survival when ingested at a level of 1% in the
diet by male and female F344/N rats. There was no evidence of carcinogenicity* in male or female rats
exposed to SR chrysotile asbestos or in female rats exposed to IR chrysotile asbestos. There was some
evidence of carcinogenicity in male rats exposed to IR chrysotile asbestos as indicated by an increased
incidence of adenomatous polyps in the large intestine. The cocarcinogenesis studies of 1,2-
dimethylhydrazine dihydrochloride and IR chrysotile asbestos were considered inconclusive for
determining whether IR chrysotile asbestos had either a tumor-enhancing or protective effect,
although an increased incidence of neoplasms was observed in the kidneys of female rats exposed to
DMH plus IR chrysotile as compared with those exposed to DMH alone.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
CHYRSOTILE ASBESTOS

On July 27, 1984, the draft Technical Report on the toxicology and carcinogenesis studies of
chrysotile asbestos received peer review by the National Toxicology Program Board of Scientific
Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review
meeting began at 9:00 a.m. in the Conference Center, Building 101, South Campus, National
Institute of Environmental Health Sciences, Research Triangle Park, North Carolina.

Dr. Jones, a principal reviewer, agreed with the conclusions as written. Dr. Jones agreed also with
the decision to discount the biologic significance of the increased incidences of keratoacanthomas in
males and neoplasms of the clitoral gland in females but asked that the reasons for this decision be
discussed in greater depth. He noted that prior to the meeting he had examined the slides of large
intestine sections from male rats exposed to the IR form and agreed that the adenomatous polyps were
clearly neoplastic.

Dr. Turnbull, a second principal reviewer, also agreed with the conclusions. He suggested, however,
that more details be given regarding the choice of a 1% dose and the relation of this dose to the maxi-
mum tolerated dose, if any. Dr. R. Shapiro, NIEHS, said the 1% level represented an appropriate dose
based on earlier feed studies in rats and was much greater than the estimated dose to which humans
are exposed. Dr. Turnbull asked for clarification of the use and temporal relationship of the various
control groups. Dr. E. McConnell, NTP, explained that the rats used for concurrent controls in this
study and those used for pooled control groups in the three previous NTP dosed feed studies of the
other asbestos fiber types came from the same animal source, were used in studies conducted at the
same laboratory, and were on test at approximately the same times. Dr. J. Haseman, NIEHS, said
the concurrent controls were used in the primary statistical analysis. When a possible carcinogenic
effect was observed, the additional control groups were employed to help evaluate further the biologic
significance of the effect.

A third principal reviewer, Dr. Davis, questioned the use of the pooled control data to support the
biologic importance and statistical significance of the intestinal tumors and, on the other hand, to dis-
count the importance of the keratoacanthomas in male rats and clitoral gland neoplasms in female
rats. Dr. McConnell stated that no increases in incidences of skin neoplasms have been observed in
asbestos inhalation studies sponsored by the NTP or by others in which the whole animal was
exposed. Dr. Friess said the reason for discounting needed to be highlighted nonetheless. Dr. Davis
asked if the standard paper feed bags were impermeable to the pelleted asbestos and if the pelleting
process may have altered the fiber size of the asbestos. Mr. Beliczky wondered whether there may
have been incidental inhalation exposure of the test animals. Dr. McConnell replied that a pelleted
dose form was used to minimize exposure of laboratory personnel and the amount of exposure by in-
halation. Dr. Shapiro noted that fiber size distribution for all the fiber types was examined before and
after pelleting, and few or no differences were found.

Dr. Kotelchuck observed that the apparent kidney-tumor-enhancing effect of IR asbestos in female
rats dosed with dimethylhydrazine dihydrochloride should be noted in the conclusions. Dr.
McConnell agreed. Dr. A. Berlin, Commission of the European Communities, asked if there had been
any attempt to measure asbestos at the tumor sites. Dr. McConnell replied that since this was a
lifetime exposure, the presence of fibers throughout the intestine would be expected, and further,
translocation artifacts would likely confound such an analysis.
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Dr. Jones moved that the Technical Report on the toxicology and carcinogenesis studies of chrysotile
asbestos be accepted with the modifications as discussed. Dr. Turnbull seconded the motion and the
report was approved unanimously by the Peer Review Panel.
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I. INTRODUCTION

The term “asbestos” has a commercial/industrial
derivation limited to naturally occurring fibrous
minerals of the serpentine or amphibole series.
Chrysotile is the only asbestos in the serpentine
series, whereas the amphibole series is repre-
sented by actinolite, amosite, anthophyllite,
crocidolite, and tremolite. The essential charac-
teristic of asbestos minerals is their fibrous
nature. The gross fibers, which are visible to the
naked eye, are actually bundles of much finer
fibrils that are submicroscopic in size (Bureau of
Mines, 1980).

Studies conducted during the past 25 years have
established a clear association between occupa-
tional exposure to asbestos and increased risk of
cancer. Human studies have shown that
increased tumor risk is associated with
crocidolite, chrysotile, amosite, and anthophyl-
lite exposure. Crocidolite asbestos is considered
the most “dangerous” form of asbestos in
humans because of its strong association with
mesothelioma (Craighead, 1982). Excellent
reviews of the carcinogenic and public health
effects associated with inhaled asbestos are
those by Selikoff (1980) and Selikoff and
Hammond (1979) and those published by the
U.S. Environmental Protection Agency
(USEPA, 1980), the International Agency for
Research on Cancer (IARC, 1977), and Environ-
mental Health Perspectives (EHP, 1983). Lung
cancer and mesothelioma are the neoplasms
most frequently observed in humans exposed to
asbestos. A modest increase in the incidence of
gastrointestinal tumors has been observed in
asbestos insulation workers, miners, and factory
workers. The increased incidence of gastrointes-
tinal cancer and possible peritoneal mesotheli-
oma in occupationally exposed populations may
be the consequence of direct fiber ingestion or
ingestion of inhaled fibers that were cleared
from the nasal or tracheobronchial portions of
the respiratory system by mucociliary processes.

Large portions of the population ingest
chrysotile asbestos through consumption of food
and water (Rowe, 1983). Analysis of water
samples from 359 cities found that 65% of the
samples had detectable levels of various types of
asbestos, including chrysotile (Millette et al.,
1983). The water supplies of 41 cities have had
asbestos concentrations in water which exceeded
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10 million fibers per liter, but the length of the
vast majority of fibers is under 5 pm. Asbestos
or asbestos-like fibers may enter water supplies
as a result of mining (e.g., operations at Lake
Superior). Natural serpentine or amphibole
deposits have been detected in watersheds
(Seattle, Washington, and San Francisco, Cali-
fornia); under certain conditions, the presence of
asbestos may have resulted from the use of
chrysotile asbestos-cement pipe for municipal
water supplies (USEPA, 1980). In the latter
instance, erosion of the pipe (and release of
fibers) is associated with the “aggressiveness” of
the water, a term representing a mathematical
expression of alkalinity and calcium content.
Approximately 69% of the water systems in the
United States have aggressive water that has
the potential to erode asbestos-cement pipe
(USEPA, 1980).

The health effects of ingested asbestos have been
reviewed recently (EHP, 1983). Harrington et
al. (1978) failed to detect an association between
the use of asbestos-cement pipe for municipal
water supplies and the incidence of gastrointes-
tinal cancer. Statistically significant trends for
the incidence of several cancer types, including
stomach, gallbladder, esophageal, and perito-
neal cancer, were found when census tracts were
analyzed on a gradient of low to high asbestos
content in municipal water in the San Francisco
Bay area (Cooper et al., 1979). The association
between asbestos concentration in San Francisco
Bay area drinking water and cancer was
confirmed in subsequent studies (Kanarek,
1983; Conforti, 1983). The presence of chrysotile
asbestos in the drinking water (200 X 106
fibers/liter) was not clearly associated with an
increased cancer risk in the Everett,
Washington area (Polissar et al., 1983).

Beer and wine have in the past contained
asbestos, possibly from asbestos filters used in
the preparation of these products (Cunningham
and Pontefract, 1971). According to one hypoth-
esis, the ingestion of rice treated with talc that
contains chrysotile asbestos is associated with
an increased incidence of stomach cancer in
Japan (Merliss, 1971a,b).

Studies of the migration of asbestos fibers
through the gastrointestinal mucosa have been
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confounded by asbestos contamination from
water during tissue section preparation; contam-
ination from the gut lumen, blood plasma, or
lymph fluid; or contamination from filters used
for sample preparation (Meek, 1983). Several
studies have provided evidence that ingestion of
asbestos in either food or water can result in the
migration of asbestos through the gastrointes-
tinal mucosa. Chrysotile asbestos has been
reported in the urine of humans and in the
lymph fluid and kidney cortex of rats (Patel-
Mandlik and Millette, 1983) and baboons (Patel-
Mandiik and Millette, 1980) exposed by
ingestion or gavage. The amounts of chrysotile
detected accounted for only 10~4 to 10-7 of the
amount ingested (Cook, 1983; Sebastien et al,,
1980).

Inhalation of asbestos by laboratory animals
produces lung carcinoma and mesothelioma in
the pleural cavity. Intrapleural, intratracheal,
and intraperitoneal injection of asbestos will
also produce neoplasia in several species of
laboratory animals. These studies have been
reviewed by Levine (1978).

Stanton et al. (1981) in their classic intrapleural
inoculation studies have clearly shown that the
carcinogenic potential of various types of
natural and manmade fibers are related to their
length and width and the ratio thereof (aspect
ratio). They determined that the more carcino-
genic fibers were greater than 8 pm in length
and less than 1.5 um in diameter.

Asbestos (chrysotile, amosite, and crocidolite)
has been shown to be cytotoxic in vitro to human
embryonic intestinal cells, mouse epithelial-like
colon-derived cells, and rat liver epithelial cells
(Reiss et al., 1979). Chrysotile asbestos was far
more toxic than the amphibole fibers, and the
effects were more pronounced in the intestine-
derived cells than in those from the liver.
Asbestos also was found to be cytotoxic to Syrian
hamster (Bey and Harrington, 1971) and mouse
(Wright et al.,, 1983) peritoneal macrophages
and to rabbit alveolar macrophages (Desai and
Richards, 1983).

Chrysotile asbestos was not mutagenic in
Salmonella typhimurium or Escherichia coli
(Chamberlain and Tarmy, 1977) or at the
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HGPRT locus in mammalian cells (Reiss et al,,
1982; Oshimura et al., 1984). However, Huang
et al. (1978) reported a weak but statistically
significant increase in mutation frequency at
the HGPRT locus in V79 cells if the results of
several experiments were combined. Although
chrysotile asbestos does not appear to cause gene
mutations, it has been shown to cause
chromosomal aberrations and alterations in the
number of chromosomes. Chrysotile asbestos
induced chromosomal aberrations in Chinese
hamster ovary (CHO) cells (Sincock and
Seabright, 1975, Sincock, 1977), human lympho-
cytes in vitro (Valerio et al., 1983), and Syrian
hamster embryo (SHE) cells (Oshimura et al,,
1984). However, it did not induce chromosomal
aberrations in the bone marrow of Rhesus
monkeys or Swiss mice (Lavappa et al., 1975) or
in primary human fibroblasts or human lympho-
blastoid lines (Sincock et al., 1983). Chrysotile
asbestos did not induce sister-chromatid
exchanges (SCE’s) in rat mesothelial cells
(Kaplan et al., 1980) or human fibroblasts,
human lymphoblastoid, or CHO cells (Casey,
1983); however, in another study, chrysotile did
induce SCE’s in CHO cells (Babu et al., 1981).

Polyploidy, which is the gain of one or more
entire sets of chromosomes, was associated with
chrysotile asbestos treatment of CHO cells
(Sincock and Seabright, 1975; Sincock, 1977)
and SHE cells (Oshimura et al., 1984). However,
chrysotile asbestos did not induce polyploidy in
human lymphocytes (Valerio et al., 1983) or
human fibroblasts (Sincock et al, 1983).
Chrysotile asbestos also has been shown to
induce aneuploidy, which is the gain or loss of
one or more individual chromosomes, in human
lymphocytes in vitro (Valerio et al., 1983) and in
SHE cells (Oshimura et al., 1984). In addition,
chrysotile asbestos has been shown to induce
binucleated cells (Brown et al., 1979; Jaurand et
al., 1983; Oshimura et al., 1984). Recently,
Hesterberg and Barrett (1984) and Oshimura et
al. (1984) have shown that chrysotile abestos
caused morphologic transformation of SHE cells.
In summary, chrysotile asbestos does not appear
to be a gene mutagen, but it does induce
cytogenetic alterations, including chromosomal
aberrations, polyploidy, and aneuploidy. It also
causes morphologic transformation of mamma-
lian cells in vitro.
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In 1973, the National Institute of Environ-
mental Health Sciences and the Environmental
Protection Agency cosponsored a symposium on
the possible biologic effects of ingested asbestos
(EHP, 1974). The participants at this conference
concluded that the data concerning the effects of
ingested asbestos were inadequate and that
specific research was needed.

A subcommittee of the Department of Health,
Education, and Welfare Committee to Coordi-
nate Toxicology and Related Programs subse-
quently reviewed existing data and prepared a
draft research protocol that the Committee felt
was responsive to the major public health con-
sensus. On the basis of comments received, a
revised protocol was developed for long-term
animal toxicology and carcinogenesis studies.
The forms of asbestos included chrysotile tested
in Syrian golden hamsters (NTP TR 246, in
press) and in F344/N rats (this report), amosite
in Syrian golden hamsters (NTP, 1983) and in
F344/N rats (NTP TR 279, in press), crocidolite
in F344/N rats (NTP TR 280, in press), and a
nonfibrous tremolite, which contained low levels
of asbestiform fibers, in F344/N rats (NTP TR
277, inpress). Certain studies (IR chrysotile in
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hamsters and amosite and IR ehrysotile in rats)
alse incorporated the intestinal carcinogen 1,2-
dimethylhydrazine dihydrochloride (DMH) as
part of the protocol to test the cocarcinogenic ef-
fects of asbestos. DMH is a well-known in-
testinal carcinogen in animals and produces epi-
thelial neoplasms at sites of intimate exposure
to asbestos. All studies encompassed the life-
time of the animal, including exposure of the
dam from which the test animals were derived.
A single dose level of 1% of the diet was chosen
because it represented the highest dose thought
to be reasonable from a biologic standpoint and
could be tolerated in a lifetime study.

This Technical Report presents the results of
those studies undertaken to determine the
effects of short-range (SR) or intermediate-range
(IR) chrysotile asbestos fed to male and female
F344/N rats in the diet. These studies were
conducted because of the widespread human
exposure via the oral route and the known
carcinogenic potential of inhaled asbestos in
animals and humans. In addition, the study was
designed to determine if the ingestion of IR
chrysotile asbestos modified the response to
DMH.
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF TEST
MATERIALS

Asbestos is a general term applied to certain
natural silicates when they are present in a
fibrous form. Chrysotile is a fibrous member of
the serpentine mineral group; its chemical
formula is Mg3SiaO5(OH)4. Two types of
chrysotile were selected for testing; they are
referred to as short-range (SR) and
intermediate-range (IR) chrysotile based on
relative fiber length (Table 1).

The SR chrysotile asbestos was purchased from
the Union Carbide Corporation (Niagara Falls,
New York), which referred to the material as
COF-25. The chrysotile had been mined from
the New Idria serpentine mass located in the
southern part of the Diablo Range in
southwestern San Benito and western Fresno
counties of California.

The IR asbestos was purchased from the Johns
Manville Company, which referred to the
material as Plastobest-20, This material is a
particularly clean grade of chrysotile used in the
plastics industry. The chrysotile originated in
the Jeffrey mine, Asbestos, Quebec, Canada.

Each of the two chrysotile asbestos test
materials was purchased in quantities of about
1,000 pounds. Each material was packaged in
new fiberboard drums of 25 (short-range) or 50
(intermediate-range) pounds and stored with
other forms of asbestos in a special warehouse
room at Research Triangle Park, North
Carolina. Each drum received a color marking
unique to the specific asbestos type.

The homogeneity of the samples and the
physical and chemical properties of the
materials were extensively characterized by the
Bureau of Mines, U.S, Department of the
Interior (Bureau of Mines, 1980) and by the Fine
Particle Laboratories, Illinois Institute of
Technology Research Institute, Chicago, Illinois
(IITRI, Special Report and Addendum on Project
L6085, Contract NO1-ES-5-3157). Copies of
these reports are available upon request from
the National Toxicology Program. Selected
chemical and physical properties that define
differences between the two chrysotile test
materials are given in Table 1.
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Short-range chrysotile was detected at greater
than 96% by volume; minor amounts of calcite,
brucite, tale, feldspar, quartz, and other opaques
were present. Intermediate-range chrysotile
was detected at greater than 96% by volume;
minor amounts of platy serpentine, calcite,
brucite, pyroxene, tale, magnetite, and other
opaques were also detected.

Crystalline 1,2-dimethylhydrazine dihydro-
chloride (DMH) (greater than 97% pure) was
obtained from Aldrich Chemical, Metuchen,
New Jersey, (lot no. 072967JA). Thin-layer
chromatographic analysis of a 200-pg sample did
not detect any hydrazine or 1,1-dimethyl-
hydrazine. Faint traces of methylazoxymethane
and azoxymethane were detected by high-
performance liquid chromatography (Fiala et
al,, 1976). Three percent of the impurities in
DMH were not accounted for. 1,2-Dimethyl-
hydrazine dihydrochloride was stored at 4°C.

PREPARATION OF FORMULATED DIETS
AND DOSE MIXTURES

Formulated Diets

NIH 31 open formula rodent diet, prepared by
Zeigler Brothers Inc. (Gardners, Pennsylvania),
was used. The appropriate chrysotile asbhestos at
a concentration of 1% was mixed with feed. Pilot
studies were conducted in which transmission
electron microscopy was used to assess fiber
distribution and alteration; and atomic absorp-
tion analysis for magnesium was used to assess
chrysotile concentration. From these studies, it
was determined that a homogeneous mixture of
asbestos and feed could be obtained by mixing
alternate layers of feed and asbestos in a
Patterson-Kelly® V-blender equipped with an
intensifier bar. All feed was pelleted with a
California pellet mill; the pellets were oval,
three-eighths of an inch by three-fourths of an
inch. Pelleted feed was packaged in 25-lb, color-
coded, standard paper feed bags. Each lot of
blended feed was analyzed for asbestos
concentration by atomic absorption analysis for
magnesium; the results of these analyses are
given in Appendix G. The concentration of IR
chrysotile asbestos in feed was within 10% of the
target concentration 79% (31/39) of the time.
The concentration of SR chrysotile asbestos in
feed was within 10% of the target concentration
59% (13/22) of the time.



TABLE 1, FIBER CHARACTERISTICS AND CHEMICAL-INSTRUMENTAL ANALYSES OF CHRYSOTILE

ASBESTOS (a)
Short Range Intermediate Range
Fiber Characteristics
Surface area (m?/g) (b)84.3 £ 3.9 (b)20.2 0.1
(¢)54.2 £0.9 (¢)249 £22

Density (g/cm?) 2.577 £0.022(8 2.607 £0.018(®
Measurement, transmission electron microscopy

Fiber count/gram 0.6081 x 1018 0.1291 x 1012

Median length (um) 0.66 0.82

Range of length (um) (d) 0.088-51.1 0.104.783.4

Median diameter (pm) 0.059 0.089

Range of diameter (pm) 0.019-1.87 0.019-11.5

Median fiber aspect ratio (length divided by diameter) 11,1698 8.435
Frequency distribution by length (um); optical microscopy

10 percentile 1.3 1.4

20 percentile 1.7 1.9

30 percentile 2.2 3.0

40 percentile 2.6 54

50 percentile 3.1 14,0

60 percentile 3.8 29,0

70 percentile 4.5 48.0

80 percentile 5.8 76.0

90 percentile 7.8 130.0

Chemical Instrument Analyses (expressed as weight percent)

Al,0q 0.66 1.47

Ca0 0.32 0.05

FeO Not detected Not detected

Fey03 2,02 2.93

MgO 40.62 40.26

K,0 Not detected 0.08

Si0, 39.717 39.90

Na,0 0.01 0.04

TiO, 0.03 0.04

MnO 0.07 0.06

Cry04 0.17 0.06

NiO 0.17 0.06

Cog04 0.01 Not detected

CO, 0.78 0.51

H,0- 1.54 1.17

H,0+ 12.69 12.81

Benzene extracted organics 0.026 0.011

(a) Measurements by transmission electron microscopy were performed at the Illinois Institute of Technology Research
Institute; all other analyses were performed by the Bureau of Mines (RI 8452, 1980).

(b) As measured with the Quantachrome surface area instrument on 15-30 independent samples

(¢) As measured with the Perkin-Elmer surface area instrument on 15-30 independent samples

(d) Short range comprises short fibers, with 98% <10 ym. Intermediate range consists of 65% > 10 um, with a significant
number of fibers (~14%) longer than 100 pum.
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II. MATERIALS AND METHODS

Dose Mixtures of Asbestos for Gavage
Administration

The appropriate weighed amount of IR chryso-
tile asbestos was mixed with sterile water in a
beaker with a magnetic stirrer to prepare the
dosing suspension.

Dose Mixtures of 1,2-Dimethylhydrazine
Dihydrochloride for Gavage Administration

Immediately before use, DMH was mixed with
ice-cooled 0.2 M acetate buffer (pH 5.0) in 15-ml
screw-cap, Teflon®-lined centrifuge tubes in an
ice bath. Results of colorimetric analysis of the
dose mixtures indicated that the concentration
of DMH was usually less than 80% of the target
concentration of 3.9 and 7.8 mg/ml (Appendix G,
Table G3).

LIFETIME STUDIES OF SHORT-RANGE
OR INTERMEDIATE-RANGE
CHRYSOTILE ASBESTOS

Study Design

Groups of 88-250 rats of each sex were fed
pelleted diets containing 0% or 1% chrysotile
asbestos (either SR or IR) in lifetime studies.
The mothers of those in the groups that were
administered asbestos started receiving asbestos

7-12 days before mating. Subgroups of 100 male
and 100 female rats also received 0.47 mg/g IR
chrysotile asbestos in water by gavage, 7 days
per week for 3 weeks, starting at 1 day of age.
These two groups were referred to as the
preweaning (PW) gavage groups. At 9 weeks of
age, subgroups of 125-175 rats (one control and
one IR group) received 7.5 mg/kg (male) or 15
mg/kg (female) DMH in acetate buffer (pH 5.0)
by gavage, every other week for a total of five
doses. These doses were based on a pilot study
(McConnell et al.,, 1980) which showed that
DMH at these doses produced an incidence of
approximately 15% intestinal neoplasia. When
the survival of either of the paired groups
reached 10%, both groups were killed (Table 2).

Source and Specifications of Test Animals

Parental Generation: The male and female
F344/N rats used in this study were produced
under strict barrier conditions at Charles River
Breeding Laboratories under a contract to the
Carcinogenesis Program. Breeding starts for
the foundation colony at the production facility
originated at the National Institutes of Health
Repository. Animals shipped for testing were
progeny of defined microflora-associated parents
that were transferred from isolators to barrier-
maintained rooms. The rats were shipped to the
testing laboratory and were quarantined for 4
weeks (intermediate-range studies) or 5 weeks

TABLE 2, SUMMARY OF DISTRIBUTION OF RATS IN THE LIFETIME FEED STUDIES OF
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS

No. of Animals Chrysotile DMH (mg/kg) (a)
Generation Test Group Male Female Percent mg/g Male Female
Fy control 60 120 0
IR chrysotile (b) 200 400 1.0
Fy control 88 88 0 - -
DMH 125 125 0 7.5 15.0
IR chrysotile 250 250 1.0 - -
IR chrysotile
and DMH 175 175 1.0 -- 7.5 15.0
IR chrysotile
and preweaning gavage 100 100 1.0 () 0.47

(a) 1,2-dimethylhydrazine dihydrochloride (DMH) administered by gavage

(b) Intermediate-range chrysotile asbestos
(c) Preweaning gavage with IR chrysotile
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Il. MATERIALS AND METHODS

{short-range studies) (Figure1). Thereafter, a
complete pathologic examination was performed
on eight animals of each sex to assess their
health. Males and females then were assigned
to test or control diets, according to a table of
random numbers. After 11-13 days (interme-
diate range) or 7 days (short range), the parents
of the test rats were placed in breeding cages
(one male to two females). After approximately
20 days, females were housed individually and
males were rehoused two per cage.

Filial Generation: Litters were culled to no more
than eight pups. Litters of the control and dosed
groups were assigned to the corresponding con-
trol or dosed groups such that birth dates were
equally distributed. Litters in which only one
sex was present were excluded. After weaning
at 21 days, pups from exposed or control dams
were randomly assigned to various exposed
(except the IR/PW gavage group) or control
groups according to a table of random numbers
(Table 2). Pups assigned to the IR/PW chrysotile
gavage group were administered 0.47 mg/g IR
chrysotile asbestos in sterile water by gavage
during lactation as described previously.

Animal Maintenance

F; rats were housed three per cage in poly-
carbonate cages. Control or formulated diets
and water were available ad libitum (Table 3).

Safety Precautions

The incoming air to the animal rooms was
filtered to remove particulate matter. Ten to 15
changes of room air per hour were provided.
Before initiation of the study, air samples were
collected and analyzed for baseline asbestos
concentrations. Additional samples were col-
lected approximately every 6 months for
analysis to assure personnel safety.

Other measures used for personnel protection
included the wearing of fully protective
disposable suits, gloves, boots, and bouffant caps
and the use of a dust/mist respirator mask
approved by the Occupational Safety and Health
Administration (OSHA). Personnel leaving the
animal rooms were required to dispose of their
protective clothing and to take showers. In

29

addition, physical examinations including
pulmonary function tests and chest radiographs
were conducted at the initiation of the study,
yearly thereafter, and at the end of the study.

Clinical Examinations and Pathology

Rats were observed two times per day. Body
weights by cage were recorded once per week for
the duration of the study. Mean body weights
were calculated for each group. Moribund
animals were killed, as were animals that
survived to the end of the study. A necropsy was
performed on all animals, including those found
dead unless they were excessively autolyzed or
cannibalized. Thus, the number of animals from
which particular organs or tissues were
examined microscopically varies and is not
necessarily equal to the number of animals that
were placed on study in each group. Animals
were killed when exhibiting any one of these
conditions: '

1. Palpable masses within the abdominal
cavity (exeluding retained testes)

Masses protruding from the rectum.
Rectal discharge of bright red fluid (an
indication of the presence of a bleeding
colonic or rectal neoplasm)

Large ulcerated masses in the area of the
ears or on the side of the face (Zymbal
gland tumors)

Large subcutaneous masses that were
ulcerated or infected.

Masses that interfered with breathing
and eating or that severely hampered
locomotion

Huge tissue masses

Central nervous system signs accom-
panied by weight loss (head tilt, cireling,
incoordination, ataxia, paralysis)

Severe weight loss or emaciation

. Coma or extreme weakness.

2.
3.

When the remaining number of animals of
either sex in the DMH group or the corre-
sponding IR + DMH group was reduced to 10%
of those starting the study, both groups of that
sex were killed. When survival of the control, IR
chrysotile, or IR/PW groups of either sex reached
10%, all remaining animals of that sex in those
groups were killed.
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Weeks Lifetime -
Terminal kill at

-12 -8 -4 0 +4 +9 +12 J / 10% survival

/

—

Quarantine
Period

DMH administered to two groups
Pathogen burden
examination - F;

Pups weaned

Placed in exposure groups

Pathogen burden
examination - Fgand F

F; pups born

Litters culled to 8/dam

Preweaning gavage
administered to one group

Breeding of Fg rats

Randomization of Fg into control and chrysotile groups
Start of chrysotile diet

Fg rats received 10/12/77
Pathogen burden examination

FIGURE 1. SCHEDULE OF MAJOR EVENTS IN RATS IN THE LIFETIME FEED
STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE LIFETIME FEED
STUDIES OF SHORT-RANGE AND INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS

Short-Range (SR) Studies

Intermediate-Range (IR) Studies

EXPERIMENTAL DESIGN

Size of Test Groups

Doses

Date of First Dose

Duration of Dosing

Type and Frequency of
Observation

Necropsy and Histologic
Examination

Untreated--88; SR--250 rats of
each sex

0%ori%

Fo--11/1/77, bred starting 11/8/77,
F--1/15/78 (date of weaning)

131 wk (male); 139 wk (female)

Observed 2 X d; examined
clinically 1 X wk;
weighed 1 X wk

A necropsy was performed on all
animals. Tissues examined
histologically: blood smear;
mandibular lymph node; mammary
gland; salivary glands; sternebrae,
femur, or vertebrae including
marrow; thyroid gland; parathyroids;
duodenum; ileum; jejunum; cecum;
rectum; colon (carpet rolled); liver;
prostate/testes/epididymis or
ovaries/uterus; heart; stomach;
esophagus; brain; thymus; trachea;
pancreas; spleen; kidneys; adrenal
glands; urinary bladder; pituitary
gland; spinal cord (if neurologic
signs were present); eyes (if

grossly abnormal); Zymbal gland;
lungs and mainstem bronchi; gross
lesions; regional lymph nodes

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species

Animal Source

Testing Laboratory

Time Held Before Test

Age When Placed on Study
Age When Killed

F344/N

Charles River Breeding Laboratories
(Wilmington, MA)

Hazleton Laboratories of America
Fy--5 wk

Fy--9-10 wk

F,--131 wk (male); 139 wk (female)

29

Untreated--88; IR--250; IR + PW (a)--100;
DMH (b)--125; IR + DMH--175 rats of
each sex

IR--0% or 1%; PW--0.47 mg/g;

DMH--7.5 mg/kg (male),

15 mg/kg (female)

Fo--11/9-11/11/77, bred starting 11/22/77;
F|--1/12/78 (date of weaning)

IR--136 wk (male), 139 wk (female)
DMH--125 wk (male), 112 wk (female)

Same as SR studies

Same as SR studies

F344/N

Same as SR studies

Same as SR studies

Fo--4 wk

Fo--8-9 wk

Fi--IRand IR + PW--136 wk (male),

139 wk (female); DMH--125 wk (male),
112 wk (female)
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE LIFETIME FEED
STUDIES OF SHORT-RANGE AND INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (Continued)

Short-Range Studies Intermediate-Range Studies
ANIMALS AND ANIMAL MAINTENANCE (Continued)
Necropsy Dates Lifetime study Lifetime study
Method of Animal Computer-generated random number Same as SR studies
Distribution tables

Feed NIH 31 autoclavable pellets (Zeigler Same 23 SR studies

Bros., Inc., Gardners, PA);

available ad libitum
Bedding Sani Chips® (J. P. Murphy, Same as SR studies

Rochelle Park, NJ, and Shurfire,

Baltimore, MD)
Water Tap water ad libitum Same as SR studies
Cages Polycarbonate (Hazleton Syste Same as SR studies

Aberdeen, MD) .
Cage Filters Remay nonwoven polyester sheets Same as SR studies

{Nationwide Papers, Washington, DC)
Animals per Cage Fg--1 male, 2 females during Same as SR studies

breeding, 2 males, 1 female after

' breeding; F,--3
Other Chemicals on Test None None (control and dosed animals
in the Same Room housed in separate rooms)
Animal Room Environment Temp--23°C £ 2°C; Same as SR studies
: hum--50% * 10%;

fluorescent light 12 hd

10-15 room air changesth
CHEMISTRY
Lot Numbers Used N/A IR--N/A; DMH--07296TJA
Supplier Union Carbide (Niagara Falls, NY); Johns Manville;

obtained from serpentine mass in obtained from Jeffrey Mine,

the southern Diablo range, CA Asbestos, Quebec, Canada
CHEMICAL/VEHICLE
Preparation 20 Ib asbestos/ton of feed mixed IR--same as SR studies

in a Patterson-Kelly® V-blender with DMH--mixed with ice-cooled 0.2 M

intensifier bar; pellets prepared with acetate buffer, pH 5.0;

a California model CL-3 pellet mill PW--gavage solution mixed with

sterile water on a magnetic stirrer
Maximum Storage Time N/A IR--N/A;
DMH--used on the day of preparation

Stormc«udiﬂm N/A IR--N/A;

DMH--kept on ice during use

{a) PW--preweaning gavage

{b) DMH--1,2-dimethylhydrazine dihydrochloride

Chrysotile Asbestos, NTP TR 295
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II. MATERIALS AND METHODS

The gastrointestinal tract, chosen as one of the
target organs before these studies began, was
handled in a slightly different manner than in
standard long-term rodent studies. Before being
placed in fixative, the entire esophagus was
opened and pinned with the exterior surface
adjacent to cardboard. The stomach and cecum
were prepared similarly. Two-centimeter
lengths of duodenum and ileum and two portions
of jejunum were placed unopened in fixative.
The remaining small intestine was opened,
washed gently with saline, and carefully
examined by transillumination on a radiograph
viewing box. Suspected lesions were processed
separately and identified individually as to
location. Likewise, the entire colon with anus
was opened, examined, and pinned to cardboard
before fixation. The size and location of masses
were recorded. Masses greater than 1 mm in
diameter were removed as separate specimens
for processing. After fixation and before embed-
ding, the colon was “carpet-rolled” starting at
the posterior end, with the mucosal surface
inward.

Examinations for grossly visible lesions were
performed on major tissues or organs. Tissues
were preserved in 10% neutral buffered
formalin, embedded in paraffin, sectioned, and
stained with hematoxylin and eosin. Tissues
examined microscopically are listed in Table 3.

When the pathology examination was
completed, the slides, individual animal data
records, and summary tables were sent to an
independent quality assurance laboratory.
Individual animal records and tables were
compared for accuracy, slides and tissue counts
were verified, and histotechnique was evalu-
ated. All tumor diagnoses, all target tissues,
and all tissues from a randomly selected 10% of
the animals were evaluated by a quality
assurance pathologist. Slides of all target tis-
sues and those about which the original and
quality assurance pathologists disagreed were
submitted to the Chairperson of the Pathology
Working Group (PWGQG) for evaluation. Repre-
sentative coded slides selected by the Chair-
person were reviewed by PWG pathologists, who
reached a consensus and compared their
findings with the original and quality assurance
diagnoses. When diagnostic differences were
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found, the PWG sent the appropriate slides and
comments to the original pathologist for review.
This procedure has been described, in part, by
Maronpot and Boorman (1982) and Boorman et
al. (1985). The final diagnoses represent a
consensus of contractor pathologists and the
NTP Pathology Working Group.

Statistical Methods

Data Recording: Data on this experiment were
recorded in the Carcinogenesis Bioassay Data
System (Linhart et al., 1974). The data elements
include descriptive information on the
chemicals, animals, experimental design,
survival, body weight, and individual pathologic
results, as recommended by the International
Union Against Cancer (Berenblum, 1969).

Survival Analyses: The probability of survival
was estimated by the product-limit procedure of
Kaplan and Meier (1958) and is presented in the
form of graphs. Animals were censored from the
survival analyses at the time they were found
dead of other than natural causes or were found
to be missing; animals dying from natural
causes were not censored. Statistical analyses
for a possible dose-related effect on survival used
the method of Cox (1972). All reported P values
for the survival analysis are two-sided.

Calculation of Incidence: The incidence of
neoplastic or nonneoplastic lesions has been
given as the ratio of the number of animals
bearing such lesions at a specific anatomic site
to the number of animals in which that site was
examined. In most instances, the denominators
include only those animals for which the site
was examined histologically. However, when
macroscopic examination was required to detect
lesions (e.g., skin or mammary tumors) prior to
histologic sampling, or when lesions could have
appeared at multiple sites (e.g., lymphomas), the
denominators consist of the number of animals
on which a necropsy was performed.

Analysis of Tumor Incidence: Three statistical
methods are used to analyze tumor incidence
data. The two that adjust for intercurrent
mortality employ the classical method for
combining contingency tables developed by
Mantel and Haenszel (1959). Tests ' of
significance included pairwise comparisons of
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II. MATERIALS AND METHODS

dosed groups with untreated controls and with
each other,

For studies in which compound administration
has little effect on survival, the results of the
three alternative analyses will generally be
similar. When differing results are obtained by
the three methods, the final interpretation of the
data will depend on the extent to which the
tumor under consideration is regarded as being
the cause of death. All reported P values for
tumor analyses are one-sided.

Life Table Analyses--The first method of
analysis assumed that all tumors of a given type
observed in animals dying before the end of the
study were “fatal”; i.e., they either directly or
indirectly caused the death of the animal.
According to this approach, the proportions of
tumor-bearing animals in the various groups
were compared at each point in time at which an
animal died with a tumor of interest. The
denominators of these proportions were the total
number of animals at risk in each group. These
results, including the data from animals killed
at the end of the study, were then combined by
the Mantel-Haenszel method to obtain an
overall P value. This method of adjusting for
intercurrent mortality is the life table method of
Cox (1972).

Incidental Tumor Analyses--The second method
of analysis assumed that all tumors of a given

Chrysotile Asbestos, NTP TR 295
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type observed in animals that died before the
end of the study were “incidental”; i.e., they
were merely observed at necropsy in animals
dying of an unrelated cause. According to this
approach, the proportions of tumor-bearing
animals in dosed and control groups were
compared in each of five time intervals; DMH
studies (including controls)--0-52 weeks, 53-78
weeks, 79-104 weeks, week 105 to the week
before the terminal kill period, and the terminal
kill period; IR chrysotile (including controls)
without DMH and SR chrysotile studies--0-80
weeks, 61-88 weeks, 87-112 weeks, 113-126
weeks, and week 127 to the end of the studies.
The denominators of these proportions were the
number of animals on which a necropsy was
actually performed during the time interval
The individual time interval comparisons were
then combined by the previously described
method to obtain a single overall result. (See
Haseman, 1984, for the computational details of
both methods.)

Unadjusted Analyses--Primarily, survival-ad-
justed methods are used to evaluate tumor inci-
dence. In addition, the results of the Fisher's
exact test for pairwise comparisons (Gart et al.,
1979) are given in the appendix containing the
analyses of primary tumor incidence. This test
is based on the overall proportion of tumor-
bearing animals and does not adjust for survival
differences.
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III. RESULTS

LIFETIME STUDIES OF SHORT-RANGE
OR INTERMEDIATE-RANGE
CHRYSOTILE ASBESTOS

Establishment of Test Groups

The experiment was designed to evaluate the
effects of ingested chrysotile asbestos during the
entire life of the animal. When the first litters
were born, therefore, the mated female rats had
been on test diets for approximately 4 weeks. To
minimize the chance that the mothers would
reject or cannibalize their young, the litters were
not handled during lactation except for weighing
and culling at birth, and the animals were
administered IR chrysotile by preweaning
gavage. Litter size and survival of offspring
were unaffected by the presence of SR or IR
chrysotile asbestos in the mothers’ diet. The
average number of live fetuses born to SR
chrysotile-exposed dams was 7.7 versus 7.6 for
the control groups; the average number born to
IR chrysotile-exposed dams was 7.5 versus 7.6
for the control group. The average weight at
birth of the SR chrysotile-exposed pups was 5.2 g
versus 5.1 g for the controls, and average weight
of the IR-exposed groups was 5.3 versus 5.0 for
the controls. Fetal weights were determined by
dividing the weight of each litter by the number
of live pups. The SR chrysotile-exposed offspring
were slightly larger (8%) at weaning, 29.1 g
versus 26.7 g for the controls, whereas the IR
chrysotile offspring were slightly smaller (13%)
at weaning (23.3 g vs 26.8 g).

A summary of groups, number of animals, diets
for the parental (Fg) animals, as well as the
distribution of and diets for the filial (F,)
animals is presented in Table 2.

Body Weights and Feed Consumption

Short Range Groups: Mean body weights of
dosed and control rats were comparable
throughout the studies (Table 4 and Figure 2).
The average daily feed consumption per rat by
SR rats was 100% that of the controls for males
and females (Appendix H, Tables H1 and H2).

Intermediate-Range and Preweaning Groups:

The mean body weight of the male IR/PW group
was approximately 5% greater than that of the
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controls and 14% greater than that of the IR
group at week 7, for females the mean body
weight of the IR/PW group was approximately
4% lower than that of controls and 5% greater
than that of the IR group (Table 5 and Figure 3).
The mean body weights of the males and females
in the IR/PW groups were greater than those of
the IR groups throughout most of the studies;
the mean body weights of the IR groups were 8%
lower than those of the controls at week 7 and
remained lower throughout most of the studies.
Average daily feed consumption by IR rats was
100% that of the controls for males and females.
Average daily feed consumption by IR/PW rats
was 102% that of controls for males and 100% for
females (Appendix H, Tables H3 and H4).

1,2-Dimethylhydrazine Dihydrochloride With
and Without Intermediate-Range Chrysotile
Asbestos: The mean body weights of the controls
and of the groups that received DMH without IR
chrysotile asbestos were comparable throughout
most of the studies (Table 5 and Figure 3). The
mean body weights of groups that received DMH
and IR chrysotile asbestos, especially female
rats, were lower than those of groups that
received DMH without IR chrysotile asbestos.
Average daily feed consumption by male rats
that received DMH with and without IR
chrysotile ashestos was 100% that of controls.
Average daily feed consumption by female rats
was 100% that of the controls for those that
received DMH without IR chrysotile asbestos
and 92% that of the controls for those that
received DMH with IR chrysotile asbestos.

Pathogen Burden

Short-Range:  All lung sections of the Fy
animals evaluated for pathogen burden revealed
evidence of mild respiratory disease (Appendix
I). In some rats, small foci of mononuclear cells
were present adjacent to the bronchial tissue
and in other rats, small cuffs of lymphoid cells
were evident, particularly at the bifurcation of
the bronchi. These lesions were very mild.

In the lungs of all F rats examined, evidence of
early respiratory disease was again present. In
one male rat of Group 1 (basal control) and one
male rat of Group 2 (SR chrysotile), only small
foci of mononuclear cells were present adjacent



TABLE 4. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE LIFETIME FEED STUDIES
OF SHORT-RANGE CHRYSOTILE ASBESTOS

Weeks Control One Percent
on Study Av.Wt. No.of Av. Wt. Wt. (percent No. of
(from birth) (grams) Survivors (grams) of controls) Survivors
MALE

6 129 88 130 101 250

7 152 88 156 103 250

8 175 88 182 104 250

9 200 88 205 103 250
10 222 88 224 101 250
11 236 88 240 102 250
12 260 88 254 102 250
13 262 88 267 102 250
14 271 88 275 101 250
15 280 88 285 102 250
16 283 88 290 102 250
17 295 88 291 99 250
18 301 88 299 99 250
19 310 88 308 99 250
20 314 88 316 101 250
30 366 88 356 97 250
40 394 88 396 101 250
50 423 85 424 100 250
60 430 85 429 100 249
70 452 84 451 100 248
80 467 81 462 99 246
80 470 78 470 100 237
100 461 71 456 99 218
110 444 60 430 97 180
120 430 51 411 96 131
130 376 24 383 102 73

FEMALE

6 109 88 114 105 250

7 124 88 129 104 250

8 135 88 139 103 250

9 143 88 149 104 250
10 153 88 156 102 250
11 157 88 162 103 250
12 163 88 168 103 250
13 167 88 172 103 250
14 170 88 175 103 250
15 175 88 180 103 250
16 174 88 180 103 250
17 181 88 180 99 250
18 182 88 181 99 250
19 187 88 185 99 250
20 188 88 189 101 250
30 206 88 204 99 250
40 220 88 223 101 249
50 247 88 244 99 248
60 262 88 269 103 246
70 290 88 291 100 246
80 311 87 316 102 240
90 326 84 331 102 233
100 332 73 328 99 209
110 324 63 308 95 182
120 326 44 312 96 132
130 303 26 291 96 85
140 293 15 279 95 33
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TABLE 5. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE LIFETIME FEED STUDIES OF
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS

Weeks ] MH I R + DMH 1R/PW
on V. 0. 0 V. of No.o v, of No.o v. of No.o v. of No. o
Study (grams) Survi- (grams) controls) Survi- (grams) controls) Survi- (grams) controis) Su rvi- (grams) controls) Survi-
grom vors vors vors vors vors
frth)
MALE
7 115 88 111 97 125 106 250 101 175 121 105 100
8 134 88 131 98 125 138 101 250 134 100 175 148 110 100
9 159 88 150 94 125 160 101 250 154 175 166 104 100
10 183 88 177 97 125 180 98 250 181 99 175 195 107 100
11 203 88 199 98 125 197 97 250 197 97 175 221 109 100
12 218 88 21 99 125 216 99 250 214 98 175 234 107 100
13 231 88 226 98 125 227 98 250 221 96 176 245 106 100
14 246 88 245 100 126 95 250 233 95 175 254 103 100
15 256 88 252 125 245 250 242 95 175 268 104 100
16 258 88 259 100 125 100 250 253 98 176 276 107 100
17 267 88 262 125 267 100 250 281 98 176 286 107 100
18 278 88 274 99 125 276 250 270 97 175 295 106
19 285 88 282 99 125 281 99 250 277 97 175 303 108 99
20 294 88 294 100 125 290 250 281 96 175 312 108 99
21 293 88 290 2 292 100 250 288 98 175 319 109 99
31 344 88 340 99 124 333 248 332 97 115 365 103 99
41 393 88 390 124 371 94 248 370 94 175 400 102 97
51 402 83 416 103 122 396 248 390 97 173 419 104 95
61 417 88 421 101 121 401 98 248 402 96 169 417 100 94
71 443 87 446 101 117 424 244 423 95 164 441 100 94
81 460 86 452 98 112 433 94 238 426 93 159 458 100 91
91 463 32 462 100 96 432 93 227 437 94 126 462 100 87
101 452 7 461 102 72 423 94 208 421 93 96 447 84
111 446 87 447 100 5 415 93 183 407 91 74 426 96 18
121 423 43 410 37 393 93 128 387 91 48 406 96 55
131 394 28 314 95 19 369 91 85 362 92 20 373 28
141 352 9 - - .- 327 93 35 - .- .- 354 101 16
FEMALE
17 106 38 102 96 125 97 92 250 93 88 175 102 96 100
8 119 88 115 97 125 114 96 250 110 92 175 116 97 100
9 131 88 126 96 125 126 96 250 120 92 175 130 99 100
10 141 88 137 125 134 95 250 133 94 175 140 99 100
11 144 88 145 101 125 143 250 137 95 1756 151 105 100
12 154 88 152 125 149 97 250 144 94 176 155 101 100
13 158 88 152 96 125 151 96 250 144 91 175 15 101 100
14 165 88 161 98 125 154 93 250 151 92 175 164 100
1 166 88 160 96 125 157 95 250 153 92 176 168 101 100
16 167 88 162 97 125 162 97 250 160 96 176 173 104 100
17 189 88 164 97 125 166 98 250 162 96 175 175 104 100
18 173 88 168 97 125 169 98 250 166 96 174 180 104 100
19 175 a8 173 99 126 171 98 250 170 97 174 182 104 100
20 180 88 179 99 125 175 97 250 170 94 174 184 102 100
21 178 88 174 98 126 175 98 250 173 97 174 189 106 100
31 196 88 196 100 125 190 97 249 190 97 173 201 103 9
4] 219 88 217 124 207 95 248 204 93 172 223 102 99
51 235 88 239 102 121 224 95 247 224 95 170 241 103 99
61 259 88 261 101 119 251 247 247 95 166 257 98
T 280 88 286 102 111 97 244 267 95 153 277 97
81 303 86 303 100 104 291 240 0 92 137 303 100 94
91 323 81 316 98 T4 302 93 229 293 91 110 313 97 87
101 330 16 325 98 48 303 92 207 204 89 n 320 97 82
111 329 63 314 96 28 303 92 179 284 86 315 96 73
121 324 - -- .- 300 93 132 -- - 315 97 56
131 308 27 -~ -- - 268 87 91 -- - -- 301 98 31
141 286 13 - 2 .- 255 89 41 .- - - 287 100 16
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III. RESULTS

to the bronchioles. In the remaining rats, mini-
mal-to-slight peribronchial lymphoid hyperpla-
sia was present.

Intermediate Range: The tissues of the Fg ani-
mals evaluated for pathogen burden revealed
evidence of early respiratory disease present in
nearly all animals (Appendix J). This consisted
of minimal-to-moderate peribronchial lymphoid
hyperplasia in six males and seven females, a
few focal accumulations of mononuclear cells in
two males, focal accumulations of alveolar mac-
rophages in one female, and minimal perivascu-
lar lymphoid hyperplasia in another female. In
nearly all the F; animals examined, evidence of
early respiratory disease, consisting of minimal-
to-slight peribronchial lymphoid hyperplasia,
was present. No serologic evidence of Sendai
virus was present in either Fg or F; animals.

Clinical Signs

Short Range: A summary of clinical signs
observed before moribund kill is presented in
Appendix K. Specific clinical signs occurred at
essentially comparable frequencies in the
control group and the dosed group throughout
the studies. No distinct compound-related signs
were noted in any of the dosed animals during
the first 52 weeks on study. The following repre-
sentative findings were observed at generally
comparable frequencies among all groups: soft
feces; urine stains; pale, thin and/or hunched
appearance; depression; localized alopecia or
sores on head or body; rough haircoats; abnor-
mal eyes (pale, cloudy, bloody crust, red,
lacrimation, squinting, enlarged, sores, swollen,
red discharge, protruding, small and/or necrot-
ic); head tilt; salivation; localized swellings;
stains on fur; bloated appearance; necrotic or
abscessed tail; discharge from anus or vagina,
protruding penis or vagina; small or enlarged
testes; wheezing; wasting feed or decreased feed
consumption; and labored respiration and/or ab-
normal central nervous system responses (cire-
ling, hyperactivity, loss of equilibrium, tremors,
isolated occurrences of paralysis and/or ataxia).

As the study proceeded, the incidence of clinical
signs increased among all the groups. At inter-
vals in which a large number of animals were
killed in a moribund condition in any one
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particular group, the clinical signs most fre-
quently observed were supportive of the condi-
tions for moribund kills previously outlined in
the Materials and Methods section,

Intermediate Range: Specific clinical signs
occurred at essentially comparable frequencies
in the control group and the DMH group
throughout the studies. No distinct compound-
related signs were noted in any of the dosed
animals during the first 52 weeks on study. The
following representative findings were observed
at generally comparable frequencies among all
groups: soft feces; urine stains; pale, thin, and/or
hunched appearance; depression; localized alo-
pecia or sores on head or body; rough haircoats;
abnormal eyes (pale, cloudy, bloody crust, red,
lacrimation, squinting, enlarged, sores, swollen,
red discharge, protruding, small and/or necrot-
ic); head tilt; salivation; localized swellings;
stains on fur; bloated appearance; necrotic or
abscessed tail; discharge from anus or vagina;
small or enlarged testes; wheezing; wasting feed
or decreased feed consumption;, and labored
respiration and/or abnormal central nervous
system responses (circling, hyperactivity, loss of
equilibrium, tremors, isolated occurences of
paralysis and/or ataxia). A summary of clinical
signs observed before moribund kills is
presented in Appendix L.

As the study proceeded, the incidences of clinical
signs increased among all the groups. At inter-
vals in which a large number of animals were
killed in a moribund condition in any one partic-
ular group, the clinical signs most frequently
observed were supportive of the conditions for
moribund kills previously outlined in the Mate-
rials and Methods section. A comparison of clin-
ical signs observed during the same selected
intervals between all the groups revealed a
larger number of palpable abdominal masses,
tissue masses, and red discharge and protruding
masses from the rectum in the DMH group and
the IR plus DMH group. In addition, the inci-
dence of tissue masses, nodules, and wart-like
lesions of the head and ear region was greater in
the DMH group and the IR plus DMH group
throughout the studies. These findings were not
clinically observed with any frequency in any
group administered only IR chrysotile and thus
are presumed to be due to administration of 1,2-
dimethylhydrazine dihydrochloride.

Chrysotile Asbestos, NTP TR 295
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Survival Additional survival data are summarized in
Tables 6 through 10.

Estimates of the probabilities of the survival of

male and female rats fed diets containing chrys-

otile asbestos at the concentrations used in these Short Range: Survival of rats exposed to SR was

studies and those of the controls are shown in similar to that of the controls throughout the

the Kaplan and Meier curves in Figures 4 and 5. studies (Tables 6 and 7).

TABLE 6. SURVIVAL OF RATS IN THE LIFETIME FEED STUDIES OF SHORT-RANGE CHRYSOTILE

ASBESTOS

Untreated Control SR (a)
MALE (b)
Animals initially in study 88 250
Nonaccidental deaths before termination (c) 76 224
Accidentally killed 3 0
Killed at termination 9 26
Survival Pvalues (d) 0.676
FEMALE (b)
Animals initially in study 88 250
Nonaccidental deaths before termination (¢) 79 225
Killed at termination 9 25
Survival P values (d) 0.978

(a) Administered 1% short-range (SR) chrysotile asbestos in the diet
(b) Terminal kill period: male--week 137; female--week 145

(c) Includes animals killed in a moribund condition

(d) The result of the life table pairwise comparison with the controls

TABLE 7. SURVIVAL OF RATS IN THE LIFETIME FEED STUDIES OF SHORT-RANGE CHRYSOTILE
ASBESTOS AT VARIOUS TIME POINTS

Male Female
No. Alive/ Percent No. Alive/ Percent
Group Agein Weeks Total No. Survival Total No. Survival
Control 100 71/88 81 73/88 83
110 60/88 68 63/88 72
120 51/88 58 44/88 50
130 24/88 27 26/88 30
SR 100 213/250 85 209/250 84
110 180/250 72 182/250 73
120 131/250 52 132/250 53
130 73/250 29 85/250 34

Chrysotile Asbestos, NTP TR 295 40
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III. RESULTS

considerably lower than that of the untreated
controls. However, survival of the IR plus DMH
group was comparable to that of the DMH alone
group (Table 9).

Intermediate Range: Survival of untreated
controls was similar to that of dosed IR groups
throughout the studies (Table 8). The survival
of both groups of DMH-exposed rats was

TABLE 8. SURVIVAL OF RATS IN THE LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE
CHRYSOTILE ASBESTOS

Untreated IR vs
Control IR (a) IR/PW IR/PW
MALE (b)
Animals initially in study 88 250 100
Nonaccidental deaths before termination (¢) 81 220 89
Accidentally killed 0 1 0
Killed at termination 7 29 11
Survival P values (d) 0.590 0.885 0.750
FEMALE (b)
Animals initially in study 88 250 100
Nonaccidental deaths before termination (¢) 79 225 91
Killed at termination 9 25 9
Survival P values (d) 0.793 0.982 0.713

(a) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet

(b) Terminal kill period: male--week 144; female--week 146

(c) Includes animals killed in a moribund condition

(d) The results of the life table pairwise comparisons with the controls are in the dosed columns. The third value is the
pairwise comparison between the dosed groups.

TABLE 9. SURVIVAL OF RATS IN THE LIFETIME STUDIES OF 1,2.DIMETHYLHYDRAZINE DIHYDRO-
CHLORIDE WITH AND WITHOUT INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS IN THE FEED

Untreated IR + DMH vs
Control DMH (a) DMH (b) IR + DMH
MALE (¢)
Animals initially in study 88 125 175
Nonaccidental deaths before termination (d) 81 107 159
Killed at termination 7 18 14
Died during termination period 0 0 2
Survival P values (e) < 0.001 < 0.001 0.348
FEMALE (c¢)
Animals initially in study 88 125 175
Nonaccidental deaths before termination (d) 79 109 148
Killed at termination 9 16 26
Died during termination period 0 0 1
Survival P values (e) < 0.001 < 0.001 0.558

(a) Administered 1,2-dimethylhydrazine dihydrochloride (DMH) by gavage
(b) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet and DMH by gavage
(c) Terminal kill period: male--control, week 144; DMH, week 129; IR plus DMH, week 132; female--control, week 146;

DMH, week 116; IR plus DMH, week 119

(d) Includes animals killed in a moribund condition
(e) The results of the life table pairwise comparisons with the controls are in the dosed columns. The third value is the
pairwise comparison between the dosed groups.

Chrysotile Asbestos, NTP TR 295
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TABLE 10. SURVIVAL OF RATS IN THE LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE
CHRYSOTILE ASBESTOS AT VARIOUS TIME POINTS

Male Female
No. Alive/ Percent No. Alive/ Percent
Group Agein Weeks Total No, Survival Total No. Survival
Control 111 67/88 76 63/88 72
121 . 43/88 49 49/88 56
131 28/88 32 27/88 31
141 9/88 10 13/88 18
DMH 111 55/125 44 28/125 22
121 37/128 30 - -
131 19/125 15
141 - -
IR 111 183/250 73 179/250 72
121 128/250 51 132/250 53
131 85/250 34 91/250 36
141 35/250 14 41/250 16
IR +DMH 111 T4/175 42 44/175 25
121 48/175 27 - -
131 20/175 11
141 - -
IR/PW 111 78/100 78 73/100 73
121 55/100 55 56/100 56
13t 28/100 28 31/100 31
141 16/100 16 15/100 15

Pathology and Statistical
Results

Analyses of

This section describes the significant or
noteworthy changes in the incidences of rats
with neoplastic or nonneoplastic lesions.
Histopathologic findings on neoplasms in rats
are summarized in Appendix A (Tables Al and
A2) (short range) and Appendix B (Tables Bl
and B2) (intermediate range); Appendix A
(Tables A3 and A4) and Appendix B (Tables B3
and B4) give the survival and tumor status for
individual male and female rats. Findings on
nonneoplastic lesions are summarized in
Appendix C (Tables C1 and C2) (short range)
and Appendix D (Tables D1 and D2)
(intermediate range). Appendix E (Tables E1-
EB) contain the statistical analyses of those
primary tumors that occurred with an incidence
of at least 5% in one of the three groups. The
statistical analyses used are discussed in
Chapter II (Statistical Methods) and Appendix E
(footnotes).

Chrysotile Asbestos, NTP TR 295

Classification of Observed Gastrointestinal Tract
Neoplasms

The gastrointestinal tract was examined in
detail as described in the Materials and Methods
section. Neoplasms were classed as to morpho-
logic type by the following criteria (Pozharisski,
1975):

Stomach: Squamous cell papillomas occurred
in the forestomach (nonglandular) as exophytic
growths of epithelium resting on a proliferative
connective tissue stalk. Squamous cell carcino-
mas were characterized by proliferating small
basophilic squamous cells that were invading
into the lamina propria and occasionally formed
keratin pearls,

Intestinal tract neoplasms: The induced primary
epithelial neoplasms were separated into three
major types, based on morphology and biologic
behavior: adenomatous polyps, adenocarcinoma
arising in an adenomatous polyp, and carcino-
mata.
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Adenomatous polyps--The adenomatous polyps
were exophytic lesions of the mucosa supported
on a pedicle of fibrous tissue and/or elevated sub-
mucosa which appeared to extend up into the
growth, The epithelial cells were usually deeply
basophilic and hypertrophic and formed glands
of varying sizes. Surface necrosis of these lesions
was common and often was accompanied by an
inflammatory response. Invasion of the pedicle
was not observed. These polyps often occurred
as multiple neoplasms in the large intestine.

Adenocarcinoma arising in an adenomatous
polyp--These neoplasms were exophytic lesions
of the mucosa composed of proliferating deeply
basophilic hypertrophic epithelial cells similar
to those previously mentioned. In addition, they
often showed disorganization, loss of relation-
ship to the basement membrane, and abnormal
mitoses. Local invasion of the pedicle was a
consistent finding; however, metastases were
rarely observed.

Carcinomata--This classification includes signet
ring cell carcinoma, adenocarcinoma, mucinous
cystadenocarcinoma, and carcinoma. Biological-
ly, all were similar and were usually charac-
terized by transmural growth that penetrated
the muscular tunics and serosa and spread
throughout the coelomic cavity inducing a
severe desmoplastic response. Metastasis to
regional lymph nodes was common; metastasis
to the lung and mediastinum occurred to a lesser
extent, Grossly, in advanced cases, the loops of
intestines were fused into an inseparable mass
of tumor and desmoplastic tissue. Classification
was based on the most prominent feature at the
primary site. Signet ring cell carcinomas were
composed of masses of signet ring cells. Muci-
nous cystadenocarcinomas were characterized
by the formation of multiple large ectatic glands
or spaces that were filled with mucus and cellu-
lar debris. Adenocarcinomas consisted of clus-
ters of cells and/or glands in pools of mucus or
sequestered in desmoplastic tissue. The carcino-
mas were anaplastic neoplasms lacking acinar
formations. In some cases, there was an overlap
of cell types in the same tumor, suggesting that
the above morphologic types probably have the
same histogenesis.
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Short-Range Groups

At no site was the incidence of neoplasms in
dosed groups significantly greater than that in
the control groups. The incidences of neoplastic
and nonneoplastic lesions of the alimentary
tract are shown in Tables 11 and 12.

Decreased Incidence of Primary Neoplasms: A
decreased incidence of neoplasms in male SR
chrysotile groups occurred in the following
organs: liver (neoplastic nodules/carcinomas
combined)--15/88, 17% (control) versus 19/248,
8% (SR chrysotile) and parathyroid gland
(adenomas)--6/83, 7% (control) versus 4/229, 2%
(SR chrysotile).

Intermediate-Range and Preweaning Gavage
Groups

Alimentary Tract: The incidences of epithelial
neoplasms of the alimentary tract are summar-
ized in Table 13 by site and morphologic type.
Only the incidence of adenomatous polyp of the
large intestine (dosed, 9/250 (4%) versus control,
0/85) in male rats is possibly compound related.

There were also two polyps in the descending
colon in the male IR/PW chrysotile group. All of
these polyps were grossly visible at necropsy. If
epithelial neoplasms of similar morphology from
the small intestine and glandular stomach are
also counted, the incidence is 14/250, 8% (IR
chrysotile) versus 0/88 (control) and 2/100, 2%
(IR/PW chrysotile). There were also 3/250 ani-
mals with neoplasms of squamous cell origin
(squamous cell papilloma, keratoacanthoma,
and squamous cell carcinoma) in the oral cavity
in the male IR chrysotile group and none in the
controls. No increase in epithelial neoplasms
was observed in IR chrysotile-exposed female
rats.

No nonneoplastic lesions were associated with
the administration of IR chrysotile asbestos
(Table 14).

Chrysotile Asbestos, NTP TR 295



TABLE 11. ALIMENTARY TRACT TUMORS IN RATS IN THE LIFETIME FEED STUDIES OF
SHORT-RANGE (SR) CHRYSOTILE ASBESTOS

Control SR Control SR
Hard palate (No. examined) 88 250 88 250
Squamous cell papilloms 0 1(<1%) 0 0
Oral mucous membrane (No. examined) 88 250 88 250
Squamous cell carcinoma 0 0 0 1(<1%)
Tongue (No. examined) 88 250 88 250
Squamous cell papilloma 0 0 0 1(<1%)
Squamous cell carcinoma 0 0 0 1(<1%)
Stomach (No. examined) 88 248 87 245
Squamous cell papilloma 0 1(<1%) 0 0
Squamous cell carcinoma 0 1(<1%) 0 1(<1%)
Sarcoma 0 1(<1%) 0 0
Forestomach (No. examined) 88 248 87 245
Squamous cell papilloma 1(1%) 0 0 0
Gastric fundus (No. examined) 88 248 87 245
Carcinoma-in-situ 0 1({<1%) 0 0
Duodenum (No. examined) 88 248 87 244
Adenomatous polyp 0 1(<1%) 0 0
Leiomyosarcoma 0 0 0 2(1%)
Jejunum (No. examined) 88 248 87 244
Mucinous cystadenocarcinoma 1(1%) 0 0 1(<1%)
Adenocarcinoma in adenomatous polyp 0 0 0 1(<1%)
Leiomyoma 0 0 0 1(<1%)
Ileum (No. examined) 88 248 87 244
Leiomyosarcoma 0 0 1(1%) 0
Total small intestine (No. examined) 88 248 87 244
Adenomatous polyp 0 1{(<1%) 0 0
Mucinous cystadenocarcinoma 1(1%) 0 0 1(<1%)
Adenocarcinoma in adenomatous polyp 0 0 0 1(<1%)
Leiomyoma 0 0 0 1(<1%)
Leiomyosarcoma 0 0 1(1%) 2 (1%)
Cecum (No. examined) 87 248 87 244
Lipoma 0 1(<1%) 0 0
Leiomyosarcoma 0 1(<1%) 0 0
Adenomatous polyp 0 0 1(1%) 0
Colon (No. examined) 87 248 87 244
Adenomatous polyp 0 1(<1%) 0 0
Leiomyosarcoma 0 1(<1%) 0 0
Transverse colon (No. examined) 87 248 87 244
Leiomyosarcoma 1(1%) 0 0 0
Adenomatous polyp 0 0 0 1(<1%)
Descending colon (No. examined) 87 248 87 244
Adenomatous polyp 0 0 0 2(1%)
Leiomyosarcoma 0 0 0 1(<1%)
Total large intestine (No. examined) 87 248 87 244
Adenomatous polyp 0 1(<1%) 1(1%) 3(1%)
Lipoma 0 1(<1%) 0 0
Leiomyosarcoma 1(1%) 2(1%) 0 1(<1%)

Chrysotile Asbestos, NTP TR 295
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TABLE 12. INCIDENCE OF NONNEOPLASTIC LESIONS IN THE ALIMENTARY TRACT OF RATS IN
THE LIFETIME FEED STUDIES OF SHORT-RANGE (SR) CHRYSOTILE ASBESTOS

Male Female
Control SR Control SR
Esophagus (No. examined) 86 247 87 244
Hyperkeratosis 6(7%) 16 (6%) 4(5%) 8(3%)
Stomach (No.examined) 88 248 87 245
Mineralization 3(3%) 2(1%) 0 0
Inflammation 12(14%) 35 (14%) 16 (18%) 46 (19%)
Ulcer 4 (5%) 10 (4%) T7(8%) 21(9%)
Adhesion 1(1%) 1(<1%) 2(2%) 1(<1%)
Necrosis 13(15%) 40(16%) 14 (16%) 35(14%)
Hyperplasia, epithelial 3(3%) 0 0 0
Hyperkeratosis 8(9%) 29 (12%) 21(24%) 59 (24%)
Acanthosis 11(13%) 36 (15%) 19 (22%) 59 (24%)
Gastric muscularis (No. examined) 88 248 87 245
Degeneration 2(2%) 0 0 1(<1%)
Colon (No. examined) 87 248 87 244
Inflammation 2(2%) 2(1%)
Parasitism 13 (15%) 22(9%) 8(9%) 13 (5%)
Cecum (No. examined) 87 248 87 244
Inflammation 0 6(2%) 2(2%) 5(2%)
Necrosis 0 5(2%) 2(2%) 3(1%)
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TABLE 13. ALIMENTARY TRACT TUMORS IN RATS IN THE LIFETIME FEED STUDIES OF

INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS

Male Female
Control IR IR/PW Control IR IR/PW
Mouth/oral cavity (No.examined) 88 250 100 88 250 100
Squamous cell carcinoma 0 1(<1%) 0 0 1(<1%) 0
Hard palate (No. examined) 88 250 100 88 250 100
Keratoacanthoma 0 1(<1%) 0 0 0 0
Squamous cell papilloma 0 0 1(1%) 0 1(<1%) 0
Squamous cell carcinoma 0 0 0 0 0 1(1%)
Tongue (No. examined) 88 250 100 88 250 100
Squamous cell papilloma 0 1(<1%) 0 1(1%) 0 1(1%)
Esophagus (No. examined) 83 250 98 88 250 100
Fibrosarcoma 0 0 1(1%) 0 0 0
Stomach (No. examined) 85 250 100 87 250 99
Squamous cell papilloma 0 0 0 0 0 1(1%)
Squamous cell carcinoma 0 0 0 1(1%) 0 1(1%)
Adenomatous polyp 0 0 0 0 1(<1%) 0
Adenocarcinoma 0 1(<1%) 0 0 0 0
Carcinoid tumor 0 0 0 0 2(1%) 0
Leiomyosarcoma 0 0 0 0 1(<1%) 0
Small intestine (No. examined) 86 250 100 87 249 99
Leiomyosarcoma 0 0 1(1%) 0 0 0
Duodenum (No. examined) 85 250 100 87 249 99
Adenomatous polyp 0 1(<1%) 0 0 0 0
Mucinous cystadenocarcinoma 0 1(<1%) 0 0 0 0
Signet ring carcinoma 0 1(<1%) 0 0 0 0
Leiomyoma 0 1(<1%) 0 1(1%) 0 0
Jejunum (No, examined) 85 250 100 87 249 99
Leiomyosarcoma 0 2(1%) 0 0 0 0
Ileum (No. examined) 85 250 100 87 249 99
Leiomyoma 1(1%) 0 1(1%) 0 0 0
Total small intestine (No.examined) 85 250 100 87 249 99
Adenomatous polyp 0 1(<1%) 0 0 0 0
Mucinous cystadenocarcinoma 0 1(<1%) 0 0 0 0
Signet ring carcinoma 0 1(<1%) 0 0 0 0
Leiomyoma 1(1%) 1(<1%) 1(1%) 1(1%) 0 0
Leiomyosarcoma 0 2(1%) 1 (1%) 0 0 0
Ascending colon (No. examined) 86 250 100 87 250 99
Adenomatous polyp 0 2(1%) 0 0 0 0
Leiomyoma 0 0 0 0 0 1(1%)
Transverse colon (No. examined) 85 250 100 87 250 99
Leiomyosarcoma 0 0 1(1%) 0 0 0
Descending colon (No. examined) 85 250 100 87 250 99
Adenomatous polyp 0 7(3%) 2(2%) 0 1(<1%) 0
Leiomyoma 0 0 0 0 1(<1%) 0
Total large intestine (No. examined) 85 250 100 87 250 99
Adenomatous polyp 0 9(4%) 2(2%) 0 1(<1%) 0
Leiomyoma 0 0 0 0 1(<1%) 1(1%)
Leiomyosarcoma 0 0 1(1%) 0 0 0
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TABLE 14. INCIDENCE OF NONNEOPLASTIC LESIONS IN THE ALIMENTARY TRACT OF RATS IN
THE LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS

Male Female
Control IR IR/PW Control IR IR/PW
Esophagus (No. examined) 83 250 98 86 250 99
Hyperkeratosis 1(1%) 0 2(2%) 0 0 2(2%)
Stomach (No. examined) 85 250 100 87 250 99
Mineralization 1(1%) 5(2%) 0 0 0 0
Cyst 2(2%) 1(<1%) 0 1(1%) 1(<1%) 1(1%)
Edema 5(6%) 0 0 0 0 0
Ulcer 13(15%) 27(11%) 9(9%) 7(8%) 26 (10%) 7(7%)
Inflammation 18(22%) 29(12%) 9(9%) 9(10%) 33(13%) 10 (10%)
Necrosis, focal 0 4(2%) 0 0 2(1%) 1(1%)
Hyperplasia, epithelial 0 0 1(1%) 0 1(<1%) 0
Hyperplasia, basal cell 1(1%) 1(<1%) 0 0 0 0
Hyperkeratosis T7(8%) 0 0 2(2%) 4(2%) 5(5%)
Acanthosis 10(12%) 18(7%) 14 (14%) 7(8%) 20 (8%) 10 (10%)
Gastric submucosa (No. examined) 85 250 100 87 250 99
Edema 1(1%) 23(9%) 10 (10%) 2(2%) 14 (6%) 2(2%)
Large intestine (No. examined) 85 250 100 87 250 99
Parasitism 34%) 0 0 0 0 0
Colon (No. examined) 85 250 100 87 250 99
Parasitism 0 11 (4%) 0 0 6(2%) 1(1%)
Cecum (No. examined) 85 250 100 87 250 99
Edema 0 5(2%) 0 0 0 0
Inflammation 2(2%) 1{<1%) 0 0 3(1%) 3 (3%)
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III. RESULTS

Integumentary System: The incidences of
keratoacanthomas of the integumentary system
in male rats in the IR and IR/PW groups were
significantly greater than that in the controls
(Table 15).

Clitoral Gland: The incidence of carcinomas or
squamous cell carcinomas (combined) in the
female IR group (but not the IR/PW group) was

significantly greater than that in the controls
(Table 16).

Adrenal Gland: The incidence of pheochro-
mocytomas or malignant pheochromocytomas
(combined) in the male IR/PW group (32/100,
32%) but not in the IR group (63/250, 25%) was
significantly greater than that in the controls
(17/85, 20%).

TABLE 15. ANALYSIS OF INTEGUMENTARY SYSTEM TUMORS IN MALE RATS IN THE LIFETIME
FEED STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (a)

Untreated
Control IR (b) IR/PW IR vs IR/PW
Keratoacanthoma

Overall Rates 1/88 (1%) 19/250 (8%) 8/100 (8%)

Adjusted Rates 3.2% 23.9% 32.7%

Terminal Rates 0/7 (0%) 3/29(10%) 3/11(27%)

Life Table Test P=0.039 P=0.048 P=0.506
Incidental Tumor Test P=0.027 P=0.026 P=0.512

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes).
(b) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet

TABLE 16, ANALYSIS OF CLITORAL GLAND TUMORS IN FEMALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS

Untreated
Control IR (a) IR/PW IR vs IR/PW
Carcinoma
Overall Rates 0/88 (0%) 16/250 (6%) 4/100 (4%)
Carcinoma or Squamous Cell Carcinoma
Overall Rates 1/88 (1%) 18/250 (7%) 4/100 (4%)
Adjusted Rates 3.2% 26.1% 12.6%
Terminal Rates 0/10 (0%) 5/29 (17%) 0/11 (0%)
Life Table Test P=0.037 P=0.214 P=0.218N
Incidental Tumor Test P=0.031 P=0.247 P=0.186N

(a) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet
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III. RESULTS

Decreased Incidence of Primary Neoplasms: The
only organ that showed a decreased tumor inci-
dence in the IR-chrysotile groups compared with
the controls was the pituitary gland in female
rats (controls--53/87, 61%; IR--117/249, 47%;
IR/PW--51/100, 51%)

Liver: The incidences of cystic degeneration in
the male IR and IR/PW groups were greater
than those in the controls (male: control,
4/85, 5%; IR, 44/250, 18%; IR/PW, 21/100, 21%;

female: control, 0/87; IR, 0/250; IR/PW, 2/99,
2%).
Prostate: The incidences of inflammation (acute,

acute focal, suppurative, acute/chronic, or
chronic) or abscess in the IR and IR/PW groups
were greater than that in the controls (control,
17/85, 20%; IR, 87/249, 35%; IR/PW, 45/99, 45%).
The incidence of hyperplasia (NOS, focal, or epi-
thelial) was increased in the IR group as com-
pared with that in the controls (control, 2/85, 2%,
IR, 31/249, 12%; IR/PW, 3/99, 3%).

Lymph nodes: The incidence of hyperplasia
(lymphoid, reticulum, and plasma cell) in the
mandibular lymph node of the male rats was
greater in the IR (§7/250, 23%) and IR/PW
groups (47/100, 47%) than in the concurrent con-
trols (12/88, 14%). Similar types of hyperplasia
were not observed in other lymph nodes (cer-
vical, mediastinal, celiac, pancreatic, mesen-
teric, ileocolic, iliac, renal, or axillary) in the
males or in any lymph node in IR-exposed fe-
male rats.

The incidences of pigmentation in the media-
stinal lymph node of the male IR group (58/250,
23%) and IR/PW group (41/100, 41%) were in-
creased as compared with the control group
(5/85, 6%). A similar observation was noted in
the mesenteric lymph nodes (IR: 28/250, 11%;
IR/PW: 28/100, 28%; control: 0/85) and possibly
the pancreatic lymph node (IR: 14/250, 6%;
IR/PW: 6/100, 6%; control: 0/85).

The incidence of pigmentation was increased in
certain lymph nodes of female IR-exposed rats:
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mediastinal (IR: 91/250, 36%; IR/PW: 39/99,
39%; control: 22/87, 25%); pancreatic (IR:
19/250, 8%; IR/PW: 5/99 6%, control: 0/87); and
mesenteric (IR: 40/250, 16%; IR/PW: 4/99, 4%,
control; 10/87,11%).

DMH With and Without Intermediate-Range
Chrysotile Asbestos

DMH was associated with increased incidences
of neoplasms in multiple organs: skin, liver, kid-
ney, pancreas, thyroid gland, Zymbal gland,
hematopoietic system, and gastrointestinal tract
(Tables 17 and 18). The only significant differ-
ences in the incidences of neoplasms between the
DMH group and the IR/DMH group were ob-
served in the kidneys of female rats and the thy-
roid gland of male rats (Tables 19 and 20).

Large Intestine: The incidences of adenomatous
polyps, mucinous cystadenocarcinomas, and ade-
nomatous polyps, adenocarcinomas, or mucinous
cystadenocarcinomas (combined) in DMH and IR
plus DMH groups were comparable (Table 17) in
male (DMH, 32%; IR plus DMH, 35%) and
female (DMH, 37%; IR plus DMH, 35%) rats.

Kidney: The incidence of mixed malignant
tumors of the kidney in female rats that received
IR chrysotile plus DMH was significantly
(P<0.05) greater than that in the group that
received DMH alone (Table 19).

Thyroid Gland: The incidence of follicular cell
adenomas in male rats that received IR chryso-
tile asbestos plus DMH was significantly greater
than in those that received DMH without IR
chrysotile. The incidence of follicular cell carci-
nomas in male rats receiving DMH was approxi-
mately the same as that in male rats that re-
ceived both DMH and IR chrysotile asbestos.
The incidences of follicular cell adenomas, fol-
licular cell carcinomas, and follicular cell adeno-
mas or carcinomas (combined) in males that re-
ceived IR chrysotile asbestos plus DMH were
significantly (P <0.05) greater than those in the
controls (Table 20).
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TABLE 17, SUMMARY OF GASTROINTESTINAL TUMORS IN RATS ADMINISTERED
1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE WITH AND WITHOUT INTERMEDIATE.-RANGE
CHRYSOTILE ASBESTOS

Male Female
DMH (a) IR + DMH (b) DMH IR + DMH
Tongue
Squamous cell papilloma 0/125 (0%) 1/175 (1%) 1/125 (1%) 0/175 (0%)
Squamous cell carcinoma 0/125 (0%) 0/175 (0%) 1/125 (1%) 0/175 (0%)
Small intestine, Site unknown
Mucinous cystadenocarcinoma 0/125 (0%) 0/175 (0%) 0/125 (0%) 1/175 (1%)
Duodenum
Adenocarcinoma 0/125 (0%) 1/175 (1%) 0/125 (0%) 0/175 (0%)
Mucinous cystadenocarcinoma 0/125 (0%) 1/175 (1%) 2/125 (2%) 2/175 (1%)
Signet ring carcinoma 0/125 (0%) 1/175 (1%) 0/125 (0%) 2/175 (1%)
Jejunum
Adenomatous polyp 0/125 (0%) 0/175 (0%) 0/125 (0%) 1/175 (1%)
Adenocarcinoma 0/125 (0%) 1/175 (1%) 0/125 (0%) 0/175 (0%)
Mucinous cystadenocarcinoma 0/125 (0%) 1/175(1%) 0/125 (0%) 0/175 (0%)
Ileum
Adenocarcinoma in adenomatous polyp 0/125 (0%) 0/175 (0%) 0/125 (0%) 1/175 (1%)
Total small intestine
Adenomatous polyp 0/125 (0%) 0/175 (0%) 0/125 (0%) 1/175(1%)
Adenocarcinoma 0/125 (0%) 2/175 (1%) 0/125 (0%) 0/175 (0%)
Mucinous cystadenocarcinoma 0/125 (0%) 2/175 (1%) 2/125 (2%) 3/175 (3%)
Adenocarcinoma in adenomatous polyp 0/125 (0%) 0/175 (0%) 0/125 (0%) 1/175 (1%)
c Signet ring carcinoma 0/125 (0%) 1/175(1%) 0/125 (0%) 2/175(1%)
olon
Adenomatous polyp 0/125 (0%) 0/175 (0%) 2/125 (2%) 1/175 (1%)
c Mucinous cystadenocarcinoma 0/125 (0%) 0/175 (0%) 0/125 (0%) 1/175 (1%)
ecum
Adenocarcinoma 1/125 (1%) 0/175 (0%) 1/125 (1%) 0/175 (0%)
Adenomatous polyp 0/125 (0%) 1/175 (1%) 0/125 (0%) 3/175 (2%)
Mucinous cystadenocarcinoma 4/125 (3%) 4/175 (2%) (c) 8/125 (6%) (c) 8/175 (5%)
Signet ring carcinoma 0/125 (0%) 0/175 (0%) 1/125 (1%) 0/175 (0%)
Ascending colon
Adenocarcinoma, 0/125 (0%) 1/175 (1%) 0/125 (0%) 3/175 (2%)
Adenomatous polyp 3/125 (2%) 3/175 (2%) 2/125 (2%) 6/175 (3%)
Adenocarcinoma in adenomatous polyp 0/125 (0%) 1/175 (1%) 0/125 (0%) 0/175 (0%)
Mucinous cystadenocarcinoma 3/125 (2%) (¢)11/175 (6%) 5/125 (4%) 6/175 (3%)
Signet ring carcinoma 1/125(1%) 0/175 (0%) 1/125 (1%) 2/175 (1%)
Leiomyosarcoma 0/125 (0%) 0/175 (0%) 1/125 (1%) 0/175 (0%)
Transverse colon
Adenocarcinoma 1/125(1%) 0/175 (0%) 0/125 (0%) 0/175 (0%)
Adenomatous polyp 4/125 (3%) 6/175 (3%) (¢)9/125 (7%) () 8/175 (5%)
Adenocarcinoma in adenomatous polyp 0/125 (0%) 0/175 (0%) 0/125 (0%) 4/175 (2%)
Mucinous cystadenocarcinoma 0/125 (0%) 0/175 (0%) 0/125 (0%) 1/176 (1%)
Descending colon
Adenomatous polyp (€)24/125(19%)  (¢)37/175(21%) (c)24/125(19%)  (c)30/175(17%)
Adenocarcinoma in adenomatous polyp 0/125 (0%) 2/175 (1%) 2/125 (2%) 2/175 (1%)
Mucinous cystadenocarcinoma 0/125 (0%) 4/175 (2%) 1/125 (1%) 0/175 (0%)
Signet ring carcinoma 0/125 (0%) 1/175 (1%) 0/125 (0%) 0/175 (0%)
Total large intestine
Adenomatous polyp (c)31/125(25%)  (c)45/175 (26%) (c)33/125(26%) (c)46/175 (26%)
Adenocarcinoma 2/125 (2%) 1/175 (1%) 1/125(1%) 3/175 (2%)
Mucinous cystadenocarcinoma (c)7/125 (6%) (¢)19/175 (11%) (¢)14/125(11%) (c)16/175(9%)
Adenocarcinoma in adenomatous polyp 0/125 (0%) 3/175(2%) 2/125(2%) 6/175 (3%)
Signet ring carcinoma 1/125(1%) 1/175 (1%) 2/125 (2%) 2/175 (1%)
Leiomyosarcoma 0/125 (0%) 0/175 (0%) 1/125 (1%) 0/175 (0%)
Anus
Adenomatous polyp 1/125(1%) 0/175 (0%) 0/125(0%) 0/175 (0%)

(a) Administered 1,2-dimethylhydrazine dihydrochloride (DMH) by gavage
(b) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet and DMH by gavage
(¢) Incidence significantly greater than that in the controls (P<0.05)
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TABLE 18. SUMMARY OF NONGASTROINTESTINAL TUMORS IN RATS ADMINISTERED
1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE WITH AND WITHOUT INTERMEDIATE-RANGE
CHRYSOTILE ASBESTOS

Male Female
DMH (a) IR + DMH (b) DMH IR + DMH
Integumentary system
Keratoacanthoma (c*)6/125 (5%) (€) 11/175 (6%) 0/125 (0%) 2/175(1%)
Hematopoietic system
Leukemia (c*) 42/126(34%) (c*) TI/175 (41%) (c)70/125 (56%) (c)93/175 (53%)
Liver
Neoplastic nodule (c*)12/125(10%) 10/175 (6%) () 12/125 (10%) (¢)21/175 (12%)
Hepatocellular carcinoma (©)17/125(14%) () 20/175(11%) (¢) 12/125 (10%) (c)19/175 (11%)
Pancreas
Acinar cell adenoma 7/124 (6%) (c) 14/174 (8%) 1/124 (1%) 0/175 (0%)
Kidney
Mixed tumor, malignant 0/125 (0%) 1175 (1%) (¢) 13/125(10%)  (c,d)34/175 (19%)
Thyroid gland
Follicular cell adenoma 1/124(1%) (c.d) 14/175(8%) (c*)7/124 (6%) 9/174 (5%)
Follicular cell carcinoma 8/124(6%) (c*)14/175(8%) (c*)5/124 (4%) (€ 7/174 (4%)
Zymbal gland
Squamous cell papilloma, adenoma 1/125 (1%) 3/175 (2%) 1/125(1%) 3/175 (2%)
Squamous cell carcinoma or
carcinoma (¢)18/125(14%)  (c) 24/175 (14%) (¢)14/125 (11%) (¢)26/175 (15%)

(a) Administered 1,2-dimethylhydrazine dihydrochloride (DMH) by gavage

(b) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet and DMH by gavage

(¢) Incidence significantly greater than that in the controls (P <0.05); (c*) differences significant (P <0.05) by life table analysis
only

(d) Incidence significantly greater than that in the DMH group (P <0.05)

TABLE 19. ANALYSIS OF KIDNEY TUMORS IN FEMALE RATS IN THE LIFETIME FEED STUDY
OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS WITH
1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE

Untreated IR + DMH vs
Control DMH (a) DMH (b) IR + DMH
Mixed Tumor, Malignant
Overall Rates 0/87 (0%) 13/125 (10%) 34/175 (19%)
Adjusted Rates 0.0% 21.8% 30.0%
Terminal Rates 0/55 (0%) 1/16 (6%) 0/27 (0%)
Life Table Test P<0.001 P<0.001 P=0.043
Incidental Tumor Test P=0.073 P=0.022 P=0.021

(a) Administered 1,2-dimethylhydrazine dihydrochloride (DMH) by gavage
(b) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet and DMH by gavage
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TABLE 20. ANALYSIS OF THYROID GLAND TUMORS IN MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS WITH
1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE

Untreated IR + DMH vs
Control DMH (a) DMH (b) IR + DMH

Follicular Cell Adenoma

Qverall Rates 1/84 (1%) 1/124 (1%) 14/175 (8%)

Adjusted Rates 2.1% 2.8% 28.5%

Terminal Rates 0/26 (0%) 0/18 (0%) 2/18(11%)

Life Table Test P=0.720 P=0.001 P=0.003

Incidental Tumor Test P=0.752 P=0.011 P=0.006
Follicular Cell Carcinoma

Overall Rates 5/84 (6%) 8/124 (6%) 14/175 (8%)

Adjusted Rates 13.1% 29.9% 19.7%

Terminal Rates 2/26 (8%) 4/18 (22%) 0/18 (0%)

Life Table Test P=0.130 P=0.045 P=0.299

Incidental Tumor Test P=0.171 P=0.246 P=0.403
Follicular Cell Adenoma or Carcinoma

Overall Rates 6/84 (7%) 9/124 (7%) 28/175 (16%)

Adjusted Rates 14.9% 31.8% 42.7%

Terminal Rates 2/26 (8%) 4/18 (22%) 2/18(11%)

Life Table Test P=0.138 P<0.001 P=0.010

Incidental Tumor Test P=0.184 P=0.009 P=0.020

(a) Administered 1,2-dimethylhydrazine dihydrochloride (DMH) by gavage
(b) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet and DMH by gavage
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IV. DISCUSSION AND CONCLUSIONS

Two types (short-range [SR] and intermediate-
range (IR] fiber length) of chrysotile asbestos
were administered at a level of 1% in the diet to
male and female F344/N rats for their lifetime,
including exposure of their dams to the test
material. A further study included two groups
(control and IR chrysotile exposed) of weanling
rats exposed to five biweekly doses of 1,2-
dimethylhydrazine dihydrochloride (DMH), a
known intestinal carcinogen in rodents, to
investigate the promotional or cocarcinogenic
effects of DMH and IR chrysotile asbestos.

The clinicopathologic results in this study
showed that the ingestion of either SR or IR
chrysotile asbestos did not adversely affect the
fertility of the mothers or the litter size of the Fy
animals. The average weight of the offspring at
birth from mothers exposed to either SR or IR
chrysotile asbestos before and during gestation
was similar to that of the offspring of
nonexposed mothers. At weaning, however, the
average weight of the offspring of SR chrysotile-
exposed mothers was 8% greater, and that of the
offspring of IR chrysotile-exposed mothers 13%
lower, than that of the offspring of the
nonexposed mothers.

The IR chrysotile asbestos-exposed rats
remained smaller throughout their lives,
although the weight gains paralleled those of
the nonexposed rats. Similar findings were
reported in previous NTP ingestion studies in
rats of amosite (NTP TR 279) and crocidolite
(NTP TR 280, in press) asbestos, in which the
offspring of exposed mothers were also smaller
at weaning and remained so throughout their
lives. The cause of the decreased body weight
gain is unknown, but the IR chrysotile rats
consumed slightly less feed during the study
(Appendix H, Tables H3 and H4).

The mean body weight of the rats exposed to the
preweaning (PW) gavage and subsequently to IR
chrysotile asbestos was slightly greater than
that of those exposed to IR chrysotile alone. This
may be related to the high rate of mortality
(approximately 50%) induced in the neonates by
the PW technique, which would allow the
remaining pups more milk during lactation. For
neonates, the physical stress of gavaging
routinely results in a high rate of mortality.
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This high mortality resulted in a group of test
animals that may not be representative of the
group (i.e., biased toward more hardy individ-
uals). Exposure to DMH caused a small
reduction in body weight gain in male and
female rats.

No clinical signs were observed that could be
attributed to the ingestion of either SR or IR
chrysotile asbestos. Starting at 9 months of age,
the DMH exposed rats showed signs attributable
to DMH-related neoplasia, but no difference was
noted between the DMH and IR plus DMH
groups.

The survival of the rats (control and chrysotile-
exposed) in these studies compares favorably
with other NTP studies. The survival of males
at 111 weeks of age was: untreated control, 67%;
IR chrysotile, 73%; and IR/PW, 78%. The
percentages of female rats alive at this time
were: control, 72%; IR chrysotile, 72%; and
IR/PW, 73%. In reviewing 25 recent NTP feed
studies, Haseman (1983a) found an average of
66% of control males and 73% of control females
alive at 112 weeks of age. In most 2-year
carcinogenesis studies involving rats, females
survive longer than males.

The survival of rats exposed to DMH was
significantly lower than that of the untreated
controls and the chrysotile groups. Both males
and females that received IR chrysotile and
DMH showed similar survival rates throughout
the studies compared with those that received
DMH alone.

Based on these observations, it appears that the
rats could possibly have tolerated a higher level
of asbestos exposure, although a level of 1% in
the diet for the entire life of the animal is
considered substantial. This dose level ranges
from 1.6 X 105 to 1.6 X 1010 times the projected
level of possible human exposure (DHEW
Committee to Coordinate Toxicology and Relat-
ed Programs, Subcommittee on Asbestos Proto-
cols, unpublished data).

Ingestion of SR chrysotile asbestos over the
lifetime of these rats did not cause any
biologically significant increase of neoplasms at



IV. DISCUSSION AND CONCLUSIONS

any anatomic site when compared with the
concurrent controls. Mesotheliomas (all sites)
appeared to be increased (not statistically
significant, P>0.05) in male rats receiving SR
chrysotile alone compared with the controls (6%
vs 2%), but the incidence in the control group
was somewhat low compared with the IR
chrysotile control group (6%) and pooled male
control groups from all the NTP oral asbestos
studies (24/529, 4.5% [Appendix F]). Therefore,
the biologic importance of this finding is
discounted. SR chrysotile also did not produce
any apparent increase in nonneoplastic disease.
In summary, the ingestion of short-range
chrysotile asbestos did not cause any adverse
effect in either male or female F344/N rats.

Ingestion of IR chrysotile asbestos was
associated with an increased incidence of
neoplasia. Since the gastrointestinal tract was
designated as a possible target organ based on
epidemiologic studies in humans (Cooper et al.,
1979) and because the test material was
administered via the diet, the incidence of
gastrointestinal neoplasms was examined in
particular detail. For this reason, the increase
in adenomatous polyps, which were grossly
visible in the large intestine of IR chrysotile-
exposed male rats, deserves special attention.
These lesions are uncommon in standard 2-year
carcinogenesis studies: 1/1,727 for male and
0/1,777 for female F344/N rats (Haseman et al.,
1984). Overall, the incidence in dosed male rats
in this study was low (9/250, 4%) and not
statistically significant (P =0.08) compared with
the concurrent controls (0/85). Despite the
apparent marginal significance (P <0.10) of the
large intestine tumor incidence in the IR
chrysotile groups relative to concurrent controls,
the actual level of significance associated with
this comparison is greater than the nominal
level because of the rarity of adenomatous
polyps (Haseman, 1983b). For example, if the
background incidence of large intestine tumors
in lifetime studies of male F344/N rats is 0.6%
(as suggested by the 3/524 rate observed in the
pooled asbestos controls), then the probability of
observing 9 or more (out of 250) adenomatous
polyps of the large intestine by chance alone is
less than 1 in 10,000. Further, the overall
incidence of adenomatous polyps of the large
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intestine (9/250) was significant (P=0.003) rela-
tive to the rate in the pooled controls (3/524).

It is noteworthy that the other NTP asbestos
studies were carried out at the same laboratory,
conducted during an overlapping time frame,
and used animals that were received from the
same source and exposed to the same
environmental conditions. The post mortem
examinations were conducted with an identical
protocol by the same technicians, the
histopathologic examination used the same
morphologic classification; and every neoplasm
in question was reviewed by the Quality
Assurance contractor and the NTP Pathology
Working Group. It is particularly appropriate in
this study, therefore, to give more credence than
usual to the historical data. Further evidence
for the relevance of this observation was the
occurrence of adenomatous polyps in 2/100 male
IR/PW chrysotile asbestos-exposed rats. Also,
an additional 4/250 IR chrysotile male rats had
neoplasms of similar histogenesis in the small
intestine or glandular stomach, whereas none
was found in the concurrent control group.
These factors support the conclusion that the
observed effect in the gastrointestinal tract,
particularly the large intestine, of the male IR
chrysotile asbestos group is quite unlikely to be
due to chance alone.

To place this observation in proper context:
First, adenomatous polyps are considered benign
neoplasms. Second, no malignant epithelial
neoplasms were observed in the large intestine
in this study. Third, there was no evidence that
any of the polyps had progressed to carcinoma,
although this progression occurs with known
intestinal carcinogens (e.g., in the DMH portion
of this study). Fourth, because this was a
lifetime study, more time was available for
malignant progression. Fifth, an increase in
gastrointestinal epithelial tumors was not
observed in female IR chrysotile rats.

The above observations, which show a
carcinogenic response to IR chrysotile but not to
SR chrysotile asbestos, can probably be
explained by the studies of Stanton et al. (1981)
in which various types of natural and manmade
mineral fibers were implanted into the pleural
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cavity of rats. Using pleural fibrosis and meso-
thelioma as end points, the investigators ob-
served a correlation between fiber length and
width and the fibers’ carcinogenic potential. To
be carcinogenic, fibers needed to be greater than
8 um in length and less than 1.5 pm in diameter.
Fibers of this type have been referred to as “S”
(for Stanton) fibers (Harington, 1975). A far
greater number of such “S” fibers were present
in the IR than in the SR chrysotile asbestos used
in these studies. It is also noteworthy that,
when a chrysotile fiber breaks (in vivo or in
vitro), it fractures in a longitudinal fashion,
theoretically yielding more fibers of the “S” type
and thus increasing the carcinogenic potential.

Keratoacanthomas of the skin were significantly
increased in male IR chrysotile-exposed rats
(19/250, 8%) and in the IR/PW groups (8/100,
8%) as compared with the controls (1/88, 1%).
This observation deserves some consideration,
since the increase was observed in both IR
chrysotile studies; however, the incidence does
not greatly exceed the mean control rates
observed in all NTP rat oral asbestos studies:
20/529, 4% (Appendix F). Thus, this increase is
not clearly related to the administration of IR
chrysotile asbestos. The chrysotile asbestos used
in these studies was incorporated into solid feed
pellets, but the potential for skin exposure
remains because asbestos particles are dislodged
during eating. Nevertheless, even in inhalation
studies in which considerable skin exposure also
occurs, no increases in this lesion have been
reported. If keratoacanthomas are actually
related to chrysotile asbestos, which seems
unlikely, direct exposure of the skin rather than
a systemic route is the most plausible
mechanism for induction of these neoplasms.

The incidence of neoplasms in the clitoral gland
of female IR (18/250, 7%) and IR/PW (4/100, 4%)
rats was increased compared with the
concurrent controls (1/88, 1%). Only in the IR
chrysotile alone group was the incidence
significantly (P <0.05) increased. The incidence
observed in the IR chrysotile groups did not
differ significantly from the rate observed in all
NTP oral asbestos studies (22/529, 4%).
Moreover, no increase in neoplasia was observed
in the male preputial gland (histogenetically
related to the clitoral gland). Thus, this increase
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is not clearly related to the administration of IR
chrysotile. Again, if these neoplasms were
related to IR chrysotile, a direct route of
exposure is the most probable cause.

Pheochromocytomas occurred at a greater
incidence in male rats exposed to IR (63/250,
25%) and IR/PW (32/100, 32%) chrysotile than in
the controls (17/85, 20%). Only in the IR/PW
chrysotile group, however, was the incidence
statistically significant (incidental tumor test,
P=0.02). These rates are also comparable to
those observed in all NTP oral asbestos studies
(158/525, 30%). Therefore these neoplasms are
not considered to be related to IR chrysotile
asbestos exposure.

Nonneoplastic lesions that showed increased
incidences in asbestos-exposed groups include
cystic degeneration of the liver and inflam-
mation of the prostate in male IR and IR/PW
chrysotile groups. An explanation for these
findings is not apparent, and their biologic
relevance in this study is unknown.

Rats exposed to DMH exhibited neoplasia at
those sites known as targets for this chemical:
the gastrointestinal tract, Zymbal gland, liver,
and kidney. In addition, the appearance of the
DMH-induced neoplasms was comparable to
those described previously in rats exposed to
hydrazine compounds (Pozharisski, 1975). The
incidence of intestinal neoplasia was slightly
greater (male 32%, female 37%) in the DMH
groups than the predicted incidence of 15% *
5% based on a preliminary dose response study
(McConnell et al., 1980). In the previous NTP
oral amosite asbestos study in rats, in which
DMH was administered at the same dose as in
this study, the rate of intestinal neoplasia was
60-70%. A similar study of .IR chrysotile
asbestos and DMH in hamsters failed to elicit
any neoplastic response in the intestine (NTP
TR 246, in press). Apparently, the neoplastic
dose response to DMH is relatively steep and
duplication of a given incidence, particularly at
the low end of the dose-response curve, is
difficult to produce.

In addition to the previously mentioned
neoplasms, DMH (with and without IR
chrysotile) was also associated with an apparent
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increase in leukemia (decreased latency) in both
male and female rats. The difference was
statistically significant (P<0.05, life table
analysis) compared with the concurrent controls,
and the significance was enhanced when com-
pared with the combined incidence of leukemia
in the control groups from the other NTP oral
asbestos studies. Although leukemia is not
usually considered a response to DMH exposure,
most DMH studies use a dose that produces a
high incidence of lethal neoplasms in other
organs. In such studies, the possibility exists
that a leukemic effect might not be manifested
or recognized due to the lethality of other types
of neoplasms. Therefore, the increased incidence
in leukemia in female rats in this study is con-
sidered to be related to DMH exposure, and IR
chrysotile asbestos is not considered to affect its
development.

If IR chrysotile has a cocarcinogenic or pro-
tective effect on DMH, it should have been mani-
fested in one of the target organs. This rela-
tionship is not apparent in the intestine, liver, or
Zymbal gland. There was a significant (P <0.05)
increase, however, in neoplasms of the kidney in
the IR plus DMH rats compared with the female
rats that received DMH alone. Although the
observation cannot be totally discounted, its bio-
logic significance is questionable in light of the
lack of a tumor-enhancing effect in the other
three potential target organs.

The only other tumor incidence that was sig-
nificantly (P <0.05) different in DMH groups as
compared with IR plus DMH groups was that of
thyroid follicular cell neoplasms (adenomas
alone and adenomas or carcinomas combined) in
male rats. The incidence in the DMH group was
identical to that of the untreated controls, and
there was no tumor-enhancing effect in females.
For these reasons and because the thyroid gland
is not usually affected by administration of
either DMH or asbestos, this increase probably
lacks biologic significance.

In summary, IR chrysotile asbestos did not ap-
pear to influence the rate of neoplasia induced
by DMH, especially in the primary target organ
(i.e., intestine). In contrast, IR chrysotile alone
caused a slight increase in the incidence of
adenomatous polyps in the large intestine of
male rats. The keratoacanthomas of the skin in
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male rats and clitoral gland neoplasms in female
rats were probably not related to IR chrysotile
exposure.

Studies involving the long-term ingestion of
other types of asbestos are few. Donham et al.
(1980) reported equivocal tumor results in the
intestine of F344 rats that were fed a diet con-
taining 10% chrysotile for their lifetime. Al-
though a significant (P<0.05) increase in the
number of tumors in exposed animals was not
observed, the authors believed that there was a
trend toward increased colon lesions in general.
They cited evidence of penetration of asbestos
into the colonic mucosa and possible cytotoxicity
to colonic tissues and suggested a relationship to
peritoneal mesothelioma. Another equivocal
study is that reported by Gibel et al. (1976), who
described increases in malignant tumors in the
lung, kidneys, liver, and reticuloendothelial sys-
tem but not in intestinal neoplasia in Wistar
rats fed asbestos filter material (20 mg/day) for
8-14 months. Cunningham et al. (1977), reported
two studies (24 months or 30 months) in which
Wistar male rats were administered 1% chryso-
tile asbestos in the diet. These authors concluded
that trace amounts of ingested asbestos can
penetrate the walls of the gastrointestinal tract,
but evidence of carcinogenicity was inconclu-
sive. No evidence of carcinogenicity was found
by Gross et al. (1974), who fed rats a diet con-
taining 5% chrysotile asbestos for 21 months.
Bolton et al. (1982) exposed groups of 22-24 male
HAN SPF Wistar-derived rats to amosite,
crocidolite, or UICC standard reference chryso-
tile (similar to IR chrysotile) asbestos in the diet
at a rate of approximately 250 mg/rat per week
for 25 months and monitored the rats for the
remainder of their lifespan. They concluded that
no significant adverse effects occurred as a re-
sult of ingestion of any of these forms of asbestos.
Previous NTP oral asbestos studies in rats in
which amosite (NTP TR 279, in press) or
crocidolite (NTP TR 280, in press) was ad-
ministered with and without DMH did not show
any indication of a carcinogenic response.

An oral asbestos study in hamsters was reported
by Smith et al. (1980). Groups of 30 male and 30
female hamsters were exposed via drinking
water for their lifetime to amosite asbestos,
mine tailings, beach rock, or Lake Superior
drinking water. No adverse effects on body
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weight or survival were observed for any of the
groups. One peritoneal mesothelioma, one pul-
monary carcinoma, and two early squamous cell
carcinomas of the nonglandular stomach were
found in the hamsters exposed to amosite. The
authors concluded that the study was “essen-
tially negative.” A subsequent study in rats in
which similar materials were used also failed to
elicit a carcinogenic response (Hilding et al.,
1981)

In companion studies to the rat studies in this
report, Syrian golden hamsters were exposed to
either short-range or intermediate-range chrys-
otile ashestos at a rate of 1% in the diet for their
natural lifespan (NTP TR 246, in press). In both
studies, no adverse effects were observed for
body weight gain or survival, and no asbestos-
related neoplasms were diagnosed. An ingestion
study of amosite asbestos in hamsters using a
similar design to this study did not demonstrate
a carcinogenic response (NTP, 1983).

Except for the studies of Donham et al. (1980),
Smith et al. (1980), Bolton et al. (1982), and the
NTP studies, the other studies were conducted
with relatively small numbers of animals. Also,
some were conducted for an insuf'icient period of
time to adequately test the carcinogenic poten-
tial of ingested asbestos.

The inhalation of asbestos fibers is clearly asso-
ciated with lung cancer in humans (Selikoff,
1980) and in rats (Wagner et al., 1974). In the
present studies chrysotile asbestos administered
in the feed was associated with adenomatous
polyps of the large intestine in male F344/N
rats. The carcinogenic potential of chrysotile as-
bestos may be related to its cytogenetic effects.
In support of this view, Oshimura et al. (1984)
found an association between chrysotile asbestos
and the induction of chromosomal alterations
(chromosomal aberrations, polyploidy, and
aneuploidy) in Syrian hamster embryo (SHE)

cells. By electron microscopy, Hesterberg et al.
(1982) demonstrated that asbestos fibers ac-
cumulated in the perinuclear region of SHE
cells within 24-48 hours after exposure in vitro.
Chromosomal aberrations and changes in the
number of chromosomes are associated with a
wide variety of rodent and human tumors
(Sasaki, 1982; Yunis, 1983), and several mecha-
nisms have been described to explain how cer-
tain chromosomal alterations may induce neo-
plasia (Ohno, 1977; Levan, 1981; Cavenne et al.,
1983; Klein, 1983; Sandberg, 1983; Tsutsui et
al., 1983). The occurrence of chromosomal aber-
rations at or near the site of cellular proto-onco-
genes provides additional support for the concept
that certain chromosomal changes may lead to
cancer (Rowely, 1983). In summary, the current
evidence suggests that the ability of chrysotile
asbestos to induce chromosomal alterations may
be a possible mechanism by which chrysotile as-
bestos induces neoplasia.

Conclusions: Under the conditions of these life-
time studies, short-range and intermediate-
range chrysotile asbestos did not induce overt
toxicity and did not affect survival when in-
gested at a level of 1% in the diet by male and
female F344/N rats. There was no evidence of
carcinogenicity* in male or female rats exposed
to SR chrysotile asbestos or in female rats ex-
posed to IR chrysotile asbestos. There was some
evidence of carcinogenicity in male rats exposed
to IR chrysotile asbestos as indicated by an in-
creased incidence of adenomatous polyps in the
large intestine. The cocarcinogenesis studies of
1,2-dimethylhydrazine dihydrochloride and IR
chrysotile asbestos were considered inconclusive
for determining whether IR chrysotile asbestos
had either a tumor-enhancing or protective
effect, although an increased incidence of neo-
plasms was observed in the kidneys of female
rats exposed to DMH plus IR chrysotile as com-
pared with those exposed to DMH alone

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN RATS IN THE LIFETIME FEED STUDIES

OF SHORT-RANGE CHRYSOTILE ASBESTOS
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS

CONTROL (UNTR) SHORT RANGE
ANIMALSINITIALLY IN STUDY 88 250
ANIMALS NECROPSIED 88 250
ANIMALS EXAMINED HISTOPATHOLOGICALLY 88 248
INTEGUMENTARY SYSTEM

*HARDERIAN GLAND (88) (250)
FIBROUS HISTIOCYTOMA, MALIGNANT 1 (1%)

*MULTIPLE ORGANS (88) (250)
FIBROUS HISTIOCYTOMA, MALIGNANT 1 (1%) 1 (0%)

*SKIN (88) (250)
SQUAMOUS CELL PAPILLOMA 1 (%) T (3%)
SQUAMOUS CELL CARCINOMA 3 (1%)
BASAL-CELL TUMOR 5 (2%)
BASAL-CELL CARCINOMA 3 3% 12 (5%)
TRICHOEPITHELIOMA 1 (0%
SEBACEOUS ADENOMA 1 (0%)
KERATOACANTHOMA 5 (6%) 14 (6%)
FIBROUS HISTIOCYTOMA 1 (0%
FIBROUS HISTIOCYTOMA, MALIGNANT 1 (1%) 1 (0%)

*SUBCUT TISSUE (88) (250)
SQUAMOUS CELL CARCINOMA, INVASIVE 1 (1%)

SARCOMA, NOS 3 (1%)
FIBROMA 13 (15%) 25 (10%)
FIBROSARCOMA 4 (5%) 6 (2%)
FIBROUS HISTIOCYTOMA, MALIGNANT 1 (0%)
MYXOSARCOMA 1 (0%)
LIPOMA 1 (0%)
LIPOSARCOMA 1 (1%) 2 (1%)
LEIOMYOSARCOMA, INVASIVE 1 (0%)
NEUROFIBROMA 1 (1%) 9 (4%)
NEUROFIBROSARCOMA 3 3% 2 (1%)
RESPIRATORY SYSTEM

*NASALTURBINATE (88) (260)
CARCINOMA, NOS 1 (0%)
SQUAMOUS CELL CARCINOMA 1 (0%)

#TRACHEA t1)] (248)
FOLLICULAR-CELL CARCINOMA, INVASIVE 1 (0%)
C-CELL CARCINOMA, METASTATIC 1 (0%)

#LUNG (88) 247)
CARCINOMA, NOS, METASTATIC 1 (1%)

SQUAMOUS CELL CARCINOMA, METASTATIC 3 (1%)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 (0%
ALVEOLAR/BRONCHIOLAR CARCINOMA 2 (2%) 6 (2%)
C-CELL CARCINOMA, METASTATIC 2 (1%)
FIBROSARCOMA, METASTATIC 1 (0%)
LIPOSARCOMA, METASTATIC 4 (2%)
MESOTHELIOMA, METASTATIC 1 (0%)
OSTEOSARCOMA, METASTATIC 1 (0%)
HEMATOPOIETIC SYSTEM »

*MULTIPLE ORGANS (88) (250)
MALIGNANT LYMPHOMA, NOS 2 (1%)
MALIG. LYMPHOMA, UNDIFFER-TYPE 1 (0%)
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 1 (1% 1 (0%)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (1%) 1 (0%
MYELOMONOCYTIC LEUKEMIA 1 (1%)

MONOCYTIC LEUKEMIA 34 (39%) 105 (42%)
LEUKEMIA, MONONUCLEAR CELL 1 (1%) 1 (0%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued)

CONTROL (UNTR)

SHORT RANGE

#BONE MARROW (88) (24D
LIPOSARCOMA, INVASIVE 1 (0%)

#SPLEEN (88) (247)
MESOTHELIOMA, METASTATIC 1 (0%)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (0%)

#MANDIBULAR L. NODE (88) (248)
CARCINOMA, NOS, METASTATIC 1 (0%)
C-CELL CARCINOMA, METASTATIC 1 (0%)
SARCOMA, NOS, INVASIVE 1 (0%)
FIBROSARCOMA, INVASIVE 1 (0%)

#CERVICAL LYMPH NODE (88) (248)
C-CELL CARCINOMA, METASTATIC 1 (0%)

#MEDIASTINAL LYMPH NODE (88) (248)
MESOTHELIOMA, METASTATIC 1 (1%) 1 (0%)

#ILEOCOLIC LYMPH NODE (88) (248)
SQUAMOUS CELL CARCINOMA, METASTATIC 1 (0%)

#RENAL LYMPH NODE (88) (248)
INTERSTITIAL-CELL TUMOR, METASTATIC 1 (0%)

#LIVER (88) (248)
MONOCYTIC LEUKEMIA 1 (1%) 3 (1%)

#THYMUS (76) a9n
CARCINOMA, NOS 1 (1%)
ADENOCARCINOMA, NOS 1 (1%)

CIRCULATORY SYSTEM

*MULTIPLE ORGANS (88) (250)
HEMANGIOSARCOMA, METASTATIC 1 (0%)

*MEDIASTINUM (88) (250)
HEMANGIOSARCOMA 1 (0%)

*SKIN (88) (250)
HEMANGIOMA 1 (0%)

*SUBCUT TISSUE (88) (250)
HEMANGIOSARCOMA 2 (1%}
HEMANGIOPERICYTOMA, MALIGNANT 1 (1%)

#SPLEEN (88) (247)
HEMANGIOMA 1 (0%)
HEMANGIOSARCOMA 2 (2%) 5 (2%)

#HEART (88) (247
CARCINOMA, NOS, INVASIVE 1 (0%)
FIBROSARCOMA, METASTATIC 1 (0%)

#LIVER (88) (248)
HEMANGIOSARCOMA, METASTATIC 1 (0%)

DIGESTIVE SYSTEM

*HARD PALATE (88) (250)
SQUAMOUS CELL PAPILLOMA 1 (0%

#SALIVARY GLAND (87 (243)
SARCOMA, NOS 1 (0%)
FIBROSARCOMA 3 (1%)

#LIVER 88) (248)
NEOPLASTIC NODULE 12 (14%) 17 (7%)
HEPATOCELLULAR CARCINOMA 3 (3%) 2 (1%)
C-CELL CARCINOMA, METASTATIC 1 (0%)
FIBROSARCOMA, METASTATIC 1 (0%)

#PANCREAS (88) (247
ACINAR-CELL ADENOMA T (8%) 14 (6%)
MIXED TUMOR, BENIGN 3 (1%)

#STOMACH (88) (248)
SQUAMOUS CELL PAPILLOMA 1 (0%)
SQUAMOUS CELL CARCINOMA 1 (0%)
SARCOMA,NOS 1 (0%)
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TABLE Al, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued)

CONTROL (UNTR) SHORT RANGE
DIGESTIVE SYSTEM (Continued)

#FORESTOMACH (88) (248)
SQUAMOUS CELL PAPILLOMA 1 (1%)

#GASTRIC FUNDUS (88) (248)
CARCINOMA-IN-SITU, NOS 1 (0%)

#DUODENUM (88) (248)
ADENOMATOUS POLYP, NOS 1 (0%)

#JEJUNUM (88) (248)
MUCINOUS CYSTADENOCARCINOMA 1 (1%)

#COLON (87 (248)
ADENOMATOUS POLYP, NOS 1 (0%
LEIOMYOSARCOMA 1 (0%)

#CECUM (87 (248)
LIPOMA 1 (0%)
LEIOMYOSARCOMA 1 (0%)

#TRANSVERSE COLON (87) (248)
LEIOMYOSARCOMA 1 (1%)

*ANUS (88) (250)
LEIOMYOSARCOMA, INVASIVE 1 (0%)

URINARY SYSTEM

#KIDNEY (88) (248)
TUBULAR-CELL ADENOMA 1 (1%) 2 (1%
TUBULAR-CELL ADENOCARCINOMA 1 1%

MIXED TUMOR, MALIGNANT 1 (1% 1 (0%)

#URINARY BLADDER (85) (247)
SQUAMOUS CELL PAPILLOMA 1 (0%)
TRANSITIONAL-CELL PAPILLOMA 1 (%) 1 (0%)

ENDOCRINE SYSTEM

#PITUITARY (87 (247
CARCINOMA NOS 1 (%) 3 (1%
ADENOMA, NOS 20 (23%) 42 (17%)

#ADRENAL (88) (248)
CORTICAL ADENOMA 5 (2%)
PHEOCHROMOCYTOMA 25 (28%) 73 (29%)
PHEOCHROMOCYTOMA, MALIGNANT 1 (1%) 7 (3%)
GANGLIONEUROMA 1 (0%)

#THYROID (86) (246)
FOLLICULAR-CELL ADENOMA 4 (5% 13 (5%)
FOLLICULAR-CELL CARCINOMA 2 2% 12 (5%)
C-CELL ADENOMA 13 (15%) 28 (11%)
C-CELL CARCINOMA 11 (13%) 24 (10%)
FIBROSARCOMA, INVASIVE 1 (0%)

#PARATHYROID (83 (229)
ADENOMA, NOS 6 (%) 4 (2%)
C-CELL CARCINOMA, INVASIVE 1 (1%

#PANCREATIC ISLETS (86) (247
ISLET-CELL ADENOMA 6 (7%) 18 (71%)
ISLET-CELL CARCINOMA 3 3% 14 (6%)

REPRODUCTIVE SYSTEM

*MAMMARY GLAND (88) (250)
ADENOMA, NOS 3 (1%
ADENOCARCINOMA, NOS 3 3%

PAPILLARY ADENOMA 1 (0%)
PAPILLARY CYSTADENOMA, NOS 1 (0%)
FIBROADENOMA 11 (13%) 27 (11%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued)

CONTROL (UNTR) SHORT RANGE
REPRODUCTIVE SYSTEM (Continued)

*PREPUTIAL GLAND (88) (250)
CARCINOMA, NOS 4 (5%) 8 (3%)
SQUAMOUS CELL CARCINOMA 2 (2%) 5 (2%)
ADENOMA, NOS 1 0%
KERATOACANTHOMA 1 (0%)

#PROSTATE 87 (247)
ADENOMA, NOS 2 (1%)

#TESTIS (87) (246)
INTERSTITIAL-CELL TUMOR 81 (93%) 238 (97%)
INTERSTITIAL-CELL TUMOR, MALIGNANT 1 (0%)

*EPIDIDYMIS (88) (250)
MESOTHELIOMA, INVASIVE 1 (1%) 2 (1%

*SCROTUM (88) (250)
MESOTHELIOMA, INVASIVE 1 (1%) 2 (1%)

NERVOUS SYSTEM

#CEREBRUM (88) (248)
ASTROCYTOMA 2 (2%) 3 (1%)

#BRAIN (88) (248)
CARCINOMA, NOS, INVASIVE 1 (0%)

#CEREBELLUM (88) (248)
ASTROCYTOMA 2 2%) 2 (1%

SPECIAL SENSE ORGANS

*HARDERIAN GLAND 88) (250)
CARCINOMA,NOS 1 (1%)

*ZYMBAL GLAND (88) (250)
SQUAMOUS CELL PAPILLOMA 1 A% 1 (0%)
SQUAMOUS CELL CARCINOMA 4 (5%) 4 2%)

MUSCULOSKELETAL SYSTEM

*SKULL (88) (250)
OSTEOSARCOMA 1 (0%)

*MANDIBLE (88) (250)
SQUAMOUS CELL CARCINOMA,INVASIVE 1 (1%)

*LUMBAR VERTEBRA (88) (250)
LIPOSARCOMA 1 (0%)
LIPOSARCOMA, INVASIVE 1 (0%)

*SACRUM (88) (250)
LIPOSARCOMA, INVASIVE 1 (0%)

*STERNUM (88) (250)
OSTEOSARCOMA 1 (1%)

*RIB (88) (250)
OSTEOSARCOMA 1 (1%)

*FEMUR (88) (250)
OSTEOSARCOMA 1 (0%)

BODY CAVITIES

*MEDIASTINUM (88) (250)
ALVEOLAR/BRONCHIOLAR CARCINOMA, INVASIVE 1 (0%)
FIBROSARCOMA, INVASIVE 1 (0%)

*ABDOMINAL CAVITY (88) (250)
PHEOCHROMOCYTOMA, METASTATIC 1 (0%)

*MESENTERY (88) (250)
FIBROSARCOMA 1 (0%)
MESOTHELIOMA, MALIGNANT 1
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TABLE Al, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued)

CONTROL (UNTR) SHORT RANGE
BODY CAVITIES (Continued)
*TUNICA VAGINALIS (88) (250)
MESOTHELIOMA, MALIGNANT 2 (2%) 14 (6%)
ALLOTHER SYSTEMS
*MULTIPLE ORGANS (88) (250)
CARCINOMA, NOS, INVASIVE 1 (1%)
SQUAMOUS CELL CARCINOMA, INVASIVE 1 (0%)
C-CELL CARCINOMA, METASTATIC 1 (0%
PHEOCHROMOCYTOMA, METASTATIC 1 (1%)
FIBROSARCOMA, INVASIVE 1 (0%)
FIBROUS HISTIOCYTOMA, METASTATIC 1 (1%)
MESOTHELIOMA, INVASIVE 1 (1%) 13 (56%)
OSTEOSARCOMA, METASTATIC 1 (1%)
ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 88 250
NATURAL DEATH®@ 13 43
MORIBUND SACRIFICE 63 181
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 9 26
DOSING ACCIDENT
ACCIDENTALLY KILLED, NDA 3
ACCIDENTALLY KILLED, NOS
ANIMAL MISSING
ANIMAL MISSEXED
OTHER CASES
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORS** 85 248
TOTAL PRIMARY TUMORS 315 847
TOTAL ANIMALS WITH BENIGN TUMORS 82 244
TOTAL BENIGN TUMORS 197 552
TOTAL ANIMALS WITH MALIGNANT TUMORS 7 199
TOTAL MALIGNANT TUMORS 106 278
TOTAL ANIMALS WITH SECONDARY TUMORS# # 7 40
TOTAL SECONDARY TUMORS 12 59
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT 12 17
TOTAL UNCERTAIN TUMORS 12 17
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

* NUMBER OF ANIMALS NECROPSIED

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
@ INCLUDES AUTOLYZED ANIMALS
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS

CONTROL (UNTR) SHORT RANGE
ANIMALS INITIALLY IN STUDY 88 250
ANIMALS NECROPSIED 88 250
ANIMALS EXAMINED HISTOPATHOLOGICALLY 87 245
INTEGUMENTARY SYSTEM
*SKIN (88) (250)
SQUAMOUS CELL PAPILLOMA 1 (1%) 4 (2%)
SQUAMOUS CELL CARCINOMA 1 (1%) 5 (2%)
BASAL.CELL TUMOR 1 (0%
BASAL-CELL CARCINOMA 1 (1%)
TRICHOEPITHELIOMA 1 (0%)
KERATOACANTHOMA 2 (2%) 2 (1%)
FIBROSARCOMA 1 (0%)
*SUBCUT TISSUE (88) (250)
SQUAMOUS CELL CARCINOMA, INVASIVE 2 (2%
FIBROMA 1 (1%) 3 (1%)
FIBROSARCOMA 2 (2%) 3 (%)
LIPOMA 1 (1%) 1 (0%)
LIPOSARCOMA 1 (1%)
OSTEOSARCOMA 1 (0%)
NEUROFIBROMA 1 (0%)
RESPIRATORY SYSTEM
*NASAL TURBINATE (88) (250)
SQUAMOUS CELL CARCINOMA 1 (1%)
SQUAMOUS CELL CARCINOMA, INVASIVE 1 (0%
#TRACHEA 87 (245)
C-CELL CARCINOMA, INVASIVE 1 (0%
#LUNG (87) (245)
SQUAMOUS CELL CARCINOMA, METASTATIC 1 (1%)
ADENOCARCINOMA, NOS, METASTATIC 2 (1%)
ALVEOLAR/BRONCHIOLAR CARCINOMA 1 (1%) 1 (0%)
FOLLICULAR-CELL CARCINOMA, METASTATIC 1 (1%)
C-CELL CARCINOMA, METASTATIC 3 (1%
GRANULOSA-CELL CARCINOMA, METASTATIC 1 (0%)
PHEOCHROMOCYTOMA, METASTATIC 1 (0%)
CARCINOSARCOMA, METASTATIC 1 0%)
OSTEOSARCOMA, METASTATIC 1 (0%
HEMATOPOIETIC SYSTEM
*MULTIPLE SITES 88 (250)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (0%)
*MULTIPLE ORGANS (88) (250)
MALIG. LYMPHOMA, UNDIFFER-TYPE 1 (0%)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (1%)
MYELOMONOCYTIC LEUKEMIA 1 (0%)
MONOCYTIC LEUKEMIA 26 (30%) 99 (40%)
LEUKEMIA, MONONUCLEAR CELL 1 (1%) 1 (0%
#CERVICAL LYMPH NODE (87 (245)
C-CELL CARCINOMA, METASTATIC 2 (1%)
#MEDIASTINAL L. NODE (87 (245)
ADENOCARCINOMA, NOS, METASTATIC 1 (0%)
#RENAL LYMPH NODE (87) (245)
ADENOCARCINOMA, NOS, METASTATIC 1 (0%)
#LIVER (87) (244)
MONOCYTIC LEUKEMIA 1 (1%)
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TABLE A2, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued)

CONTROL (UNTR) SHORT RANGE
HEMATOPOIETIC SYSTEM (Continued)

#THYMUS (67 (190)
ADENOCARCINOMA, NOS 2 (1%)
TERATOMA, BENIGN 1 (1%)
MALIG. LYMPHOMA, UNDIFFER-TYPE 1 (1%)

CIRCULATORY SYSTEM

#SPLEEN (87) (245)
ANGIOMA 1 (1%)

#HEART 87) (245)
C-CELL CARCINOMA, METASTATIC 1 (0%)

#ENDOCARDIUM (87) (245)
SARCOMA, NOS 1 (1%)

DIGESTIVE SYSTEM

*ORAL MUCOUS MEMBRANE (88) (250)
SQUAMOUS CELL CARCINOMA 1 (0%

*TONGUE (88) (250)
SQUAMOUS CELL PAPILLOMA 1 (0%)
SQUAMOUS CELL CARCINOMA 1 (0%)

#SALIVARY GLAND 87 (243)
SQUAMOUS CELL CARCINOMA, INVASIVE 1 (0%)

#LIVER (8T (244)
ISLET-CELL CARCINOMA, METASTATIC 1 (0%)
NEOPLASTIC NODULE 3 3% 5 (2%)
C-CELL CARCINOMA, METASTATIC 1 (0%)
OSTEOSARCOMA, METASTATIC 1 (0%)

#PANCREAS (86) (245)
ADENOCARCINOMA, NOS 1 (1%)

ACINAR-CELL ADENOMA 1 (1%) 1 (0%)
ACINAR-CELL CARCINOMA 1 (1%)
GRANULOSA-CELL CARCINOMA, METASTATIC 1 (0%)

*PHARYNX (88) (250)
SQUAMOUS CELL CARCINOMA, INVASIVE 1 (1%)

#STOMACH (8T) (245)
CARCINOMA, NOS, METASTATIC 1 (0%)
SQUAMOUS CELL CARCINOMA 1 (0%)

#DUODENUM (87) (244)
LEIOMYOSARCOMA 2 (1%)

#JEJUNUM (8T) (244)
ADENOCA IN ADENOMATOUS POLYP 1 (0%)
MUCINOUS CYSTADENOCARCINOMA 1 (0%)
LEIOMYOMA 1 (0%)

#ILEUM (87) (244
LEIOMYOSARCOMA 1 (1%)

#CECUM (87) (244)
ADENOMATOUS POLYP,NOS 1 (1%)

#TRANSVERSE COLON (87) (244)
ADENOMATOUS POLYP,NOS 1 (0%)

#DESCENDING COLON (8T) (244)
ADENOMATOUSPOLYP, NOS 2 (1%)
LEIOMYOSARCOMA 1 (0%)

URINARY SYSTEM

#KIDNEY (87) (245)
TRANSITIONAL-CELL CARCINOMA 1 (0%)
PHEOCHROMOCYTOMA, METASTATIC 1 (0%)

#URINARY BLADDER (87) (242)
ENDOMETRIAL STROMAL SARCOMA, INVASIVE 1 (0%
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued)

CONTROL (UNTR)

SHORT RANGE

ENDOCRINE SYSTEM

#PITUITARY (87) (244)
CARCINOMA, NOS 6 (7%) 13 (6%)
ADENOMA, NOS 39 (45%) 101 (41%)
GANGLIONEUROMA 1 (0%)
NEUROFIBROSARCOMA 1 (0%)

#ADRENAL 87 (245)
CORTICAL ADENOMA 2 2%) 8 (3%
PHEOCHROMOCYTOMA 9 (10%) 38 (16%)
PHEOCHROMOCYTOMA, MALIGNANT 1 (0%)

#THYROID 87 (244)
FOLLICULAR-CELL ADENOMA 1 (1% 4 (2%)
FOLLICULAR-CELL CARCINOMA 4 (5%) 8 (3%)
C-CELL ADENOMA 11 (13%) 20 (8%)
C-CELL CARCINOMA T (8%) 21 (9%)
CARCINOSARCOMA, INVASIVE 1 (0%

#PARATHYROID (85) (222)
ADENOMA, NOS 1 (0%)

#PANCREATIC ISLETS (86) (245)
ISLET-CELL ADENOMA 2 (2%) 5 (2%)
ISLET-CELL CARCINOMA 2 (2%) 3 %)

REPRODUCTIVE SYSTEM

*MAMMARY GLAND (88) (250)
CARCINOMA, NOS 1 (1%)
ADENOMA, NOS 2 (2%) 14 (6%)
ADENOCARCINOMA, NOS 6 (7%) 19 (8%)
PAPILLARY ADENOCARCINOMA 1 (0%
PAPILLARY CYSTADENOMA, NOS 1 (1%) 5 (2%)
PAPILLARY CYSTADENOCARCINOMA, NOS 1 (1%)
FIBROSARCOMA 1 (1%) 1 (0%)
FIBROADENOMA 49 (56%) 146 (58%)

*CLITORAL GLAND (88) (250)
CARCINOMA, NOS 1 (1%) 8 (3%)
SQUAMOUS CELL PAPILLOMA 1 (0%)
SQUAMOUS CELL CARCINOMA 1 (1%) 9 (4%)
ADENOMA, NOS 1 (1%) 1 (0%)
KERATOACANTHOMA 4 (2%)

*VAGINA (88) (250
SQUAMOUS CELL PAPILLOMA 1 (0%

#UTERUS (8T (245)
CARCINOMA,NOS 2 (2%)
ADENOCARCINOMA, NOS 1 (0%)
ENDOMETRIAL STROMAL POLYP 15 (17%) 34 (14%)
ENDOMETRIAL STROMAL SARCOMA 4 (2%)

#CERVIX UTERI (87) (245)
CARCINOMA-IN-SITU, NOS 1 (1%) 1 (0%)
ENDOMETRIAL STROMAL SARCOMA, INVASIVE 2 (1%)

#UTERUS'ENDOMETRIUM (8T (245)
CARCINOSARCOMA 1 0%

#OVARY (87) (245)
THECOMA 2 (2%)
GRANULOSA-CELL TUMOR 1 (1%) 3 (1%)
GRANULOSA-CELL CARCINOMA 2 (1%)
MESOTHELIOMA, NOS 1 (0%)
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued)

CONTROL (UNTR) SHORT RANGE
NERVOUS SYSTEM
#CEREBRUM (87) (245)
CARCINOMA, NOS,INVASIVE 3 3» 8 (3%)
CARCINOMA, NOS, METASTATIC 1 (1%)
ASTROCYTOMA 4 (2%)
MENINGIOMA 1 (0%)
#CEREBELLUM 87 (245)
CARCINOMA, NOS, INVASIVE 2 (2%) 3 (1%)
MENINGIOMA 1 0%)
SPECIAL SENSE ORGANS
*ZYMBAL GLAND (88) (250)
SQUAMOUS CELL PAPILLOMA 1 (0%)
SQUAMOUS CELL CARCINOMA 3 3% 1 (0%)
CARCINOSARCOMA 1 (0%)
MUSCULOSKELETAL SYSTEM
*MAXILLA (88) (250)
SQUAMOUS CELL CARCINOMA, INVASIVE 1 (0%)
*SACRUM (88) (250)
OSTEOSARCOMA 1 (%)
*RIB (88) (250)
OSTEOSARCOMA 1 (0%)
*FEMUR (88) (250)
OSTEOSARCOMA 1 (0%)
BODY CAVITIES
*ABDOMINAL CAVITY (88) (250)
PHEOCHROMOCYTOMA, INVASIVE 1 (0%)
ALLOTHER SYSTEMS
*MULTIPLE ORGANS (88) (250)
CARCINOMA, NOS, INVASIVE 1 (1%)
SQUAMOUS CELL CARCINOMA, INVASIVE 2 (2%) 1 (0%)
SARCOMA, NOS, INVASIVE 1 (1%)
SARCOMA, NOS, METASTATIC 1 (1%)
CHEEK
SQUAMOUS CELL CARCINOMA, INVASIVE 1
LEG
OSTEOSARCOMA 1
ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 88 250
NATURAL DEATH@ 10 31
MORIBUND SACRIFICE 69 194
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 9 25

DOSING ACCIDENT
ACCIDENTALLY KILLED, NDA
ACCIDENTALLY KILLED, NOS
ANIMAL MISSING

ANIMAL MISSEXED

OTHER CASES
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued)

CONTROL (UNTR)

SHORT RANGE

TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORS**
TOTAL PRIMARY TUMORS

TOTAL ANIMALS WITH BENIGN TUMORS
TOTAL BENIGN TUMORS

TOTAL ANIMALS WITH MALIGNANT TUMORS
TOTAL MALIGNANT TUMORS

TOTAL ANIMALS WITH SECONDARY TUMORS##
TOTAL SECONDARY TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-

BENIGN OR MALIGNANT
TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-

PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

86
224
75
142
52
78
11
17

239
644
212
405
177
230

30

41

*NUMBER OF ANIMALS NECROPSIED

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN

@ INCLUDES AUTOLYZED ANIMALS
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL

ANTHAC 1 1 L ]
NUMBER : s [ [ [ ? z 4
1 1
$TUDY 2] 31 2] 2} 2 30 3f 1] 3} 31 2] ¢ 313 )
2l 11 21 81 5 20 20 61 71 21 21 9 212 i ! 2 . : : g
m:m
+ L A I T I ST U ST T T S T Y ¢ 4+ + N
SQUAHOUS CEI.I. PAPILLOHA X
BASAL-CELL C I X X
K!RATOACANTHO X X
FIBROUS HISTIOCYTOMA, MALIGNANT
suucurmzous TISSUE T S S R SR T A T T T T S R S S T T T T S S S ']
S CELL CARCINOMA, INVASIVE
FIIROHA - R X
F!IROSAICOHA ® X
LIPOSARCOMA
nEEANO!OP!thYTom. MALIGNANT
NEUROFIBROSARCOMA X
RESPINATORY SYSTEM
Lun:g AND‘IRONC 1 WETASTATIC LR Y R TR R TR TN RN 2K R T T S REE R A SRR R SRR I R I )
ALVEBLARIIIONCHIOI.AI CARCINOMA
TRACHEA LR R I 2 I I IR K T I IR 2T IR I N O I I
AEMATOPOYETIC SYSTEN
BONE MARROW [} 2 ¢ LIS S S N SN ) [3 3
SPLEEN + L) IR I T Y L T T T R S ) +
HEMANGIOSARCOMA X
LYMPH NODES LR T K AN T DN K R I R T Y Y IEE U TR TR TR Y S Y T R A
MESOTHELIOMA, METASTATIC s
THYMUS LI T T T 2K DK 2NE 2R Y T S T TN DN Y 2 2 T R T TN IR R )
‘ P
HEART LR S R S T T Y S Y S B R T Y B S K I R T S S Y )
DIGESTIVE SYSTEN
SALIVARY GLAND LU ST N R S S S R S S SR TR TR T NN NN ST NN NN SR SRR SUE W
LI ER LI K B IR 2 I ) L * * * *
NEOPLASTIC NODULE 4 b -
HEPATOCELLULAR CARCINOMA X - -
MONOCYTIC LEUKEMIA
BILE DUCT I SR SR NN S S ) UEEE S NN SN SN S NN S SN NN SR NEE N SR 3R K )
GALLBLADDER & COMMON BILE DUCT | N M N ¢ N N M N N N N N N N N W M N N N N N K N N
PANCREAS LN Y I LK TR S S T 2 R Y TR T Y Y SR I R
ACINAR-CELL ADENOMA
ESOPHAGUS U IR S T T CEEE TR S S SR NS NN S NN S S CNEE MR SR .
STOMACH + + L LI SR ' o+ + 9 LN S |
SQUAMOUS CELL PAPILLOMA
SMALL INTESTINE LR T R S K T Y T ST T I R I T S IR S S 2
MUCINOUS CYSTADENOCARCINOMA
LARGE INTESTINE L3R TR T S T T TR R T TR ST R SRR T S R A R
LEIOMYOSARCOMA .
URINARY SYSTER
KIDNEY LR TR TR SN T R T TR S Y K I Y T TR TEE 2EE R T R Y B R
TUBULAR-CELL ADENOMA
TUBULAR~CELL ADENCCARCINGMA . 4
MIXED TUMOR, MALIGNANT L] X .
URINARY BLADDER L B L E e e et et e e e et e et
TRANSITIONAL~CELL PAPILLOMA :
43 TISSUE EXAMINED ED MICROSCOPICALLY 1 NO TISSUE INFORMATION SUBMITTED ]
=t REQUIRED TISSUE NOT EXAMINED MICROSCOPICALLY €3 NECROPSY, NO HISTOLOGY DUE TO PROTOCOL
X: TUMOR INCIDENCE At AUTOLYSIS
N: NECROPSY, NO AUTOLYSIS, NO MICROSCOPIC EXAMINATION M:  ANIMAL MISSING
$:  ANIMAL MIS-SEXED B: NO NECROPSY PERFORMED
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIFAT H 3 3 H H S H]
NUMBER 5( 51 3 bl & 6 7
517 1

3
]

N caf—e LY

STUDY

PN b 5

Y N\ ot Un O
o

Nu-—b’l‘

[~ L =3 O~ A

o L =0~

3
?
3
1
2
2

o r o o un
TR T

- 0t J

o & oo
»

fo & Ofu on

- —to

1
3
2

Nadad
fo o
[~ s
wiv]
N =
ek d

1 [
$ -]

ENDOCRINE SYSTEM

PITULITARY
CARCINOMA,NOS
ADENOMA, NOS

+
+
+
+
+
+
+*
+
+*
+
+*
+
]
+
+
+
+
+
+
+
+
+
+
+

XX+ XK &
+
+
+
+
+
+
+

o+
X+
x
»
»x+

DRENAL
PHEOCHROMOCYTOMA
PHEOCHROMOCYTOMA, MALIGNANT X

X+
+
+*
*
+
+
-+
+
.
+
-+
+
+
+*
+*
+*
e

THYROID
FOLLICULAR-CELL ADENOMA
FOLLICULAR-CELL CARCINOMA X

C-CELL ADENG| X x
S-EELL EARCTNOMA X X . X x %

PARATHYROID [ A N S Y SR T 2 DR I TR D REE T R R 2R I I
ADENOMA, NOS X X
C-CELL CARC!NOHA. INVASIVE

PANCREATIC ISLETS +
ISLET-CELL ADENOMA
ISLET-CELL CARCINGMA

WEPROBUCTIVE SYSTEM
MAMMARY G

AND
ADENOCARCINQHA. NOS
FIBROADENOMA

X+

+

PROSTATE
PREPUTIAL/CLITOIAL GLAND
CARCINOMA
SQUAMOUS CEL L CARCINOMA

EPIDIDYM
HESOTHELIOHA. INVASIVE

NERVO Y

Zx I+ P<+ P<C +

TESTIS +
INTERSTITIAL-CELL TUMOR X

+

N

z l+ o
z |+ peco
z Jv e
x |+ rf
K

z |+ ¢+
x [+ Pco
= |+ pce
z |+ e

+

+

+
z |+ P+

z P = |+ P+ X+

x [+ K+
Xx 1+ Ko
X j¢ P<o
= |+ Pe+
xz v P
= |+ pece+
x |+ P+

Xz
x
x
x
x
x
=
x
x

X+
.3

BRAIN
ASTROCYTOMA
SPECTAL SENSE ORGANS

HARDEI!AN GLAND N N N BN N N N N NN NNMNNMNNNNNNNNMNNNWN
CARGINOMA, NOS
FIBROUS HISTIOCYTOMA, MALIGNANT

ZYMBAL'S GLAND A N T I T B SR R 2 T I R I I I I A A

SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA

MOSCULOSKELETAL SYSTEN

BONE
SQUAMOUS CELL CARCINOMA, INVASIVE
OSTEQSARCOMA

BODY CAVITIES

TUNICA VAGINALIS
MESOTHELIOMA, MALIGNANT

LT GTHER SYSTEMS

MULTIPLE QRGANS NOS N N N N N N N N N N NN N N NNNNMNNNNNNN
CARCINOMA, NOS, INVASIVE
PHEOCHROMOCYTOMA, METASTATIC
FIBROUS HISTIOCYTOMA, MALIGNANT
FIBROUS HISTIOCYTOMA, METASTATIC
MESOTHELIOMA, INVASIVE
0STEQOSARCOMA, METASTATIC
MALIG.(YMPHOMA, LYMPHOCYTIC TYPE
MALIG.LYMPHOMA, H!STIOCYTIC TYPE X
HYELOHONOCYTIC LE MIA
MONOCYTIC LEUKEM X X X X X X X X X
LEUKENIA,HUNONUCLEAR CELL

SCROTUM NOS
MESOTHELIOMA, INVASIVE X

x+
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)
[ ) o ) L
NUMBER 7 AERANR NN L [ ] 9 A
1 1 ‘
|
STUDY 11 21 0] 3] 9| 21 ¢ 2l 31 11 2} 0] 2 3 2] 31 91 2| 2 0
g1 8] 91 4 Al 2 $L 20 0l {1 21 &/ 41 2 91 21 81 619 g ? /]
SKIN LI I 2 2 I T R R T D TR T T 2 T T TN TR T S T S
SQUAMOUS CELL PAPILLOMA
BASAL=CELL CARCINOMA X
KERATOACANTHOMA % X
PIBROUS HISTIOCYTOMA, MALIONANT
SUBCUTANEOUS TISSU LI I LI T T I R LI I N R R T I * o+
SAUAMOUS CELL CARCINOMA, INVASIVE
FIBROMA X % X X X H X
FIBROSARCOMA X X
LIPOSARCOMA
HEMANGIOPERICYTOMA, MALIONANT
NEURGFEIDRONA
MNEURQFIDROBARCOMA
YICFINITINY SvsTeT
LUNGS AND BRONCHI LI I T R R N O L I R R TR S T R R ] LI IR I N
CARCINOMA, NOS, METASTATIC
ALVEQOLAR/BRONCHIOLAR CARCINOMA 2
TRACHEA LI T T R I D I DR R R I TR T T TR I T T T SR I R
FEFAYOFUIETIC STSTIN
BOME MARROW LI N N N T S N N T T N SN W N N W ST N YERT SN WEE N N
SPLEEN L2 I A A 2 I R R DR Y IR 2 T R T D R TR B + 0+
HENANGTOSARCOMA
LYMPH NODES [ S T L I R D R N R R 2R I T D T T I A )
MESOTHELIOMA, METASTATIC X
THYMUS LR IR I I D D T R TR R I 2 R T T TR T T T
/ NOS
HEART [N I I S I T DT D T IR T R 2R T T R R T T Y S R
BSISESTIVE SYSTEM
SALIVARY GLAND IR T N L T T T S T N T T N . .
LIVER L I I T T N I I T B N 2 I T R T R R T R 2 )
NEOPLASTIC NODULE X X X X X
HEPATOCELLULAR CARCINOMA . .
MONOCYTIC LEUKEMIA
BILE DUCT LR N T T ST R S TR SRR TR T T S N . SR NN N NN S S N N
GALLBLADDER & COMMON BILE DUCY NN N N N N N MH N N N N N N N N N + K N N N N N N
PANCREAS L TR T S S T T T S T S S S R T T T T T B
ACINAR-CELL ADENOMA X X
ESOPHAGUS LR SN SR T S ST SN SR NS SN RN NS NN S NN SRR S N S S N )
STOMACH LR D T T T T IR T T R Y R R I T T IR TR T S T T
SQUAMOUS CELL PAPILLOMA
SMALL INTESTINE LI A 2 T T T T Y T I K T T T S T S I T T I T
MUCINOUS CYSTADENOCARCINOMA
LARGE INTESTINE . L T T T T T R R T T I R T S O T T
LEIOMYOSARCOMA
URINARY SYSTEM

o+

KIDNEY

TUBULAR-CELL ADENOMA
TUBULAR=CELL ADENOCARCINOMA
MIXED TUMOR, MALIGNANT

URINARY BLADDER LR I I I I I R 2 T I D DR BT DR R T R R R
TRANSITIONAL-CELL PAPILLOMA
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIRAL
NUMBER

8| 8 ¢

STUDY

e TR

g B <2 L

fo o jor ~a 1

N L

00 @ 08 ~un

00 20 4 4

———

e

=

[0

O D —afe B N

3
2

ERDUCRINE SYSTER

PITUITARY
CARCINOMA,NOS
ADENOMA, NOS

ADRENAL
PHEQCHROMOCYTOMA
PHEOCHROMOCYTOMA, MALIGNANT

+

< +

+

pc  +
pc  +

X+

X+

*
-
+

Xe PC &
+
+
+

X+
o+
>

THYROID
FQ AR-CELL ADENOMA
AR=CELL CARCINGMA
c DENQMA

C-GELL CARCINOMA

PARATHYRGID
ADENOMA, NOS
~CELL CARCINGMA, INVASIVE

X+

+

NCREATIC ISLETS
ngT-CELL ADENQMA

¢
1
ISLET-CELL CARCINOMA

REPROBUCTIVE SYSTEN

MAMMARY GLAND
ADENQCARCINOMA, NOS
FIBROADENOMA

+
+
+

TESTIS
INTERSTITIAL-CELL TUMOR

PROSTATE

PREPUTIAL/CLITORAL GLAND
CARCINOMA, N
$QUAMOUS CELL CARCINOMA

z J+ P+

= |+ ro
z J¢ P+

x i+ PXK+

x |+ K+

Z v X+

= + pC +

x v PpCo

z {e X+

Z e K+

z |+ Pco
z |¢ pco
z [+ Pc+
z |+ oo
= i+ k"
z l¢ pco
= |+ L(‘-
z |+ pco Pexe
z | Lo
x | PC +
x j+ pcs

EPIDIDYMIS
MESOTHELIOMA, INVASIVE

=z
=
x
=
z=
3
x
=z
x
x
x

NERVOUS SYSTEM

BRAIN
ASTROCYTOMA

X+

SFECTAL SENSE ORGANS

HARDERIAN GLAND
CARCINOMA,NOS
FIBROUS HISTIOCYTOMA, MALIGNANT

ZYMBAL'S GLAND
SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA

MUSCUTOSRELETAL SYSTEM,

BONE
SQUAMOUS CELL CARCINOMA, INVASIVE
0STEOSARCOMA

BODY CAVITIES

TUNICA VAGINALIS
MESOTHELIOMA, MALIGNANT

x+

AR CELL

Z P IZLCBT
a - 00X TIX>O

[,
=1

E MA, JINVASIVE
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANTMAL 31 61 6] o1 &1 6] &1 6] 6] 6] oI & 6 6] &1 &1 6 6 6f 61 6 [
NUMBER 91 of of of of of o] o] of of of of ] | 8| of of of of 0] 1 et é
91 9 21 31 63 st 61 71 81 o of | 21 31 ¢| s| &1 72| &1 9 11 2
\TAb o) g 1) of 17 v o o 11 1| s ¥ s o] 1| @[ 4 [
STUDY 2 v 3F 71 20 2f 31 3| 31 2f 81 9t 2f ol 27 3| 21 21 2| 1| of o| 9 2] ¢
Y v gl &l 61 1 91 51 ol 7] 72| 2t &1 %] ot of ot 21 24 of 8] 0! 8| S| S1 o
SKIN N + + & + & & + + + & & % ¢+ & + & 2 + & & % + ¢+ 2
SQUAMOUS CELL PAPILLOMA
BASAL-CELL CARCINOHA
KERATOACANTHO
FIBROUS HISTIOCYTOMA. MALIGNANT
SUBCUTANEOUS TISSUE N o+ ¢ 2 + 2 % 4+ + 3+ + 2 + 4+ 3+ % 4+ 3+ % + ¢+ %+ + + 3
gUR 0US CELL CARCINOMA, INVASIVE x % X
FI!RUSARCOHA x
HEMANGIOPERICYTOHA. MALIGNANT
NEURQFIBROMA
NEUROFIBROSARCOMA X
RESPIRATORY SYSIEM
LUNGS AND BRONCHI L I R R N I I R T T T T T I T S
CARCINOMA, Mos. METASTATIC X
ALVEOLAR/BRONCHIOLAR CARCINOMA X
TRACHEA L A S O I IR S I T DT DT I T T T A I R
HEMATOPOIETIT SYSTEM
BONE MARROW LI SR IR N SR S R I N T K ST R NN SR SN TN NEY ST SN S )

SPLEEN
HEMANGIOSARCOMA

LYMPH NODES L2 A IR I 2 I TR D T T Y I Y TR I S T TR TR T T T Y

MESOTHELIOMA, METASTATIC .

THYMUS (AR I I I I I IR R IR 2 D T TR ST U TR T TR T T
CIRCULATORY SYSTEM

HEART LR IR S L I I I R 2 T T T R R R R T A N
DIGESTIVE SYSTEM

SALIVARY GLAND . LI SR N S M SR L N R NN NN R N R ST S N SR TR U T S ST S

LIVER L T e I I N R R S S A

NEOPLASTIC NODULE X X X

HEPATOCELLULAR CARCINOMA X N
MONOCYTIC LEUKEMIA
BILE DUCT LI TR SR SN S LR T TR SRR SR T SN T R S + ¢+ 3 3+
GALLBLADDER & COMMON BILE DUCT NN N N N N N N N N N N N N N N NN N N N N NN
PANCREAS L S S Y L T I I I I I 2 T T T T T
ACINAR-CELL ADENCMA X X X X X
ESOPHAGUS AR NN SR B N N I T N S KN I R TR T R NN Y S
STOMACH LR IR I T I I DT D T DT S U T T T T S S S SR T
SQUAMOUS CELL PAPILLOMA : X
SMALL INTESTINE LR B B I T T I D T T TR T S TN R T S N SR ST ST S S S
MUCINOUS CYSTADENOCARCINOMA X
LARGE INTESTINE L A 2 I T D R T R S O D T TR T TR ST T ST S S Y
LEIOMYOSARCOMA . X

URINARY SYSTEM
KIDNEY L N T I I I D DR R I I I D R T T R R T S 1

TUBULAR-CELL ADENOMA
TUBULAR=-CELL ADENOCARCINOMA
MIXED TUMOR, MALIGNANT

URINARY BLADDER L e I I I I 2 T T T O R 2T SR T
TRANSITIONAL-CELL PAPILLOMA
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

“ANIMAL
NUMBER

b
L

STUDY

PN oD

[ = —jo o o

ot e

- trod

N Ood

dai LT

el

Nw v

o RS 300 © 0N

Lo~ 00

0 ofor - o

Lo 89 —f— — 0N

e s X

o rs ~fra o o

e 00

fo 19 fit =

o = ~jo» — o

08 £ ol - O

N Gt el e N
PO AR — OV
O \) e O e O
08 D =t = N

EN NE 8Y

PITUITARY
CARCINOMA,NOS
ADENOMA, NOS

ADRENAL
PHEQOCHROMOCYTOMA
PHEOCHROMOCYTOMA, MALIGNANT

+

+*

L d

lor ki o oy

+

+

+

+

+*
+
+
+
+
+*
>
+*
+
+
-

X+

K+

X+

x+

L J
+*
*
*
+*
>
*
+
*
+*
X+

THYROID
FOLLICULAR~CELL ADENOMA
FOLLICULAR=CELL CARCINOMA
C-CELL ADENOMA
C-CELL CARCINOMA

PARATHYROIB
ADE NOS
CELL CARC!NOHA. INVASIVE

PANCREATIC ISLETS
ISLET-CELL ADENOMA
ISLET-CELL CARCINOMA

X+

X+

+ bt + Ppec

REPROBUCTIVE SYSTEW
MAMMARY QLA
ADENOCARGINOMA, NOS
FIBROADENOMA
TESTIS
INTERSTITIAL-CELL TUMOR

PROSTATE

L d

+

+

+

X+
>

PREPUTIAL/CL!TORAL GLAND
CARCINOM
SOUAHDUS CELL CARCINOMA

EPIDIDYMIS
MESOTHELIOMA, INVASIVE

x j+ P+

z [+ P+

xz e P+ PC ¢

z ¢ o

Z i+ K+ DX &

z ¢ P<r

XZ j+ K+ KX +

xz e P+

XX ¢ Pt+ P <+

x v K+

z o e

z4r<4-
z i+ PKH+

z je PCo

z |+ P+
z fe pco
z |+ peo

b< +
z b P

+

=z fe P+
x [+ P+
x |+ Pco
E j+ PO

Zz b¢ X |+

RERVOUS SYSTER

BRAIN
ASTROCYTOMA

o+

+

SPECTAL SENSE ORGANS

HARDERIAN GLAND
CARCINOMA,NOS
FIBROUS H!ST!OCYTOHA. MALIGNANT

ZYMBAL'S GLAND
SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA

xx

*

FUSTUTOSKELETAT SYSTEN

BONE
SQUAMOUS CELL CARCINOMA, INVASIVE
0STEOSARCOMA

B0DY CAVITIES

TUNICA VAGINALIS
MESOTHELIOMA, MALIGNANT

AT OTHER SYSTEMS

MULTIPLE ORGANS NOS
CARCINOMA, NOS, INVAS !V
PHEOCHROMOCYTOMA, METASTATIC
FIBROUS HISTIOCYTOMA, HALIGNANT
FIBROUS HISTIOCYTOMA, METASTATIC
MESOTHELIOMA, INVASIVE
OSTEOSARCOMA, METASTATIC
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE
MALIG.LYMPHOMA, HISTIOCYTIC TYPE
MYELOMONQCYTIC LEUKEMIA
MONOCYTIC LEUKEMIA
LEUKEMIA,MONONUCLEAR CELL

SCROTUM_NOS
NYASIVE
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANTFAL [y [ 1 [}
NUMBER 2 2] 2| 2 3| 313 3
[ -] 2 () TOTAL
1 ] \ TISSUES
sSTUDY 3 31 21 31 31 3| | 3] 31 31 1| o TUMORS
1 8l 61 21 21 81 71 7 21 S
TRTEGUMENTARY SYSTEN
SKIN + L ‘- L S N T Y S 8%
SQUAMOUS CELL PAPILLOMA 1
BASAL-CELL CARCINOMA 3
KERATOACANTHOMA X 5
FIBROUS HISTIOCYTOMA, MALIGNANT X, 2
SUBCUTANEOUS TISSUE + L R S I I 38%
SQUAMOUS CELL CARCINOMA, INVASIVE 1
FIBROMA 13
Fuausucom 3
LIPOSARCOMA 1
HEHANGIOPERICYTQ"A. MAL IGNANT X 1
NEUROFIBROM X 1
NEURUFIBROSARCOM X 3
RESPIRATORY SYSTEHW
LUNGS AND BROMNCHI + L R R I T T S S T S 1]
CARCINOMA, NOS, METASTATIC 1
ALVEOLAR/BRONCHIOLAR CARCINOMA 2
TRACHEA * L A T T R TR T I Y 87
HEFATOPOYETIC SYSTEM
BONE MARROW 4 LI K SR S N TR T I (-1
SPLEEN + LR T T S IR T B R 88
HEMAHGIOSARCOMA X 2
LYMPM NODES + L S T T R S S S T 'Y 88
MESOTHELIOMA, METASTATIC 1
THYMUS + LI TN TR R Y 2 2 R R T 76
ADFHOCARCINGMA S X L
ULATORY SYSTEM
HEART + LI T T T R T ST SR S S Y 88
BYGESTIVE SYSTEM
SALIVARY GLAND 4 LR SR SR S SR ST SN SR S SR 27
LIVER + + 4 CIEE T S IR T (.13
NEOPLASTIC NODULE X X 12
HEPATOCELLULAR CARCINOMA X N 3
MONOCYTIC LEUKEMIA X 1
BILE DUCT + LI S S S Y [ SR F1.
GALLBLADDER & COMMON BILE DUCT N NN R N N N N N N NN a8
PANCREAS + ¢+ @ + o+ 4 + -+ 36
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)

449 HRIR!
e i

-
Ove
.re

—

»

xe

el
13

r!&!euun-i RLL caRCINONA.  DNvASE
AL AT e RN R RN NN RN NN RN RN NN KN
§eUARGUS SELL canezwoma
HENTYOPUTETIC SYSTEN

AONE MARRON L I I T S A A B I I R I I Y Y I N B I AR
LIPOSARCOMA, INVASIVE

SPLESN [N I I B N A IR R I N B A
metunxm. PETASTATIC
HEMANGIOPA
nmmusnm
ALIO.LYMPHOMA, HISTIOCYTIC TYPR X

LYMPM_NODES
CARCINOMA, NOS, METASTATIC
SQUAMOUS CELL CARCINOMA, METASTAT
C=CELL CARCINOMA, METASTAT
INTERSTITIAL=C II. Wﬂﬂl. METASTAT
SARCOMA, NOS, INVASIVE -
FIBROSARCONA, INVASIVE X
MESOTHELIOMA, METASTATIC

THYNUS D IR T T YT T T S Y ST Y ST ST R Y O R Y I S
CARCINGNA, NOS
TIRCICATORY IVITIN

HEARY L T T N S N B R T R R IR IR I ¢ & 8 4 0 b
MICIMAM!. I

FISRASAREOmA, AETASTATIC x

STINITIVE YYSTEN

ORAL cAVITY NN NN N NN N W N K NN NNNNNAN NN
SAUARGUS CELL PAPILLOMA

SALIVARY QLAND D T T Y T A T S S A A K I I ) LI B
ghlcﬂﬂhl"

TIROSARCORA b4

L=V' 16 %l LI I I T I K IR I T I I K K O IR ;oe;o;o
¢ ““Mi Gm TATIC

-

Sﬂ“ne gnas m"{!;

.l gl OMA o A"G

NGGYE URTNIA

L8 DUCY PRI PSR T Y 28 PYRC YO S T TN 3 s 2t
GALLOLABRER & COMMON DILE DUST Mo e NN N N N N N N M N N N N NN
!:nz'l‘lal a . o;o'oooooo LI I I I A A [

-

Afkio" roms, ‘TIATSA

||en|nu| S8 8 & 4 b b b 3 o 3 & & o o b 5 o 4 3 B8 ¢ 5 o

CAR fn A= [N ;
i

L)
$MALL INT L I I I A I N I T DY T D T DR R DA DR I I 2
AD‘IIOHM”B PSI.W. nos
LAI’IIN"ITINI L O I T I R O D T T S R R - B Y I A 4
ADENOMATOUS POLYP, NOS x

LIPOMA

LEIoMYOSARCORA
RECTUN LN S T Y SRR S ST S S 2 I N T T T I DR T TN IR Y
LEICMYOSARCOMA, INVASIVE

Chrysotile Asbestos, NTP TR 295 88



TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued) .
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE HRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE

(Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT- RANGE (Continued)
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL

ANIMAL 6f 61 61 6F 6 6] 61 6] 6] o 61 6] 61 6 6 6) 6 6] &
NUMBER St 3} 31 af &1 &) & 4| 4] &1 6| ¢| &f 5 51 5t 51 St 51 s 51 6| 6
21 81 9t op 14 21 31 &3 5] 61 7] 81 91 0f 1! 2 41 St 61 7 gi 1
BB I I I 1 I L B R R B o 1 17t
STUDY o 3| 81 2| &4f of 1§ 34 21 91 | &y of of of 1] & 21 3| of 2f | 3§ 1} 3
8] 21 8| 4| 5] of 61 21 14 0) ¢] of 9l 41 e 11 4] ¢ S{ 3| 11 8| o4{ 61 7
TE ENTARY M
KIN [ Y RN T 2L T T T T R T S T SR 2T T T R S T R )
SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA
BASAL-CELL CARCINOMA
KERATOACANTHOMA
SUBCUTANEOUS TISSU PR TR T T R TR T T S S S SR S T T R S S S S Y ]
SQUAMOUS CELL CARCINDHA. INVASIV
FIBROMA
FIBROSARCOMA X
LIPOMA
LIPOSARCOMA X
RESPIRATORY SYSTEM
LUNGS AND BRONCHI I A I T T R R I I T S R T D T T B R
SQUAMOUS CELL CARCINOMA, METASTA
ALVEOLAR/BRONCHIOLAR CARCINOMA X
FOLLICULAR=CELL CARCINOMA, METAS
TRACHEA R SR S SRR SR SR . SN S SN SRNE SUUE SN SN NN N N ST SR U SR NN NN
NASAL CAVIT N N N N N N N NNWMN G+ NNNHNHNNINIMNIUNNININAWNN
SQuUAMOUS cELL CARCINOMA X
HEMATOPOIETIC SYSTEN
BONE MARROW LR TR . L . SN S N K SR TN R SN NN S K NE N NN UNE. S SN NN S )
SPLEEN IR N T T I R R T T T T ST T T T ST TR T
ANGIOMA
LYMPH NODES T TR ST N S SR NN U TN SRR N ST T S S S R N N N N )
THYM! + + + + + + - + + + + + + + - - - + + + + +* + - +
A Y
HEART L A I R I ST R T T T S R T S R T IR IR IR IR R I A
SARCOMA, NOS X
DIGESTIVE SYSTEM
ORAL CAVITY N N N N N N N N N NN NN NN NMNNMNNNNNNNNNN
SQUAMOUS CELL CARCINOMA, INVASIV
SALIVARY GLAND CE SRR TE T S SN N N R D N D AL T N S . SN N NN S TN NS S )
LIVER IR I T D I I D R R D T TR I TR R Y T I I R
NEQPLASTIC NODULE X
MONOCYTIC LEUKEMIA
BILE pucTt TSR SRR ST ST T ST SRR SN SN ST SN SN R S T K SEE SR R S + ¢
GALLBLADDER & COMMON BILE DUCT N N N N N N N N N N N N N N N N N N N N N NN
PANCREAS I R R R S I 2 I I R D DR 2 T T I D TR T + 4
ADENOCARCINOMA, NOS
ACINAR-CELL ADENOMA X
ACINAR-CELL CARCINOMA —
ESOPHAGUS CSN SR SR R S ) P YT ST T YT ST ST T WY T S ST T M S S
STOMACH LN R S ST T S JNEE SR N R SRR SN SR NN R SN NN N S NS T SN R NN
SMALL INTESTINE I I e e e I T I I I I R
LEIOMYQSARCOMA X
LARGE INTESTINE FRE TS ST T T T T T T T R D T R TR T T I I I B
ADENOMATOUS POLYP, NOS
URTNARY SYSTEM
KIDMEY (R D N T . T . T R SN NN TR ST ST SN R N SN SR NN NN JUNT. S N
URINARY BLADDER [2EE SR T B A T I T I I I I I R . S I R A
+:  TISSUE EXAMINED MICROSCOPICALLY : NO TISSUE INFORMATION SUBMITTED
=t REQUIRED TISSUE NOT EXAMINED MICROSCOPICALLY C: NECROPSY, NO HISTOLOGY DUE TO PROTOCOL
X: TUMOR INCIDENCE At AUTOLYSIS
N: NECROPSY, NO AUTOLYSIS, NO MICROSCOPIC EXAMINATION M: ANIMAL MISSING
S: ANIMAL MIS-SEXED B: NO NECROPSY PERFORMED
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIMAL
NUMBER

q

[]
L3

STUDY

R

ol%]

N o & o

o ts & O

[ 8 =30 & o

N g o O

1
[}

e N —o A0 B

| o ai~d B O

o & 00 o On

D € ol s P ON

D =

]
[}

R VL
- )

[~

alad

RS

2
[l

09 o
il
[~

ERBUTRINE SYSTEN

PITUITARY
CARCINOMA, NOS
ADENOMA, NOS

L d

+*
*
+*
+
+
+
*
+

ADRENAL
CORTICAL ADENOMA
PHECCHROMOCYTOMA

*

+ K

THYROID

FOLLICULAR-CELL ADENOMA
FOLL!CULAR'C!LL CARCINOMA
C=CELL ADENOMA

C=CELL CARCINOMA

*

PARATHYROID

e PC X ¢

PANCREATIC ISLETS
ISLET-CELL ADENOMA
ISLET-CELL CARCINOMA

X+

+ e XX

+

X+

. NEPRSUUCTIVE SYSTER
MAMMARY GLAND

NOS
ADENOCARC!NOHA
PAP!LLA!Y YSTA
PAPILLARY CYSTAD!NOCA!C!NOHA.NQS
FIBROSARCOMA
FIBROADENOMA

D<K

PR!'UT!AL/CLITOIAL GLAND
CARCINOMA,NO

SQUAMOUS C!LL CARCINOMA
ADENOMA, NOS

UTERUS

CARCINUHA-IN-S!TU. NOS
CARCINGMA,NOS

ENDOMETRIAL STROMAL POLYP
CARCINOSARCOMA

OVARY
THECOMA

xé

BRAIN
CARCINOMA, NOS, INVASIVE
CARCINOMA, NOS, METASTATIC

TPECTAT SEWSE ORGANWS

ZYMBAL'S GLAND
SQUAMOUS CELL CARCINOMA

FUSCUTOSRELETAL SYSTEN

BONE
OSTEQSARCOMA

AT OTHER SVSTERS

HULTIPL! glﬁlgg NO:
SOUAHOUS CELL CARC!NONA. INVASIVE
SARCOMA, NOS, INVAS E
SARCOMA, NOS, HETAS
MALIG. LYHPHOHA- H!ST!OCYYIC TYPE
MONOCYTIC LEUKEMI
LEUK!H!A-HONONUCLEAR CELL

CHEEK NOS
1 JNVASIVE
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIMAL 6] 6] 6 o1 67 6] 6] 61 &1 6f of 61 61 o 6] 6] 6] 6] 6] 6] 6] 6] 6] 6] 6
NUMBER 61 61 6) 61 6) 6] 6) 61 7)1 21 2} 7)) 7)) 7y 7] 7)1 7] &) &) &) &) &) 8| 8
2. 3L 6l st 61 71 81 91 ol 1} 21 31 &1 S1 6] 21 8] 9 11 21 31 6t SIL 6
(3 11 1] 8] 1§ of ) of of vf s{ of f of o of 90 of ¢} ¢ 7 o of 0f 1} 1
STUDY 1 3] 21 24 91 1 &1 3| 31 31 8{ | 2| 8] 21 &« 9| t} 1} 1} 2} & 9 21 2
ol ol sf 31 8t &1 51 ol 61 01 of 81 2] 51 ¢t 51 ol &8t 31 o¢f 31 ¢t 3] 31 3
SKIN [ T SR TR R T T T I R I 2 I T R T Y R T R T T T
SQUAMOUS CELL PAPILLOMA X
SQUAMOUS CELL CARCINOMA
BASAL-CELL CARCINOMA
KERATOACANTHOMA X
SUBCUTANEOUS TISSUE L T R S S SR YR S T T SRR R S S T S T T R R )
SQUAMOUS CELL CARCINOMA, INVASIVE X
FIBROMA
HBRBSARCOHA X
LIPOSARCOMA
RESPIRAYORY SYSTEM
LUNGS AND BRONCHI LI Y R I T T TR R D T R N B 2R TR R T D IR T I IR IR I J
SQUAMOUS CELL CARCINOMA, METASTAT X
ALVEOLAR/BRONCHIOLAR CARCINOMA
FOLLICULAR-CELL CARCINOMA, METAST
TRACHEA PR S W SR SR NN SR SR S R R SR SR R SN BN . S R . T I . N
NASAL CAVITY NNNNNNNNNNNNNN'NNNNNNNNHNN
SQUAMOUS CELL CARCINOMA ’
HEMATOPOIETIC SYSTEN
BONE MARROW LI W SR N TR NN R S NN SR S SN K SEE JEE Y N NEE BN N N N
SPLEEN L Y Y R S T R I TR T R IR IR S D I T R R B
ANGIOMA X
LYMPH NODES LN Y VN N SN SN SN SN NN SR SR SRR TR SR . R S SR T S SR N )

EEF&H (RN VR S T T T T N W N NS N . N BN S )
[

HEART
SARCOMA, NOS

BYGESTIVE SYSTEM
ORAL CAVITY N N N N N N N N N N N N N NNNWNKNNNMNNNNNN
SQUAMOUS CELL CARCINOMA, INVASIVE X
SALIVARY GLAND LR TN VR S SRR JNNE ST ST SRR SRS SRR U S SRR K N SR SN, S I NN S N )
LIVER O T S SR S A T R R T T Y T S 2 SR ST TR I T T R
NEOPLASTIC NODULE X X
MONOCYTIC LEUKEMIA X
BILE DUCT UREE S WL S S ST SRR SN N SR S SR SR SR R S R SR S N SN SN S S
GALLBLADDER & COMMON BILE DUCT N N N N N _N N N N N N N N N N N N N N N N N N N N
PANCREAS E Y R T R TR I T D T T T ST I R 2R DR T R 4 ¢+ 0+
ADENOCARCINOMA, NOS
ACINAR-CELL ADENOMA
ACINAR-CELL CARCINOMA
ESOPHAGUS CRL N W R S SN R SEUE R SN SHER SEEE NN SR SN SR N SR N SENE S, TR . A 1
STOMACH LR T WS R SN TR SRR NN N T N R SR R N N SR K SN SR SN N SN S
SMALL INTESTINE PR T U T R S R T S T S T I S R R I R I I R
LEIOMYOSARCOMA
LARGE INTESTINE PR S S T TR T T R ST ST T I T T T TR ST S SR . T R B J
ADENOMATOUS POLYP, NOS X

URINARY SYSTEM
KIDNEY LI N WL SR SN N R N N SR SN S, S T N SR . SR T, S JUNE S . B 4
URINARY BLADDER P S S S Y 2L T R SRR I 2 R TR DR T DR I I
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANTHAC
NUMBER

[
4

RO~

[

8) 8f 8| 8] ¢

o 00

sTUDY

| —» —a 3\ O~ O

| o —afin O~ OV

ot N

o0 0 o o o

o —a = O o

R & 100 O O

o W ~fo o

O (4 oD s O]

| (4 —fe ~3 ON

|5~ O O ~3 O

00 — st ~5

NN b~ o

A 00 CRA O

ko o ~fa o)

ot o —ad OO OV

|l e o 00 O

jor N oo s 0|
o v ajor
08 <o} O

2
3

|~ &
js 0
0
Bl

ENDOCRINE SYSTEM

PITUITARY
CARCINOMA,NOS
ADENOMA, NOS

ADRENAL
CORTICAL ADENOMA
PHEQCHROMOCYTOMA

THYROID
FOLLICULAR-CELL ADENOMA
FOLLICULAR-CELL CARCINOMA
C~CELL ADENOMA

C-CELL CARCINOMA

PARATHYROID
PANCREATIC !SLETS

ISLET-CELL ADENOM
ISLET-CELL CARCINOHA

+

+

+

+

+

X+ D <+
<
<
p<
D¢

X + K+ PC o+

+
+
*
+
+
+
+*
+*
+
+
*

REFRODUCTIVE SYSTEM

MAMMARY GLAND

CARCINOMA,NOS

ADENOMA, NOS

ADENOCARCINOMA, NOS

PAPILLARY CYSTADENOMA, NOS
PAPILLARY CYSTADENOCARCINOMA,NOS
FIBROSARCOMA

FIBROADENOMA

PREPUTIAL/CLITORAL GLAND
CARCINOMA,NOS

SQUAMOUS CELL CARCINOMA
ADENOMA, NOS

UTERUS

CARCINOMA-IN-SITUY, NOS
CARCINOMA,NOS

ENDOMETRIAL STROMAL POLYP
CARCINOSARCOMA

OVARY
THECOMA
RAN

BRAIN
CARCINOMA, HNOS, INVASIVE
CARCINQMA, NOS, METASTATIC

TPECIAL SENSE OROGANS

ZYMBAL'S GLAND
SQUAMOUS CELL CARCINOMA

MUS KELETAL SY

BONE
O0STEOSARCOMA

ALL OTHER SYSTEMS

MULTIPLE ORGANS NOS

CARCINCMA, NOS, INVASIVE

SQUAMOUS CELL CARCINOMA, INVASIVE
SARCOMA, NOS, INVASIVE

SARCOI'A, HOS, METASTATIC
MALIG.LYMPHONA, HISTIOCYTIC TYPE
I"ONCCYTIC LEUKEMIA

LEUXEMIA, MONONUCLEAR CELL

CHEEX NOS
SAUAMOUS CELL CARCINOMA, INVASIVE
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANTFAT ] ¢ 8] 8] ¢ IBIBIBIBIBBIBIBIBIBIRIR
NUMBER 8| 8 8| 91 9] 9| 9] 9| 9| 9 9t 9| af of of o} o of ol of of 1 1
11 21 31 &l =) 6f 7 2l ol 11 21 31 & 6171 81 9
] I O] 5} §1 11 i1 9 IBI 7
sTuDY 10 a) t1 31 o) 1f of 2] of f] o] 1| of 2] 4| 2] 3} 9 4| of of o 4
el 2 ol of 51 s1 s{ 21 71 8} 6} 6l el of 81 3] 0l ¢ 1 sl st 3
TATEGURENTARY SVSTEH

SKIN

SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA
BASAL=CELL CARCINOMA } 4
KERATOACANTHOMA X

SUBCUTANEOUS TISSUE LN T I I I S R I 2 B A R R IR 2 U T D R D TR B R
SQUAMOUS CELL CARCINOMA, INVASIVE X

FIBROMA
FIBROSARCOMA
LIPOHA X
LIPOSARCOMA .

RESFIRATORY SYSTEW

LUNGS AND BRONCHI LR IR T A T I I T IR TR I R R 2 IR T I T R 1
SQUAMOUS CELL CARCINOMA, METASTAT

ALVEOLAR/BRONCHIOLAR CARCINOMA
FOLLICULAR-CELL CARCINOMA, METAST

TRACHEA [ I T R U R T TR N TR R SN TR N NN AR K N WY S
NASAL CAVITY N N N N N N N N N NNNN N' N N N N N N N NNNN
SQUAMOUS CELL CARCINOMA
HEMAYOPOIETIC SYSTEM

BONE MARROW LI S I S N NN T N R N R R R RER U R R R NN AR RN T
SPLEEN [N I S A R T I T I D L T T T S S R I I R
ANGIOMA

LYMPH NODES [INEE S S S SR SN S SN S NN SN NNE RN N K R NN R SR N R W

1%”1‘1“:'5-—?57? SRR SR AT SNSRI ST NET S ST SN RN SRR SR SEE ST ST S S ST ST N
CIRCULATORY 8Y M

HEART
SARCOMA, NOS

DYGESTIVE $VSTEW

ORAL CAVITY N N N N NNNNDHNNNNNHNNBMNEHNENNENNNNNN-N
SQUAMOUS CELL CARCINOMA, INVASIVE

SALIVARY GLAND LI S T SN JUNE. SN SN SR N K K N B N N NN N SN UL UK NEE NN N

LIVER
NEOPLASTIC NODULE
MONOCYTIC LEUKEMIA

BILE DUCT [N SN BN S S R SR R UL IR SR N R ST S R S N L + ¢
GALLBLADDER & COMMON BILE DUCT N N _N N N N N N N N N N N N N N N N N N N N NN
PANCREAS LR I N e I IR A I I B I T R I R 2 R Y I R

ADENOCARCINGMA, NOS
ACINAR-CELL ADENOMA
ACINAR-CELL CARCINOMA

ESOPHAGUS LI I S I D T TR T TN U N T U K T N
STOMACH LI I S T N T U S R R S N JL NN N N T T N )
SMALL INTESTINE (N N NS A I A T I A I R I I I I
LEIOMYOSARCOMA

LARGE INTESTINE LN I T I I I I T DI T IR N 20 2R TR R Y T T I 2 B
ADENOMATOUS POLYP, NOS

URTNARY SYSTEM
KIDNEY LI N S N S N S T N N R K N N R N N R I N
URINARY BLADDER L N N 2 A T BT I BT I DR N 2 I I BT R R K TR 2 I
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIMAL
NUMBER

$TUDY

[© — —=§~308 O

N & 00 00 o

>

jor 1 el 0 O

o of - w o

RS s i) O O

TE I PPy
PO RN L 0 O

[N o —hn ooy

08 s —fO O O

O o i~ 0 O

joh = e o

o w ofo v o

foN wjo o~y

kit 3 ~Jo o ~4

o it h o <o

- o —jor o 4

S O~

M © 0 © ~J

o > b0 O~

hn o <] a ~4
| o ol o ~4
hn o ohs o
0 olo -~
> P cafea

ENDUCRINE SYSTEM

PITUITARY
CARCINOMA,NOS
ADENOMA, NOS

ADRENAL
CORTICAL ADENOMA
PHEQCHROMOCYTOMA

X+

X+

+

-

+

+

+

+
+
+*
+
+
+
+
+
+
+

THYROID

FOLLICULAR-CELL ADENOMA
FOLLICULAR-CELL CARCINOMA
C=CELL ADENQOMA

C=CELL CARCINOMA

+
+ X + K+

+
+
+
+
+
+
+
+ +*
+ PpC ¢ P+
+
+

PARATHYROID

PANCREATIC ISLETS
ISLET-CELL ADENOMA
ISLET-CELL CARCINOMA

REPRODUCTIVE SYSTEM

MAMMARY GLAND
CARCINOMA,NOS
ADENOMA, NOS
ADENOCARCINOMA, NOS
PAPILLARY CYSTADENOMA NOS
PAPILLARY CYSTABENOCARCINOHA.NOS
FIBROSARCOMA
FIBROADENOMA

o

X+

PREPUTIAL/CLITORAL GLAND
CARCINOMA, NOS
SQUAMOUS CELL CARCINOMA
ADENGMA, NOS

UTERUS
CARCINOMA-IN-SITU, NOS
CARCINOMA, NOS
ENDOMETRIAL STROMAL POLYP
CARCINOSARCOMA

OVARY
THECOMA

N Y

BRAIN
CARCINOMA, NOS, INVASIVE
CARCINOMA, NOS, METASTATIC

SPECTAL SENSE ORGANS

ZYMBAL'S GLAND
SQUAMOUS CELL CARCINOMA

FUSCULOIKELETAL SYSTEN

BONE
O0STEOSARCOMA

RTT OTHER SYSTEMS

NULYIPLE ORGANS NOS

CARCINOMA, NOS, INVASIVE

SQUAMOUS CELL CARCINOMA, INVASIVE
SARCOMA, NOS, INVASIVE

SARCOMA, NOS, METASTATIC

MALIG. LYHPHOHA. HISTIQCYTIC TYPE
MONOCYTIC LEUKEMIA

LEUKEMIA, MONONUCLEAR CELL

CHEEK NOS
A 2 INVASIVE

8: MULTIPLE OCCURENCE OF MORPHOLOGY
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIMAL HERIBIBRIBIRIBIE 7 7
NUMBER Wb 1 ] o] o o o] 21 2 2] 21 2
21 31 61 81 8| 21 & [l 1] 4 TOTAL
IR I ) 1 17 TISSUES
STUDY 4+ 4| 3| 3I 21 ¢ 3| 1| o] 1] 9 TUMORS
sl of 84 81 21 318 0f 81 81 61 0
TRYESURERTARY SYSTER
SKIN St e e e e e e s a8
SQUAMOUS CELL PAPILLOMA 1
SQUAMOUS CELL CARCINDMA y
BASAL~CELL CARCINOMA 1
KERATOACANTMOMA 2
SUBCUTANEOUS TISSUE + 0+ LR TR TR 2 R Y Y R [11]
SQUAMOUS CELL CARCINOMA, INVASIVE 2
FIBROMA [
FIBROSARCOMA 2
LIPGMA 1
LIPOSARCOMA 1
TEEFIRAYONY SYETER
Lunos AND BRONCHI L T U D T T T R R 87
AMOUS CELL cancxuonA. HETASTAT 1
ALV!OLARIBRONGH!OLAR INOMA 1
FOLLICULAR-CELL CARCINOHA. METAST 1
TRACHEA IR K UK. SO, NSO T SN SO SN . S a7
NASAL CAVITY N N N NN NN NNNNNN 88x
SQUAMOUS CELL CARCINOMA 1
HEMAYOPOTETIC SYSTEM
BONE MARROW (IR 2K NN TR SR S 2K I Y IR IR K 86
SPLEEN LR IR S R T D R I I R e 87
ANGIOMA L
LYMPH NODES DR SR SR SRR SN RN SR R ST . S N 27
LI S R T S SN SR SNE R SN S £7
CIRCULAT Y
HEART [ IR T I T D IR T B 87
SARCOMA, NOS 1
GIGESTIVE SYSTEM . .
ORAL CAVITY N N N N N N N K N N N N N 38%
SQUAMOUS CELL CARCINOMA, INVASIVE 1
SALIVARY GLAND LR TR . S N . S SR S T . S ) 27
LIVER LI IR I I DR R R I I I 87
NEOPLASTIC NODULE 3
MONQCYTIC LEUKEMIA 1
BILE pucr IR S I, TN N U K N S S ___ 27
GALLBLADDER ¢ COMMON BILE DUCT N N N N N N N N N N N N N apx
PANCREAS LR S S T I DY BRI S 2 S A 2 86
ADENOCARCINOMA, NOS X 1
ACINAR-CELL ADENOMA 1
ACINAR=CELL CARCINOMA X 1
ESOPHAGUS PSR R TN UL T SN S SR SR BN SO S 87
STOMACH LI TR SR SRR UNE ST SRR SR NN S S S ) 87
SMALL INTESTINE LR N I I T I I 87
LEIOMYOSARCOMA 1
LARGE INTESTINE FOE T S T S T T S ST TR Y ) 87
ADENOMATOUS POLYP, NOS 1
URTNARY SYSTEM
KIDNEY LR RS T TR . T S I I . 37
URINARY BLADDER L I T I T I I R T 87
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIMAL HEBEIEIRIBIEIEEIBIER BRI
NUMBER 1 10 1) 1 8] 8] ) 2] 2) 2) 2] 2
21 31 &1 S| 61 71 &1 91 ol 11 21 31 & TOTAL
I I B L L I S D DA TISSUES
STUDY 61 1] | 31 31 2] &t 9 3 1} o] 1| 1 TUMORS
5 5] ol 81 5] 71 3| 8| 31 ol 5] 81 6l 0
PITUITARY CEEE I S N I T T ST SR T 87
CARCIROMA, NOS X X X 6
ADENOMA, NOS X X X 39
ADRENAL LI I R R LN A ) 87
CORTICAL ADENOMA
PHEOCHROMOCYTOMA X X X 9
THYROID LR K I 2 T T T T T R R 87
FOLLICULAR-CELL ADENOMA X 1
FDLL!CULAR-CELL CARCINOMA X 4
C-CELL ADENOMA X X 1"
C-CELL CARCINOMA X 1
PARATHYROID R T S R SN SN S N S B N I 25
PANCREATIC ISLETS R I T SR S TR T 86
ISLET-CELL ADENOMA 2
ISLET-CELL CARCINOMA 2
REPRODUCTIVE SYSTEN
MAMMARY GLAND LA 1.1
CARCINOMA, NOS 1
ADENOMA, NOS_ 2
ADENOCARCINO 6
PAPILLARY CYSTADENOHA. NOS 1
PAPILLARY CYSTADENOCARCINOMA,NOS 1
FIBROSARCOMA 1
FIBROADENOMA X X X x X X X X X 49
PRE:gTIALICLITORAL GLAND N N N N N N N N N N N NN BB:
SQUAMOUS CELL CARCINOMA 1
ADENOMA, NOS =
UTERUS LT S A I I D . R T I I 87
CARCINOHA-IN SITU, NOS 1
CARCIN 2
ENDOHETRIAL STROMAL POLYP X X X 15
CARCINOSARCOMA X [
OVARY P Y 87
THECOMA
- .1 X 1
§ 8y
BRAIN [ T TR S 2 2 I T T S I B 87
CARCINOMA, NOS, INVASIVE X X )
CARCINOMA, NOS, METASTATIC 1
FPECIAL SENSE ORGANS
ZYMBAL'S GLAND 0+ 4 4+ &+ 4+ ¢ N * 8an
SQUAMOUS CELL CARCINOMA 3
FUSCOTOSKELEYAT SYSTEN
BONE N N NN NNNNNNNNN (11
OSTEOSARCOMA 1
AL OTHER SYSTERS
MULTIPLE ORGANS NOS N N N N N NN NNNNNN asn
CARCINOMA, NOS, INVASIVE 1
SQUAMOUS CELL CARCINOMA, INVASIVE 2
SARCOMA, NOS, INVASIVE [
SARCOMA, NOS, METASTATIC 1
MALIQ.LYMPHOMA, HISTIOCYTIC TYPE 1
MONOCYTIC LEUKEMIA X X X X 26
LEUKEMIA,MONORUGLEAR CELL 1
CHEEX NOS
A INYASIVE 4

% ANIMALS NECROPSIED
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE

ANTRAL
NUMBER [

WEERE OW
stupy 2 3 2 2

fn o o . o

oo oo — of

TRTEGURERTARY SYSTEN
SKIN
QUAMOUS CELL PAPILLOMA
soumous CELL CARCINGMA x
BASAL-CELL TUMOR
THCN"?!TH!L!OM .
KERATOACANTHOMA 4
nlloulcw
SUBCUTANEOUS TISSUE LR SRS TR N 2K I NG DT T T T TN K R Y R R B IR I I I )
FIBROSARCOMA x
POMA
0STEOSARCOMA
NEUROPIBROMA
FESFIRATORY SVSTIN
LUNGS AND B HI LN BT N N 2 I T T D D DR I I R 2 I I - T D R R B R
ADENOCARCT . NOS, METASTATIC
‘":Et‘ / T0LAR CARCINOMA x

1
ORANULOSA-CEL Eincz:;on » METASTA
PNIOGHR IMOCYTOMA, ME ;: lz!

ARCOMA, META
ﬂl'!ﬁ!l COMA, METASTATI

ahd

HEA
C'Cll- L CARCIMOMA, INVASIVE

NASAL CAVITY ‘ H N M NNN N NN NNKENNNRENAENNNENENNEDDN
SQUAMDUS CELL CARCINOMA, INVASIVE

RENKTUPSTETIC SYSTEN

BONE MARROW S8 ¢ & 0 P 0 8 b b b 0 4 & b b & & o & b & 3 ¢ ¢
sPLEm S S b S S 0 4 P & b 0 0 & 4 > b o O b o o b $ O 0
LYFPH NODES [ A AR IR IR AR 2R 2R TR I I I I O I R I )
ADENOCARCINOMA. NOS, METASTATIC X

NOM
C~CELL CARCINOMA, METASTATIC

*
-
]
*
[
*
.
[}
]
-
*
*
-
*
*
-
-
o
-
*
*
-
]
*
*

THYMUS

ADENQCARCINOMA, MNOS

TERATOMA, BENIGN
MALIG.LYMPHOMA, UNDIFFER-TYPE

CYNTUTATORY STSTEN

NEART LR IR TN IR IEE K A B N R TR T REE K K T T - B DY R B BN B
C-CELL CARCINOMA, METASTATIC X

BYSESTIVE IVSTEN

ORAL CA NN NN NN NN N NN N NNNNRNNARRRN

14
SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA

SALIVARY GLAND LR I T R I I I I I B B
SQUAMOUS CELL CARCINOMA, INVASIVE

e o«

LIVER
ISLET=CELL CARCINGMA, METASTATIC

IIOPLASHCGW

C=CELL CARCINOMA, METASTATIC

OSVIOSAICW. METASTATIC

JLE DucT L ) L3 3 CINE TR SR SN TR S - R T S 3 T3]

GALLDLADDER § COMMOM BILE DUCT AN X NN NN N N MO NN N N ONONOWONHONORONN

PANCREAS ¢ v L . L A I R I B R R R R

ACINAR=CELL ADENOMA

GRANULOSA~CELL CARCINOMA, NETASTA

ES0PHAGUS ! 2 b e b b b & b b S b S 4 & b b & C 4 b b 4 9+ &
L N [ R R 2R RN I R N R IS e

e

rmcn

CARCINOMA, NOS, METASTATIC

SQUAMOUS CELL CARCINOMA

wu.tux[ LR I R T I S T T I I Y T I IR B N I

ADEMOCA IN ADEMOMATOUS POLYP

y INOUS CTITADENOCARCINOMA
’% A

LEIGMYOSARCOMA

LARGE INTESTINE PR T T S Y S S T I T R T S S I Y

ADENOMATOUS POLYP, NOS

LEIOMYDSARCOMA

ONTHARY SYSTEN

xe

KIDNEY
TRANSITIONAL=CELL CARCINOMA
PHECCHROMOCYTOMA, METASTATIC

URINARY BLADDER [ R R R I N I T I IR R I TR I R D R
ENDOMETRIAL STROMAL SARCOMA, INVA

7 TISSUN EXARINED RICRAICOPICALLY : .
5 "SouIRED TISSUE NOT EXARINED WICRG3ICOPICALLY & '35‘;"3}'5 N0 MT3TOLOGY BUE T0 PROTOCOL

§i WECROPSY, NO AUTOLYSIS. NO MICROSCOPIC EXANINATION Mt ANIMAL MISSING

$: AMIMAL MIs-3EXED 31 NG NECROPSY PERFORMED
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)

ARTAAL [ T
NUMaER 1 2| 2
WIERT oW =
stupy 4 [] HEIBIBIBIE HEIN]
7 A1 91t 2
IRBUCRINE SYSTIN
PITUITARY LR I I ] LR T IR I T Y R IR DK 2T R TN - B R B * +*
CARCINOMA, NOS x x
MA, N x X x x x X X X%
GANGL IONSUROMA
NEURGFISROSARCOMA
BRENAL LN I I IR B I TR DT DR D T I B I DK N - I R T TR TR B B
eonncu ADENOMA X
PHEOCHRONOCY' x X x

TOMA
PHEOCHROMOCYTOMA, MALIGMANT

NYRGID LR IR T N SR R T S R IR I DR I R 2 I I I R T Y R B T )
FGLI.ICIILAI-GBI.
FOLLICULAR=CELL uncxnm
S~CELL unm x X
€-CELL CARCI x x x x }
CARC. !NIARCW- INVASIVE
PARATHYROID AT SR T TS S T ST T S T TR S B T SN T T R
ADINORA, NOS
PANCRERATIC ISLETS L T I I I R T O T R Y ST Y - I R R )
ISLET-CELL ADENOMA z
- X X
mn T IR T I Y S S S A R R I R O B R S S S I I
DENCMA, x
AD!NOCA!G!IIGHA. NOS X x x X
PAPILLARY ADENGCARCINOMA
Pr:tlt:n CYSTADENONA, NOS X
FIBROADENOMA 2 X X X % X X X X X X X XX XX
nm;nw:mn Lanp : X NN N NN NN R NNNN L] = N AR R NN
SOUAMOUS CELL PAPILLOMA x
SQUAMOUS CELL CARCINOMA x
ADENOMA, N
lnnumtm
YAGINA NN RERNENET NN TR REENENENNERERNN
SQUAMOUS CELL PAPILLOMA
L I S S S A L N Y TR S A B
enc!m IN=91TU, NOS
ADENGCARCINOMA, NOS x

!NMIT TAL STROMAL PaLYP x x X
ENDORETRIAL STROMAL SARCOMA
ENDORETRIAL STROMAL SARCOMA, INVA

e

ovaRY
ORANULOSA-CEL
SRANULOSA=CEL
MESOTHELIORA,

RERVEUT IVSTER

BRAIN
CARCINOMA, NOS, INVASIVE
ASTROCYTOMA X X
MENINGIOMA

SFECYRT SERST UNGANS

TYMNBAL'S OLAND LR T S T B BEY I N IR 2 T I T TR I T O IR IR TR I R 2R e
SQUAMOUS CELL PAPILLOMA
SQUAROUS CELL CARCINOMA

L TumoR
L e:lexm

e

one
SQUAMOUS CELL CARCINOMA, INVASIVE
OSTEOSARCOMA

LY TIVITINS

PERITONEUN N N NR X B XNENENERTRXERENENENNLENNNNSNENNN
PHECCHROMOCYTORA, INVASIVE

T TYRERIVITING

ml.ﬂ!ll S17E3 NOS
LYMPHOMA, NISTIOCYTIC TYPR

mlfllllﬂlulilﬂl NN NN NRENNENENNERENENRNENNAENNNENER RN
SQUAMOUS CELL CARCINGMA, INVASIVE
Mtlu LYMPHOMA, UNDIFFER=-TYPR X

ny mev'rxc LEUKEMTA

MONOCYTIC LEUKEMIA x x X x x X X x
LEUKEMIA, MONONUCLEAR CRLL

LE0_nos
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)

ARTAAC 1B 1) T T 11 ] LI
NUMBER 2l 2 3| 3 3 HEIE of 4 o of o1 ¢ ¢
1K} 1.2 [ (1 2L ALY
TEEKS oR i LI B 1 1 1 i1
sTuDY 2 1t 1 e 1 [ 2f 1t 2| 1] 2 1 (1]
(1] (181 gl g 219 [ (111

TRYESUNERYARY SYSTEN
N
AMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA
lAQAI.'Cl TUMOR
HELIOMA
ATOACANTHOMA
PIIIUIAIC--HA
SUBCUTANEOUS TI3SUE L A I I AR T BT IR B R I R 2R 2 I
FIBROMA
FIBROSARCONA
LIPOMA
OSTEQSARCOMA
NEURGFIBROMA

%
$14

eMT P I I I A N I I T I B A A B
AD!HOGMCINM NOS, METASTATIC
YEO! OMA

ETASTA

PH CYTOMA, AST
CARCINOSARCOMA, METASTAT
0STEOSARCOMA, RETASTATIC

TRACHEA
C-CELL CARCINOMA, INVASIVE

NASAL CAVITY N N N NN NN NNNERNENNADNNERENNARENNDN
SQUAMOUS CELL CARCINOMA, INVASIVE

AEATSFOYRYIT SYSTER

JONE MARROM - S S 9 S b ¢ 5 & o 3 o o C & 0 0 o o 9 8 9 . 5 5 0

PLEEN S8 b 0 > 0 2 8 o 0 o o £ O 0 5 6 & O S o S 3 S 3

LYMPR NOREY
ADENOCARCINOMA, N03, METASTATIC
C-CELL CARCINOMA, METASTATIC

THYS

ADENOCARCINGMA, MO

TERATOMA, BENIGH
MALIO.LYMPHOMA, UNDIFFER-TYPE

CTNTUTATENY SYSTEN

HEARY LI T IR AR A S TR IR I I BT I B I 2K SR IEE T Y IR IR N
C-CELL CARCINOMA, METASTATIC

SRV ST3TER

ORAL CAVITY NN NNNNERNENNENEENNENNERERERERENNNNRN
SMUAMQUS CELL PAPILLOMA

SQUAMDUS CELL CARCINOMA =X

SALIVARY GQLAND R R I T S S S S S O I I T I I L T I I )
SQUAMOUS CELL CARCINOMA, INVASIVE,

LIVER

ISLET=CELL CAIC!M. RETASTATIC
NNPLA!T!C

c-cm AICXNMA. METASTATIC

GTEOSARCOMA, METASTATIC X,
BILE DUCT St b 0 b b 6 o & b 3 o C & & LY ) (W]
GALLBLADDER & COMMOW BILE DUCT NN B M N N MM N M M N N MM N N N NN N N N N N
PANCREAS LI + LI I I ] e ¢ 4 L AR B )
ACINAR-CELL ADENONA
GRAMULOSA-CELL NETASTA,
E30PHAGUS b p b 8 0 4 b s o b 4 O & b b & b & S b b b & 3

TOMACH
CARCINOMA, NGS, METASTATIC
SEUAMOUS CELL CARCINOMA

SMALL INTESTING L I A R I I I N I I A R Y I R I B R
ADENOCA 1N ADW"WS roLYP

MCINGUS R CYSTADENOCARCINGRA
LEIOMYOSARCOMA b3

LARSE INTESTINE TR S SR I 2R ST Y Y IR IS K 2 R T IR BT R T N IR
AOENGMATOUS POLYP, HOS
LRIDMYQSARCOMA

ONTRARY SYSVEN

VIAN!]T!“AC’CI’LL CARCINGMA
PHEOCHROMUCYTORA, METASTATIC

URINARY BLADDER I I S I A N T T -2 IR R AR T T T SR T B R )
EHDOMETRIAL STROMAL SARCOWA. INVA
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)

TRINAT LI LI 7 4 L8 LB
HUMIER 2t 2l 2 3] 3§ 31 3 HERIBIEIRIEKIE] o & of o
1K 1.2 $ I 3 78
18] T 1 1 I} 11
sTUDY 21 11 1] 8| s} ¢ 219 HEIEIRI of 1| 1
5 s $ 2 $ 1 i
TRBSTAINE SVSYER
PITUITARY LK IR IR R IR ) * [ LI LR BN AR I AR
ARCINOMA, NOS
32“2"‘ NGS X X X X X X X X
nmmnuosncuu
aglml. ;oooov + [ A S A N I .
nummev GMA x
PHEDCHROMOCYTORA, MALIONANT
THYROZD L . I I I I A
FDM.!CULAR-CII.L ADENORA
FOLLICULAR=CELL CARCINOMA
C-CELL uuen
C-CELL CARC.
CARCXIO!AIM- INVASIVE
PARATHYROID L A ) . - IR R R R R R N B R )
ADENOMA, X0S
PANCREATIC ISLETS LI A R . C & 2 2 2 4 5 5 0 2 0 ¢ 0
ISLET-CELL ADENOMA X
ND L I Y 3 N e s s 6 0 ¢ % 0 ¢ 0 s
08
ONA, NOS
PAPILLARY ADENQCARCINOMA
Y CYSTADEMOMA, MOS
.4 OMIA
FIBROADENOMA X 2. X X XX X X
Pllﬂé;ﬂtlcgfﬂll GLAND N NR NN L] LI B I B nn nnN
SUAMOUS GELL PAPILLOMA
:wmoul all.l. CARGINOMA
KERATOACANTHOMA
YAGINA NN NNND n R M N NENNNENNNN
SWANOUS CELL PAPILLONA
UTERUS LR A L3 I I I e I A A A A )
CARCINOMA-IN-9ITU, MOS
ADENOCARCINOMA,
ENDOMET! l l. sIR PoLYP x x x
!TROHAL ARCOMA
MI‘IHAL STROMAL SARCOMA, INVA
e e e . I I R ST T S S R S I Y
MILOSA-CELL T
IAIWI.DSA-CILL CAIC!NN
RMESOTHELIOMA, NOS
TERVIUT SYTEN
SRAIN LI R 2 IR I ) * [T B K R O I I R
CARCINGMA, NOS, INVASIVE
ASTROCYTOMA X
MENINGIOMA X
SPRCTAT SENST SROANS
ZYMBAL'S GLAND LI IR I Y . N s s 4 0 5 6 4 4 s v
SQUAMDUS CELL PAPILLOMA X
SOUARMOUS CELL CARCINOMA
Nt R R NN » AN R REANA YRR NRNDN
SQUAMOUS CELL CARCINOMA, INVASIVE
QSTEOSARCOMA
FOUY CAVITIES
PERITONEUM N N N NNN® L] N NN NN NNNRNNN NN
PHEQCHRCMOCYTOMA, INVASIVE
AT UTREN SYSTERS
MULTIPLE SITEY NOS
MALIG.LYMPHORA, HISTIOCYTIC TYPR X
NLT!PLIOIGANQN N NN N NN L] NN W N NNNNNNNNN
SQUAMOUS CELL CARCINOMA, !IVA!!'!
MALIG.LYMPHOMA, UNDIFFER=TYPE
MYELOMONGCYTIC I.IU ENIA
MONOCYTIC L EUKEN. x X X x x x X x X X
Lmlmn.m«mcl.ul [ 189
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)

ARTRAT T T T
NUMBER [ [] 7 1?

L L
sTUDY 2 ]
slol 2

2L

LR BRI R T I R I I I I R K R I I I B R
swmen;nu
US CELL CARCINOMA

TuroR

FIBROIARCOMA
SURCUTANEOUS TISSUR LR IR I 2 R I IR R I K R I IR T A I
SIDROMA

PFIIROSARCOMA
LIPOMA
G3TROSARCOMA
NEUROFIIROMA

l.omnulmoent LB R AR T T R R I I I N TR I IR I AR 2R DR TN Y T R
ADENOCARCINOMA, NOS, Hl' aTATIC x
I.Vlﬂlllllllileﬂ"lll ;m

C=CELL CARCINOMA, METASTATIC
QRANULOSA-CELL CARC!MA METASTA
*HED! CYTOMA, METASTATIC
CARCINGSARCOMA, METASTATIC
OSTEGSARCONA, METASTATIC

TRAGHEA LR A 25 I I I I R IR IR I R I B B R R I
C-GELL CARCINOMA, INVASIVE

NASAL CAVITY N ¢ %8 A N " N B NN NNKENNREAONNERDNNIENEDN
SQUAMOUS CELL CARCINGMA, INVASIVE} . .

BONE RARROM

sPLEEN S 0 5 0 0 & 0 & & 0 O & 0 b ¢ & & & b & ¢ 9 O

LYPPY “ 000000~0000O00000‘0000000.0
ADENOCARCINGMA, NOS, METASTATIC
C-CELL CARCINGMA, METASTATIC

LN IEE I N B L T I O I R IR I I I A B I
ADENGCARCINOMA, HOS
TERATOMA, SENIGH
RALIG.LYPPHOMA, UNDIFFER-TYPR

TINCUCATORY SYSTEN

NEART
C-CELL CARCINOMA. METASTATIC

[ 2R I K N B 2 I e RN RN 2 DN BN BN N BN DR BN 2NN B AN J

STV IVITEN
ORAL CAVITY N RERNNENNNAERE NN RERER NN N NN
awmt CELL PAPILLOMA
QUANOUS CELL CARCINOMA
SALIVARY QL L 2K IR Y DK AN 2R K 2 2NN D DR D RN BENE R BN B B BN BN NN B B N

SQUANOUS CII.L CARCINGMA, INVASIV

LIVER LI TEE I B RN I K K N IR T BN 2R I BEE EE BEE Y B I B B R N 4
ISLET-CELL CARCINOMA, METASTATIC

NIWUI"C NODULE X

CGI CARCINOMA, METASTATIC
OSTEOSARCOMA, METASTATIC

BILE DUCY e Lo 3 o 0 8 3 3 4 2 2 8 O & 0 3 5 & o o 4 0 8 0 ¢
GALLBLADDER & COMMON BILE DWCT L o N 8 N M N M B B N N N 8 R AA_ NN N B X :l

L 2K IR Y BEE AN K AR TR TR D DR 2 TR DT K RN DK N 2 R N IR BN N

PANCREAS

ACINAR=CELL ADENOMA
GRANULOSA=CELL GARCINGMA, METASTA,
EI0PHASUS $. S 0 b 0 B b 5 4 0 b s & b & b

STOMA I B IR R Y R I IR T I I Y IR K IR T A
cne:n mmvn:e
SOUARGUS CELL CARCINOMA

SRALL INTESTING LI I T T T Y IR R Y I Y R K R I IR Y Y B
ADENGCA IN ADENOMATOUS POLYP
MYCINOUS CYSTADENOCARCINGMA x
LE3OMYOmA

LEIOMYOSARCOMA
ummvnnnt TR I Y S B B R I I I 2 I I K I I

QUS POLTP, NOS
uxwoulm

UNTRERY YVSTEN

RIONEY T3 S T T S N S S S T S ST SR N I T R SR Y I A A
'll'll"l”lt-clll CARCINGNA
PHEOCHROMOCYTOMA, METASTATIC
URINARY BLADDER L I R I I T A I B Y I I I I O B A A
ENDOMETRIAL STROMAL SARCOMA, INVA
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)

ARTRAL [ 1] E11] [1EIE1B1B ay #1 9
NUMBER HEE. 8t 5| 8 NREIRIRININ [ IHRIBIBIES
2L.3 41 7LR (133 28 L1l 2L 81 8
1 L) i1 1 T I (] 3] ¢
stTuoY ad 21 21 21 21 3] ¢! 3 M M 3 342 4| of 31 35 ¢
st 2 $] St % 1l ¢ al st e 2 sl 4
TABOCHINT SYSTIN
PITUITARY L LR I I LI R AR I LI T 3 s e
CARCINOMA, NOS X X X
ADEN o N X X X x X X X x X X
QANGL IONEUROMA
HEUROFIBROSARCOMA
L A R L L I I S A

ADREN,

Gﬂlﬂttt AD!NOHA
PHEOCHROMACY TOM, z x x x x x

PNIOC“IWQ‘ITD‘HA. MALIGNANT

xe

THYROID +
FOLLICULAR-CELL ADEMOM x
FOLLICUL AR~ !LL CA!C!NMA
C~CELL AD!N x X x X
C~CELL CARCIN W X

CARCINGSARCOMA, INVASIVE

PARATHYROZD L I B AR N IR B AR R T I I I 4
ADENOMA, M

PANCREATIC ISLETS T A A R AR AR AR S N I I R N S I B I B
ISLET-CELL ADENOMA

HM:!A RY GLAND

OMA, NOS
ADENOCARCINGMA, NOS x x X
PAPILLARY ADENOCARCINOMA
PAPILLARY CYSTADENOMA, NOS
FIBROSARCOMA
FIBROADENONA X X X X X X X X X X X X X X X

PREPUTIAL/CLITORAL GLAND
GARC. +NO!

SquAmOUsS SELL PAPTLLOMA
'QUWUS CELL CARCINOMA X

lIIA‘I‘ DACANTHORA

YAGINA N R NN NN NN NN NN R NN RN
SQUAMOUS CELL PAPILLONA

xe
xe
xe

UTERUS
CARCINOMA=IN-SITY, NOS
ADEMOCARCINGNA, NOS

R I. STROMAL POLYP

ENDOMEY
ENDONETRIAL STROMAL SARCOMA
ENDOMETRIAL STROMAL SARCOMA, INVA,

mre
=

QYA

Olll“lllll ~CELL TUMOR
GRANULOSA-CZLL CARCINORA
MESOTHELIOMA, NOS

REXVIUS SVSTEN
MAIN IR Y B S IR TR A S TR R T R B R I R I R B I N R
CARCINMA, NOS, INVASIVE x x x
ASTROCTTOM x
MENINGIONA
mmrnm‘umr
ZYMBAL'S O I I I IR I S I AR 2 R B R B R IR
nvmus T rartiiom

SeUAMOUS C!lL CARCINOMA

ONE
$QUANGUS CELL CARGINOMA, INVASIVE
OSTEOSARCONA

TOOY CAVITIES

PERITONEUM N N NN KX N HNNKEXNNNNNNNRNNNNKRESE
PHECCHROMOCYTONA, INVASIVE

T SYHER SYSTERS

MULTIPLE SITES NOS
MALIO.LYMPHOMA, HISTIOCYTIC TYPE

MILTIPLE ORGANS NOY N N N N N N N N N N N N NN N NN NNNNENNN
SQUAMOUS CELL CARCINOMA, INVASIVE
;w‘.xo. YHP OMA . UN FF!I TYPE

L
L!IIIIHIA.HONQNUCLUI CELL X
LG NOY
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)

TRIARC IR
NUMDER HEBIBIBIEIK s
WIIRS TN
STUDY 2 4 2 1 2 3 HE HE
YRTESORERYIRY SVIVIN
KN L T R N S ST PSP ST ST SR ST SR ST ST ST S S Y
SQUAMOUS CELL PAPILLOMA
Seuancus CRLL caRcINomA
BASAL-CELL
FR1cHORPE TNEL 1AM
KERATOACANTHOAA
TBROSA
’glmlﬂlmTt"ﬂ. L N IR BEE DK BEE R D I I I I DR T R R T Y T Y I I A ]
FIIROSARCONA
LIPOMA
GITEOSARCOMA
NEUROFIBROMA
NESFINATORY SYSTEN
L"Hl"”'llﬂ LI B O I T I I D D L D T IR T SR T BT Y N B R A A ]

m
ADEHOCARCINGMA, NOS, METASTATIC
ALVEDLAR/SRONCHIGLAR CARCINGMA
C~CELL CARCINGMA, EHHTATIC X

A
QSTROSARCOMA, METASTATIC

TRACHEA
C~CELL CARCINOMA, INVASIVE

NASAL CAVITY N KN NN NNNNENKRNNNENNERERNNNSEDDNN
SQUAMOUS CELL CARCINGMA, INVASIVE

ROATIPOTETIC SYSTEN

BONE MARROM S b 3 b 2 P b 3 o 4 4 0 b b 4 0 o & & o o b 9 4 ¢
sPLEEN S P s b s b o b b 5 4 5 & & O & & 3 b & & b I & ¢
LYWPH NODES LR N B R A R I I I Y I
ADEMOCARCINGMA, NOS, METASTATIC

C-CELL CARCINOMA., MEYASTATIC b3

ADINGCAIC!MA. Hos

TERATOMA, SEKION X
MALIG.LYMPHONA, UNDIFFER-TYPR x

TIRTULATURY SYSTEN
HEART L I O I S K I I N Y S I TR T A S Y S N S
C-CHLL CARCINOMA, RETASTATIC

SYSEETIVE SVETEN
OIALCAVT\' NN NN NN NN R NN NN N RE NN NANNNN
SQUAMQUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA
SALIVARY GLAND LR I R R I I O 2R I I I 2 R I I I T Y IR )
SOUAMOUS CELL CARCINOMA. INVASIVE
Livim LR R R Y O L T S S ST Y TR O 2 R I Y Y S}
ISLET=CELL CARCINGMA, METASTATIC
NEOPLASTIC NODULE
C=CELL CARCINOMA, HIT STATIC
OSTROSARCOMA, METASTATIC
BILE DUeY CINS S J S N S N S SN SN NN N S SR NN WA I A NN SN ST S SO 3
GALLBLADDER & COMMON BILE DUCT NN R N M N N8N N N8N NN NN N N N N NN

PANCREAS

AGII“-GIL% ADENOMA
GRANULOSA-CELL CARCINOMA, METASTA,
E30PHAGUS UIE S S W SNS WUE S R S T N N N ST WY MY S T Y S S T N W )
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT- RANGE (Continued)
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE Ad. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT RANGE (Contlnued)
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LiYETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Contlnued)
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE HRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE Ad.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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X
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED

STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued)
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN RATS IN THE LIFETIME FEED STUDIES

OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS
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TABLE Bl, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS

CONTROL
(UNTR)

DMH

IR

IR + DMH

IR/PW

ANIMALS INITIALLY IN STUDY 88

ANIMALS NECROPSIED 88

ANIMALS EXAMINED
HISTOPATHOLOGICALLY 86

125
128

125

250
250

280

178
178

175

100
100

100

INTEGUMENTARY SYSTEM
*HEAD (88)
FIBROUS HISTIOCYTOMA,
MALIGNANT
*AXILLA (88)
FIBROUS HISTIOCYTOMA,
MALIGNANT
*SKIN (88)
PAPILLOMA, NOS 5 (6%)
SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA
BASAL-CELL TUMOR
BASAL-CELL CARCINOMA 2 (2%)
TRICHOEPITHELIOMA
SEBACEOUS ADENOMA
SEBACEOUS ADENOCARCINOMA
KERATOACANTHOMA 1 (1%)
FIBROMA
FIBROSARCOMA
NEUROFIBROSARCOMA
*SUBCUT TISSUE (88)
CARCINOMA, NOS
SQUAMOUS CELL CARCINOMA 3 (3%)
BASAL-CELLTUMOR 1 (1%)
BASAL-CELL CARCINOMA
TRICHOEPITHELIOMA
KERATOACANTHOMA
SARCOMA, NOS 1 (1%)
FIBROMA 17 (19%)
FIBROSARCOMA 7 (8%)
FIBROUS HISTIOCYTOMA,
MALIGNANT
LIPOMA
RHABDOMYQSARCOMA
OSTEOSARCOMA
AMELOBLASTIC ODONTOMA
NEUROFIBROMA
NEUROFIBROSARCOMA

(128)

(128)

(128

(125)

(250)
(250
(250)

(2%)
(2%)

- W Qo

(3%)

(5%) 19

(1%) 1

(1%)

(2%)
(10%) 5
(2%)

— N Qv W

(1%)

-]

(3%)
(1%)
(1%)
(0%)

1%)
(0%)
(8%)
(0%)
(0%)
(0%)
(0%)
(1%)
(20%)
(2%)

(1%)
(0%}

(1%)

(0%)

{178

(178)

(175)

DWW

—

11

(176)

—
— b N (S

y—

(1%)

2%)
(2%)
(1%)
(1%)
(1%)

(6%)

(1%)

(1%)

(1%)
(1%)

(1%)
(9%)
(1%

{1%)
(1%)
(1%)

(1%)

(100)

1
(100)

(100)

—

(100)

Pt s OV et

(1%)

(3%)
(1%)

(7T%)
(1%)

(2%)

(1%)
(1%)
(5%)
(11%)
(1%)

(1%)
(1%)

(1%)

RESPIRATORY SYSTEM
*NASAL CAVITY (88)
ADENOMA, NOS
*NASAL TURBINATE (88)
SQUAMOUS CELL CARCINOMA,
INVASIVE
ADENOMA, NOS
ADENOCARCINOMA, NOS
#TRACHEA (85)
SQUAMOUS CELL CARCINOMA,
INVASIVE
FIBROSARCOMA, INVASIVE 1 %)
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1
(125)

(124)

(250)
(1%)

(250)
(1%)

(250)

136

(175)

7%

(176)

(1%)
(1%)

(1%)

(100)
(100)

(99)



TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL

(UNTR) DMH

IR

IR + DMH IR/PW

RESPIRATORY SYSTEM (Continued}
#LUNG
CARCINOMA, NOS, METASTATIC
SQUAMOUS CELL CARCINOMA 1
SQUAMOUS CELL CARCINOMA,
METASTATIC
ADENOCARCINOMA, NOS,
METASTATIC 1
HEPATOCELLULAR CARCINOMA,
METASTATIC
ALVEOLAR/BRONCHIOLAR
ADENOMA 1
ALVEOLAR/BRONCHIOLAR
CARCINOMA 2
C-CELL CARCINOMA,
METASTATIC 1
PHEOCHROMOCYTOMA,
METASTATIC 1
SARCOMA, NOS, METASTATIC
FIBROSARCOMA, METASTATIC 1
FIBROUS HISTIOCYTOMA,
METASTATIC
LIPOSARCOMA, METASTATIC
MIXED TUMOR, METASTATIC
CARCINOSARCOMA, METASTATIC
MESOTHELIOMA, NOS
OSTEOSARCOMA, METASTATIC 1
MENINGIOMA, METASTATIC

(85) (125)

(1%)

(1%)

(1%)
(2%)

(1%) 1 (1%)
(1%) -

(1%)

(1%)

(250)

—

(175)
1 (1%)

(89
1 %)

(0%) 1 (1%) 2 (2%)

(1%)
1 (1%)

(2%) 1 (1%)

(0%)

(2%)
2 (1%)
(0%)

(0%)
(0%)
1 (1%
1 (1%
(0%)
(0%) 1
(0%)

(1%)

HEMATOPOIETIC SYSTEM
*MULTIPLE ORGANS (88)
MALIG.LYMPHOMA, HISTIO-

CYTIC TYPE 1
MYELOMONOCYTIC LEUKEMIA
MONOCYTIC LEUKEMIA 28
LEUKEMIA,

MONONUCLEAR CELL 3

#SPLEEN (85)
INTERSTITIAL-CELL TUMOR,

METASTATIC
SARCOMA, NOS
MALIG.LYMPHOMA, HISTIO-

CYTIC TYPE 1
MONOCYTIC LEUKEMIA

#MANDIBULAR L. NODE
CARCINOMA, NOS, INVASIVE
SQUAMOUS CELL CARCINOMA,

METASTATIC 1
SARCOMA, NOS 1
SARCOMA, NOS, INVASIVE

#CERVICAL LYMPH NODE
CARCINOMA, NOS, METASTATIC
C-CELL CARCINOMA,

METASTATIC

SARCOMA, NOS, INVASIVE

(125)
(1%) 2 (2%)
(32%) 40 (32%)

(3%) 2
(125)

(2%)

1%)

(85) (125)

(1%)
1%)

(85) (125)

137

(250)

90

(250)

(250)

1
(250)

(178 (100)
(1%)
(1%)
(37%)

(0%) 2 3 3%)
(1%) 2
(36%) 65 36 (36%)
(0%) 2 (1%)
(175) (99)
(0%)

(0%)

(1%) 2 (1%)
(175)

1 (1%)

(100)

(0%)
(175 (100

1 (1%)

1 (1%)
(0%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED

STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR)

DMH

IR

IR + DMH

IR/PW

HEMATOPOIETIC SYSTEM (Continued)
#MEDIASTINALL.NODE (85)
SQUAMOUS CELL CARCINOMA,
METASTATIC
SARCOMA, NOS, METASTATIC
FIBROUS HISTIOCYTOMA,
METASTATIC
#MESENTERIC L. NODE (85)
MUCINOUS CYSTADENO-
CARCINOMA, METASTATIC
#ILEOCOLIC LYMPH NODE (85)
MUCINOUS CYSTADENO-
CARCINOMA, METASTATIC
SIGNET RING CARCINOMA,
METASTATIC
#LIVER (85)
MALIG.LYMPHOMA, HISTIO-
CYTIC TYPE
MONOCYTIC LEUKEMIA

(125)

(125}

(125)

(125)

(1%)

(1%)

(1%)

(250)

1
(250)

(250)

(250}

(0%)

(0%)

(175)

(175)

175

(175)

1%)

(2%)

(2%)

(100)

(100)

(100)

(100)

1 (1%)

CIRCULATORY SYSTEM
#SPLEEN (85)
HEMANGIOSARCOMA
#LUNG (85)
HEMANGIOSARCOMA,
METASTATIC
#HEART (85)
ADENOCARCINOMA, NOS,
METASTATIC 1
#LIVER (85)
HEMANGIOSARCOMA
#ASCENDING COLON (85)
HEMANGIOSARCOMA 1

(1%)

(1%)

(125)
(125

(125)

(125)

(125)

(1%)

(2%)

(250)

(260)

(250)

(250)
(250)

(1%)

(0%)

(175)

(175)

(175)

(175)
(175)

(1%)

(99)
(99)

(99)

(100)
(100)

DIGESTIVE SYSTEM
*MOUTH/ORAL CAVITY (88)
SQUAMOUS CELL CARCINOMA
*HARD PALATE (88)
SQUAMOUS CELL PAPILLOMA
KERATOACANTHOMA
*TONGUE (88)
SQUAMOUS CELL PAPILLOMA
#SALIVARY GLAND (84)
CARCINOMA, NOS
SARCOMA, NOS
FIBROSARCOMA 3
FIBROSARCOMA, INVASIVE 1
#PAROTID GLAND (84)
SARCOMA, NOS
#LIVER (85)
NEOPLASTIC NODULE 6
HEPATOCELLULAR CARCINOMA 2
FIBROSARCOMA, METASTATIC
FIBROUS HISTIOCYTOMA,
METASTATIC
LIPOMA
LIPOSARCOMA
LIPOSARCOMA, METASTATIC
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(4%)
(1%)

(T%)
(2%)

(125)
(125)

(125)

(124)

(124)

(125)
12
17

(4%)

(1%)

(10%)
(14%)

138

(250)
(250)

(250)

1
(247)

Lol & =]

(247

—

(250)
13
7

(0%)

(0%)

(0%)

(1%)
(1%)
(0%)

(56%)
(3%)

(0%)

(175)
(175)

(175)

(173)

(173)

(175)
10
20

(1%)

(1%)
(1%)

(6%)
(11%)

(1%)
(1%)
(1%)

(100)

(100)
1 (1%)

(100)

(98)

(98)

(100)
5 (5%)
1 (1%)



TABLE Bi. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW
DIGESTIVE SYSTEM (Continued)

#PANCREAS (85) (124) (249) (174) (99)
ACINAR-CELL ADENOMA 3 (4%) 7 (6%) 23 (9%) 14 (8%) 9 (9%)
ACINAR-CELL CARCINOMA 1 (1%) 2 (1%)

MESOTHELIOMA, METASTATIC 1 (1%)

#PANCREATIC DUCT (85) (124) (249) (174) (99)
ADENOCARCINOMA, NOS 1 (1%)

#ESOPHAGUS (83) (125) (260) (174) (98)
FIBROSARCOMA 1 (1%)

#STOMACH (85) (124) (260) (175) (100)
ADENOCARCINOMA, NOS 1 (0%)

#GASTRIC SEROSA (85) (124) (250) (175) (100)
MESOTHELIOMA, METASTATIC 1 (1%)

#SMALL INTESTINE (85) (125) (250) (175) (100)
LEIOMYOSARCOMA 1 (1%)

#DUODENUM (85) (125) (250) (175) (100)
ADENOCARCINOMA, NOS 1 (1%)
ADENOMATOUS POLYP, NOS 1 (0%)

MUCINOUS CYSTADENO-

CARCINOMA 1 (0%) 1 (1%)
SIGNET RING CARCINOMA 1 (0%) 1 (1%)
LEIOMYOMA 1 (0%)

#JEJUNUM (85) (126) (250) (175 (100)
ADENOCARCINOMA, NOS 1 1%

MUCINOUS CYSTADENO-
CARCINOMA 1 (1%)
LEIOMYOSARCOMA 2 (1%)

#ILEUM (85) (125) (250) (175) (100)
LEIOMYOMA 1 (1%) 1 (1%)

#COLONIC SEROSA (85) (125) (250) (175) (100)
MESOTHELIOMA, METASTATIC 1 (1%)

#CECUM (85) (125 (250) (175) (100)
ADENOCARCINOMA, NOS 1 (%)

ADENOMATOUS POLYP, NOS 1 (1%)
MUCINOUS CYSTADENO-

CARCINOMA 4 (3%) 4 (2%)
MUCINOUS CYSTADENOCA,

METASTATIC 1 (1%)

#ASCENDING COLON (85) (125) (250) (175) (100)
ADENOCARCINOMA, NOS 1 (1%)
ADENOMATOUS POLYP, NOS 3 2%) 2 (1%) 3 2%
ADENOCARCINOMA IN

ADENOMATOUS POLYP 1 (1%)
MUCINOUS CYSTADENO-

CARCINOMA 3 (2%) 11 (6%)
MUCINOUS CYSTADENO-

CRCINOMA, METASTATIC 1 (1%)

SIGNET RING CARCINOMA 1 (1%)

#TRANSVERSE COLON (85) (125) (250) (176) (100)
ADENOCARCINOMA, NOS 1 (1%)

ADENOMATOUS POLYP, NOS 4 3%) 6 (3%)
LEIOMYOSARCOMA 1 (1%)

#DESCENDING COLON (85) (125) (250) (175) (100)
ADENOMATOUS POLYP, NOS 24 (19%) 7 (3% 37 (21%) 2 (2%)
ADENOCARCINOMA IN

ADENOMATOUS POLYP 2 0%
MUCINOUS CYSTADENO-

CARCINOMA 4 (2%)
SIGNET RING CARCINOMA 1 (1%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED

STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW
DIGESTIVE SYSTEM (Continued)

*ANUS (88) (125 (250) (175) (100

ADENOMATOUS POLYP,NOS 1 (1%)
URINARY SYSTEM

#KIDNEY (85) (125) (250) (175) (100)

TUBULAR-CELL ADENO-

CARCINOMA 1 (1%) 1 (0%)

TUBULAR ADENOCARCINOMA 1 (0%)

LIPOMA 1 (0%)
LIPOSARCOMA,INVASIVE 1 (0%)

MIXED TUMOR, MALIGNANT 1 (0%) 1 (1%)

#RIGHT KIDNEY (85) (125) (250) (175) {100)
MIXED TUMOR, MALIGNANT 1 (1%

*RIGHT URETER (88) (125) (250) (175) (100)
MIXED TUMOR, MALIGNANT 1 (1%)

#URINARY BLADDER (84) (124) (249) (174) (98)
PAPILLOMA NOS 1 (1%)

TRANSITIONAL-CELL PAPILLOMA 1 (1%) 1 (0%) 1 (1%)
TRANSITIONAL-CELL CARCINOMA 1 (0%)
ENDOCRINE SYSTEM

#PITUITARY (85) (124) (246) (175 {(100)
CARCINOMA,NOS 4 (5%) 3 2% 3 (1% 1 (1%) 1 (1%)
ADENOMA, NOS 14 (16%) 12 (10%) 49 (20%) 16 (9%) 18 (18%)

#ADRENAL (85) (125) (250 (175) (100)
CORTICAL ADENOMA 4 2%) 1 %) 1 (1%)
CORTICAL CARCINOMA 2 (2%)

PHEOCHROMOCYTOMA 14 (16%) 20 (16%) 57 (23%) 31 (18%) 30 (30%)
PHEOCHROMOCYTOMA,
MALIGNANT 1 (1%) 4 (2%)

#ADRENAL MEDULLA (85) (125) (250) (175) (100)
PHEOCHROMOCYTOMA 2 (2%) 2 (1%) 3 (2%) 2 (2%)
PHEOCHROMOCYTOMA,

MALIGNANT 1 (0%)

#THYROID (84) (124) (250) (175) (99)
FOLLICULAR-CELL ADENOMA 1 (1%) 1 (1%) 12 (5%) 14 (8%) 3 3%
FOLLICULAR-CELL CARCINOMA 5 (6%) 8 (6%) 13 (5%) 14 (8%) 2 (2%)
C-CELL ADENOMA 13 (15%) 11 (9%) 29 (129%) 18 (10%) 9 (9%)
C-CELL CARCINOMA 19 (23%) 15 (12%) 38 (15%) 21 (12%) 23 (23%)
SARCOMA, NOS, INVASIVE 1 (0%)

FIBROSARCOMA, INVASIVE 1 (1%)

#PARATHYROID (78) (119) (243) (166) (93)
ADENOMA,NOS 3 4% 1 (1% 4 (2%)

C-CELL CARCINOMA,INVASIVE 1 (1%) 1 (0%)

#PANCREATIC ISLETS (85) (124¢) (249) (174 (99)
ISLET-CELL ADENOMA 5 (6%) 1 (1%) 6 (2%) 5 (3%) 5 (5%)
ISLET-CELL CARCINOMA 3 (4%) 6 (5%) 17 (1%) 4 (2%) 6 (6%)

REPRODUCTIVE SYSTEM

*MAMMARY GLAND (88) (125) 1250) (175) (100)
ADENOMA, NOS 1 (1%) 3 (2%) 8 (2%) 1 (1%)
ADENOCARCINOMA, NOS 1 (1% 1 (0%)

FIBROMA 1 (0%)

FIBROUS HISTIOCYTOMA,

INVASIVE 1 (1%)

CARCINOSARCOMA 1 (0%

FIBROADENOMA 3 3%) 1 (1%) 16 (6%) 4 (2%) 7 (71%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW
REPRODUCTIVE SYSTEM (Continued)

*PREPUCE (88) (125) (250) (175) (100)
SQUAMOUS CELL CARCINOMA 1 (0%

*PREPUTIAL GLAND (88) (125) (2500 (175) (100)
CARCINOMA, NOS 2 (2%) 6 (5%) 10 (4%) 9 (5%) 3 (3%
SQUAMOUSCELL CARCINOMA 1 (1%) 1 (1%) 1 (0%) 1 (1%)

ADENOMA, NOS 1 (1%)

#PROSTATE (85) (125) (249) (174) (99)
CARCINOMA, NOS 2 (1%)

SQUAMOUS CELL CARCINOMA 1 (1%)
ADENOMA,NOS 1 (1%) 3 (1%) 2 (1%)
MESOTHELIOMA, NOS 1 (1%)

*SEMINAL VESICLE (88) (125) (250) (175) (100)
SQUAMOUS CELL CARCINOMA,

INVASIVE 1 (1%)

#TESTIS (84) (125) (250) (175) (100)
INTERSTITIAL-CELL TUMOR 79 (94%) 112 (90%) 237 (95%) 160 (91%) 89 (89%)
INTERSTITIAL-CELL TUMOR,

MALIGNANT 1 (1%) 1 (0%)

*EPIDIDYMIS (88) (125) (250) (175 (100)
LIPOSARCOMA 1 (0%

MESOTHELIOMA, NOS 1 (1%)

*SCROTUM {88) (125) (250) (175) (100)

FIBROMA 1 (1%)
MESOTHELIOMA, MALIGNANT 2 (1%)
MESOTHELIOMA, METASTATIC 1 (1%)

NERVOUSSYSTEM

#CEREBRUM (85) (125) (250) (175) (100)
CARCINOMA, NOS, INVASIVE 1 1%

ASTROCYTOMA 1 (1%) 1 (0%) 1 (1%)

#BRAIN (85) (125) (250) (175) 100
CARCINOMA, NOS, INVASIVE 2 (2%) 1 (0%) 1 (1%) 1 (1%)
OSTEOMA 1 (1%)
GRANULAR-CELL TUMOR, NOS 1 (1%)
ASTROCYTOMA 2 (1%) 1 1%

MENINGIOMA 1 (0%

#CEREBELLUM (85) (125) (250) (175 100
GRANULAR-CELL TUMOR, NOS 1 (1%)

*SPINAL CORD (88) (125) (250) (175) (100)
NEURILEMOMA, MALIGNANT 1 (1%)

*PARA AORTIC BODY (88) (125) (250} (175) (100)
PARAGANGLIOMA, NOS 2 (1%)

SPECIAL SENSE ORGANS

*EYE (88) (125) (250) (175) (100)
ADENOCARCINOMA, NOS,

INVASIVE 1 (1%)
SARCOMA,NOS 1 (1%)

*EYE/IRIS (88) (125) (250) (175) (100)
MALIGNANT MELANOMA 1 (0%

*HARDERIAN GLAND (88) (125) (250) (175) (1000
SARCOMA, NOS, INVASIVE 1 (0%)

*EAR (88) (125) (250) (175) (100)
FIBROSARCOMA 1 (%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW

SPECIAL SENSE ORGANS (Continued)

*ZYMBAL GLAND (88) (125) (250) (175) (100)
CARCINOMA, NOS 1 (1%) 3 2% 2 (1% 2 (1%)
SQUAMOUS CELL PAPILLOMA 1 (1%) 3 (2%)
SQUAMOUS CELL CARCINOMA 1 (1%) 15 (12%) 8 (3%) 22 (13%) 3 3%)
KERATOACANTHOMA 1 (0%) 1 (1%)
CARCINOSARCOMA 1 (0%) 1 (1%)

MUSCULOSKELETAL SYSTEM

*MANDIBLE (88) (125) (250) (175) (100)
SQUAMOUS CELL PAPILLOMA 1 (0%)

SQUAMOUS CELL CARCINOMA 2 2%

*VERTEBRA (88) (125) (250) 175 (100)
OSTEOSARCOMA 1 (1%)

*STERNUM (88) (125) (250) (175) (100)
OSTEOSARCOMA 1 (1%)

*RIB (88) (125) (250) (175) (100)
SARCOMA, NOS 1 (1%)
OSTEOSARCOMA 1 (1%) 1 (0%)

*INTERCHONDRAL JOINT (88) (125) (250) (175) (100)
OSTEOSARCOMA 1 (0%)

*MUSCLE OF LEG (88) (125 (250) (175) (100)
RHABDOMYOSARCOMA 1 (1%)

BODY CAVITIES

*THORACIC CAVITY (88) (125) (250) (175) (100
SQUAMOUS CELL CARCINOMA 1 (0%)

*MEDIASTINUM (88) (125) (250) (175) (100}
ADENOCARCINOMA, NOS,

METASTATIC 1 (0%)
MESOTHELIOMA, NOS 1 (0%)

*ABDOMINAL CAVITY (88) (125) (250) (175) (100)
LIPOSARCOMA 1 (0%)

OSTEOSARCOMA 1 (1%
CHONDROMA 1 (1%)

*PERITONEUM (88) (125) (250) (175) (100)
MESOTHELIOMA, INVASIVE 1 (1%

*PLEURA (88) (125 (250) (175) (100)
ADENOCARCINOMA, NOS,

METASTATIC 1 (0%

*MESENTERY (88) (125) (250) (175) (100)
MUCINOUS CYSTADENOCA,

METASTATIC 1 (1%)
SARCOMA, NOS : 1 1%

FIBROSARCOMA 1 (0%)

LIPOMA 1 (0%
MESOTHELIOMA, INVASIVE 1 1%

*TUNICA VAGINALIS (88) (125) (250) (175) (100)
MESOTHELIOMA, NOS 2 2% 1 (1%) 1 (0%) 3 2%) 1 (1%)

ALL OTHER SYSTEMS

*MULTIPLE ORGANS (88) (125) (250) (175) (100)
ADENOCARCINOMA, NOS,

INVASIVE 1 (1%)

ADENOCARCINOMA, NOS,

METASTATIC 1 (1%) 2 (1%)
C-CELL CARCINOMA,

METASTATIC 1 (1%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL

(UNTR)

DMH IR

IR + DMH IR/PW

ALL OTHER SYSTEMS
*MULTIPLE ORGANS (Continued)

MUCINOUS CYSTADENOCA,
METASTATIC

SIGNET RING CARCINOMA,
METASTATI

SARCOMA, NOS, INVASIVE

FIBROSARCOMA, INVASIVE

FIBROSARCOMA, METASTATIC

FIBROUS HISTIOCYTOMA, METASTATIC
CARCINOSARCOMA, METASTATIC

MESOTHELIOMA, MALIGNANT
MESOTHELIOMA, MALIGNANT
MESOTHELIOMA, INVASIVE
MESOTHELIOMA, METASTATIC
OSTEOSARCOMA, METASTATIC
HEAD
SARCOMA, NOS
ORBITAL REGION
OSTEOSARCOMA
BACK
RHABDOMYOSARCOMA
LUMBAR REGION
CHONDROSARCOMA
COCCYGEAL REGION
NEUROFIBROSARCOMA
BASE OF TAIL
RHABDOMYOSARCOMA
AXILLA
FIBROMA
LOWERLEG
OSTEOSARCOMA
ADIPOSE TISSUE
MUCINOUS CYSTADENO-
CARCINOMA, METASTATIC
MIXED MESENCHYMAL TUMOR,
MALIGNANT
MESOTHELIOMA, METASTATIC

(88) (125) (250)

3 2%)

1 (1%)

2 (2%) 5 (4%) 1

D M ped et ek

1 (1%)
4 3%) 13
1 (1%)

(175) (100)
3 2%)

2 (1%)
(1%)

—

(0%)
0%)
(0%) 1
0%)
(%) 4
(0%)

(5%) 3
2 1%)

(1%)

2%) 5 (5%)

(2%) 4 (4%)

3 3%

ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY INSTUDY
NATURAL DEATH
MORIBUND SACRIFICE
TERMINAL SACRIFICE
ACCIDENTALLY KILLED, NDA

88 125 250
21 21 29
60 86 191

175 100

134 73
16 11
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TABLE Bi. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY
TUMORS** 85 122 246 173 95
TOTAL PRIMARY TUMORS 272 411 857 603 320
TOTAL ANIMALS WITH BENIGN
TUMORS 80 117 242 163 91
TOTAL BENIGN TUMORS 164 236 555 361 205
TOTAL ANIMALS WITH MALIGNANT
TUMORS 65 98 192 145 77
TOTAL MALIGNANT TUMORS 99 162 284 227 108
TOTAL ANIMALS WITH SECONDARY
TUMORS## 13 19 39 31 13
TOTAL SECONDARY TUMORS 15 20 47 42 14
TOTAL ANIMALS WITH TUMORS
UNCERTAIN--BENIGN OR MALIGNANT 9 12 17 13 7
TOTAL UNCERTAIN TUMORS 9 13 18 15 7

*NUMBER OF ANIMALS NECROPSIED

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
+ MULTIPLE OCCURRENCE OF MORPHOLOGY IN THE SAME ORGAN. TISSUE ISONLY COUNTED ONCE.
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF INTERMEDIATE.-RANGE (IR) CHRYSOTILE ASBESTOS

CONTROL
(UNTR) DMH IR IR + DMH IR/PW
ANIMALS INITIALLY INSTUDY 88 125 250 175 100
ANIMALS NECROPSIED 88 125 250 175 100
ANIMALS EXAMINED HISTOPATHO-
LOGICALLY 87 125 250 176 100
INTEGUMENTARY SYSTEM
*SKIN (88) (125) (250) (175) 100)
SQUAMOUS CELL PAPILLOMA 3 (3%) 5 (2%)
SQUAMOUS CELL CARCINOMA 1 (0%)
BASAL-CELL TUMOR 1 1% 1 (1%)
BASAL-CELL CARCINOMA 2 (1%) 1 (1%
KERATOACANTHOMA 1 (1%) 1 (0%) 2 (1%)
*SUBCUT TISSUE (88) (125) (250) (175) (100)
CARCINOMA,NOS 1 (1%)
SQUAMOUS CELL CARCINOMA 1 (1% 3 (1%
KERATOACANTHOMA 1 (1%
SARCOMA, NOS 1 (1%) 1 1%)
FIBROMA 5 (6%) 2 (2%) 9 (4%) 1 (1%) 3 (3%)
FIBROSARCOMA 1 (1%) 1 (1%) 4 (2%) 1 (1%)
FIBROUS HISTIOCYTOMA,
MALIGNANT 2 (2%)
LIPOMA 1 (0%
RESPIRATORY SYSTEM
*NOSE (88) (125) (250) (175) (100)
SQUAMOUS CELL CARCINOMA 1 (1%)
*LARYNX (88) (125) (250) (175) (100)
FOLLICULAR-CELL CARCINOMA,
INVASIVE 1 (0%
C-CELL CARCINOMA, INVASIVE 1 (0%)
#LUNG (87) (125) (250) (175) (99)
SQUAMOUS CELL CARCINOMA,
METASTATIC 1 (0%) 1 (1%)
ADENOCARCINOMA, NOS,
METASTATIC 2 (1%
ALVEOLAR/BRONCHIOLAR
ADENOMA 1 (%) 2 (1% 1 (1%) 3 3%
ALVEOLAR/BRONCHIOLAR
CARCINOMA 1 (%) 1 (0%) 1 (1%)
PAPILLARY ADENQCARCINOMA,
METASTATIC 1 (1%)
FOLLICULAR-CELL CARCINOMA,
METASTATIC 1 (0%}
C-CELL CARCINOMA, METASTATIC 4 (2%) 1 (1%
PHEOCHROMOCYTOMA,
METASTATIC 2 (2%) 1 (1%) 2 (2%)
SARCOMA, NOS, METASTATIC 1 (1%
FIBROUS HISTIOCYTOMA,
METASTATIC 1 s
LIPOSARCOMA, METASTATIC 1 (1%)
MIXED TUMOR, METASTATIC 5 (3%)
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW
HEMATOPOIETIC SYSTEM

*MULTIPLE ORGANS (88) (125) (250} a75) (100)
MALIG. LYMPHOMA,

UNDIFFER-TYPE 2 (1%)
MYELOMONOCYTIC LEUKEMIA 2 (1%) 1 (1%)
MONOCYTIC LEUKEMIA 33 (38%) 66 (53%) 76 (30%) 88 (50%) 26 (26%)
LEUKEMIA, MONONUCLEARCELL 1 (1%) 4 (3%) 4 (2%) 4 (2%) 3 (3%)

#MANDIBULAR L. NODE (87 (125) (250) (175) 99)
SQUAMOUS CELL CARCINOMA,

METASTA 3 (1%)

#CERVICAL LYMPH NODE 87y (125) (250} (175) 99
FOLLICULAR-CELL CARCINOMA,

METAS 1 (0%)

C-CELL CARCINOMA, METASTATIC 2 (1%)

#MEDIASTINAL L. NODE 87 (125) (260) (175) (99)
C-CELL CARCINOMA, METASTATIC 1 1% 1 0%) 1 (1%)
MUCINOUS CYSTADENO-

CARCINOMA, METASTATIC 1 (1%)

#CELIAC LYMPH NODE (87 (125) (250) (175) (99)
MUCINOUS CYSTADENO-

CARCINOMA, METASTATIC 1 (1%)

SIGNET RING CARCINOMA,

METASTATIC 1 1%

#MESENTERIC L. NODE 87N (125) (250) (175) 99
ADENOCARCINOMA, NOS,

METASTATIC 1 (1%)
MALIG.LYMPHOMA, HISTIOCYTIC

TYPE 1 (0%)

#ILEOCOLIC LYMPH NODE (8T) (125) (250) (175) (99)
MUCINOUS CYSTADENO-

CARCINOMA, METASTATIC 3 (2%)

#AXILLARY LYMPH NODE (87 (125) (250) (175) 99)
ADENOCARCINOMA, NOS,

METASTATIC 1 (0%)

#LIVER (87 (125) (250) (175) 99
MALIG.LYMPHOMA, HISTIOCYTIC

TYPE 1 (0%)

CIRCULATORY SYSTEM

#SPLEEN (87 (125) (249) (175) 99)
HEMANGIOSARCOMA 1 (1%)

#LUNG 87 (125) (260) (175) (99)
HEMANGIOSARCOMA,

METASTATIC 1 (1%

#HEART (87 (125) (250) (175) 99
ADENOCARCINOMA, NOS,

METASTATIC 1 (0%)

MIXED TUMOR, METASTATIC 1 (1%)
NEURILEMOMA 1 (1%)

#MYOCARDIUM 87 (125) (250) (175) 99
PHEOCHROMOCYTOMA,

METASTATIC 1 (1%)

#LIVER (8N (125) (250) (175) (99)
HEMANGIOSARCOMA 1 (1%

#PERIPANCREATIC TISSUE (87) (124) (249) (175) (99)
HEMANGIOSARCOMA 1 (1%
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TABLE B2, SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW

DIGESTIVE SYSTEM

*MOUTH (88) (125) (250) (175) (100)
SQUAMOUS CELL CARCINOMA 1 (0%)

SQUAMOUS CELL CARCINOMA,
INVASIVE 1 (1%)

*HARD PALATE (88) (125) (250) 175 (100)
SQUAMOUS CELL PAPILLOMA 1 0%

SQUAMOUS CELL CARCINOMA 1 (1%)

*TONGUE (88) (125) (250) (175) (100)
SQUAMOUS CELL PAPILLOMA 1 (1%) 1 (1%) 1 (1%)
SQUAMOUS CELL CARCINOMA 1 (1%)

#SALIVARY GLAND 8N (122) (248) 173 (99)
ADENOCARCINOMA, NOS 1 (0%)

SARCOMA,NOS 1

#LIVER (87 (125) (250) (175} (99)
SQUAMOUS CELL CARCINOMA,

INVASIVE 1 (1%
BILE DUCT ADENOMA 1 (1%)
NEOPLASTIC NODULE (3%) 12 (10%) (2%) 21 (12%) 1 (1%)
HEPATOCELLULAR CARCINOMA (1%) 12 (10%) (1%) 19 (11%)
CORTICAL CARCINOMA,

METASTATIC 1 %)
MIXED TUMOR, METASTATIC 1 (1%)

#HEPATIC CAPSULE (87) (125) (250) (175) 99)
MIXED TUMOR, METASTATIC 1 1%)

#PANCREAS (87) (124) (249) (175) (99)
ACINAR-CELL ADENOMA 2 (2%) 1 (1%) 4 (2%) 2 (2%)
ACINAR-CELL CARCINOMA 1 0%)

MIXED TUMOR, INVASIVE 1 (1%)
MIXED TUMOR, METASTATIC 1 (1%)

#STOMACH (87) (124) (250) (174) (99)
SQUAMOUS CELL PAPILLOMA 1 (1%)
SQUAMOUS CELL CARCINOMA 1 (1%) 1 (1%)
ADENOMATOUS POLYP, NOS 0%)

CARCINOID TUMOR, NOS (1%)
LEIOMYOSARCOMA (0%)
ENDOMETRIAL STROMAL

SARCOMA, METASTATIC 1 (0%)

#SMALL INTESTINE (87 (125) (249) (175) (99)
MUCINOUS CYSTADENO-

CARCINOMA 1 (1%)

#DUODENUM (87 (125) (249) (175) (99)
MUCINOUS CYSTADENO-

CARCINOMA 2 (2%) 2 (1%)
SIGNET RING CARCINOMA 2 (1%)
LEIOMYOMA 1 (1%)

#JEJUNUM (87 (125) (249) (175) (99)
ADENOMATOUS POLYP,NOS 1 (1%)

#ILEUM (87 (125) (249) (175) (99)
ADENOCARCINOMA IN

ADENOMATOUS POLYP 1 (1%)

#COLON (87) (125) (250) (175) ©9
ADENOMATOUS POLYP, NOS 2 (2%) 1 (1%)

MUCINOUS CYSTADENO-
CARCINOMA 1 1%

#COLONIC SEROSA (87) (125) (250) (175) (99)
MUCINOUS CYSTADENOCA,

METASTATIC 1 (1%)

(1%)

[l V)
N b

o DN
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR)

DMH

IR

IR + DMH

IR/PW

DIGESTIVE SYSTEM
#CECUM 87
ADENOCARCINOMA, NOS
ADENOMATOUS POLYP, NOS
MUCINOUS CYSTADENO-
CARCINOMA
SIGNET RING CARCINOMA
#ASCENDING COLON (8T
ADENOCARCINOMA, NOS
ADENOMATOUS POLYP, NOS
MUCINOUS CYSTADENOCARCINOMA
SIGNET RING CARCINOMA
LEIOMYOMA
LEIOMYOSARCOMA
#TRANSVERSE COLON 87
ADENOMATOUS POLYP, NOS
ADENOCARCINOMA IN
ADENOMATOUS POLYP
MUCINOUS CYSTADENO-
CARCINOMA
#DESCENDING COLON 87N
ADENOMATOUS POLYP, NOS
ADENOCARCINOMA IN
ADENOMATOUS POLYP
MUCINOUS CYSTADENO-
CARCINOMA
LEIOMYOMA

(125)

1125)

- N

(125)

(125)
24

(1%)

(6%)
(1%)

(2%)
(4%)
(1%)
(1%)

(T%)

(19%)
(2%)

(1%)

250)

(250)

(250)

(260)

0%)

0%)

(175)

(175)

N W

(175)

(2%)

(5%)

(2%)
(3%)
3%)
(1%)

8 (5%}

1
a5
30

(2%)
(1%)
17%)

(1%)

(99)

(99)

1
99)

(99)

(1%)

URINARY SYSTEM
#KIDNEY (87
CARCINOMA,NOS
TUBULAR-CELL ADENO-

CARCINOMA 1 (1%)
LIPOMA 1 (%)
LIPOSARCOMA
MIXED TUMOR, MALIGNANT
CARCINOSARCOMA

#URINARY BLADDER (85)
TRANSITIONAL-CELL PAPILLOMA

(125)

13

(125)

(10%)
(1%)

(250)
1

(247)

(0%)

(0%)

(0%)

175)

34
(175)

(19%)

(99)

(98)

(1%)

(2%)

ENDOCRINE SYSTEM
#PITUITARY (87
CARCINOMA,NOS 4 (5%)
ADENOMA, NOS 49 (56%)
#PITUITARY INTERMEDIATE (8N
ADENOMA, NOS
#ADRENAL (87)
CORTICAL ADENOMA 4 (5%)
CORTICAL CARCINOMA
PHEOCHROMOCYTOMA 8 (9%)
PHEOCHROMOCYTOMA,
MALIGNANT 2 (2%)
GANGLIONEUROMA
#ADRENAL MEDULLA (87
PHEOCHROMOCYTOMA
PHEOCHROMOCYTOMA,
MALIGNANT
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(124)

31
(124)

(124)

(124)

148

(1%)
(25%)

(1%)
(1%)

(5%)

(1%)

(249)
14
103
(249)

(249)
10

23

(249)

(6%)
(41%)

(4%)
(2%)
9%)

(1%)

(175)

(1%)
(29%)

(3%)
(1%)
(5%)

(1%)

(100)

1
50

(100}

(99)

11

(99)

(1%)
(50%)

(5%)
(11%)

(2%)
(1%)



TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW
ENDOCRINE SYSTEM (Continued)

#THYROID (87 (124) (248) 174 (100)
FOLLICULAR-CELL ADENOMA 6 (7%) 7 (6%) 13 (5%) 9 (5%) 6 (6%)
FOLLICULAR-CELL CARCINOMA 1 (1% 5 (4%) 14 (6%) 7 (4%) T (1%)
C-CELL ADENOMA 11 (13%) 9 (T%) 26 (10%) 18 (10%) 20 (20%)
C-CELL CARCINOMA 11 (13%) 9 (7T%) 41 (17%) 12 (7%) 12 (12%)

#PARATHYROID (73 (119) (235) (164) 97
ADENOMA, NOS 1 (0%) 1 (1%)
C-CELL CARCINOMA, INVASIVE 3 (1%)

#PANCREATIC ISLETS (87) (124) (249) (175) (99)
ISLET-CELL ADENOMA 2 (2%) 1 (1%) 6 (2%) 1 (1%) 4 (4%)
ISLET-CELL CARCINOMA 4 (5%) 1 (1%) 7 (3%) 1 (1%) 3 3%

REPRODUCTIVE SYSTEM

*MAMMARY GLAND (88) (125) (250) (175) (100
CARCINOMA,NOS 1 (1%) 3 (1%) 1 (1%)
ADENOMA, NOS 6 (T%) 2 (2%) 21 (8%) 5 (3%) 11 (11%)
ADENOCARCINOMA, NOS 5 (6%) 9 (4%) 1 (1%) 4 (4%)
FIBROADENOMA 49 (56%) 36 (29%) 128 (51%) 41 (23%) 58 (58%)
CHONDROMA 1 (1%)

*VULVA (88) (125 (250) (175) (100)
FIBROSARCOMA, INVASIVE 1 (0%)

*CLITORAL GLAND (88) (125) (250) (175) (100)
CARCINOMA,NOS 5 4%) 16 (6%) 4 (2%) 4 (4%)
SQUAMOUS CELL CARCINOMA 1 (1%) 2 (1%)

*VAGINA (88) (125) (250) (175) (100)
FIBROMA 1 (1%)

FIBROSARCOMA 1 (0%)
ENDOMETRIAL STROMAL POLYP 1 (1%)
ENDOMETRIAL STROMAL SARCOMA 2 (1%)
ENDOMETRIAL STROMAL SARCOMA,
INVASIVE 1 (1%)

#UTERUS 87N (125) (249) (175) (99)
PAPILLARY ADENOCARCINOMA 1 (19%)
PAPILLARY CYSTADENOMA, NOS 1 (1%)
LEIOMYOMA 2 (2%) 1 (0%)

ENDOMETRIAL STROMAL POLYP 13 (15%) 7 (6%) 22 (9%) 15 (9% 10 (10%)
ENDOMETRIAL STROMAL SARCOMA 1 (1%) 2 (2%) 2 (1%) 2 (1%) 1 (1%)

#CERVIX UTERI (81 (125) (249) (175) (99)
FIBROMA 1 (0%)

LEIOMYOSARCOMA 1 (1%)
ENDOMETRIAL STROMAL POLYP 1 1% 1 (1%)
ENDOMETRIAL STROMAL SARCOMA 3 1%) 1 (1%)
ENDOMETRIAL STROMAL SARCOMA,

INVASIVE 1 (1%) 1 (1%)

#UTERUSJENDOMETRIUM (87) (125) (249) (175) (99)
CARCINOMA, NOS 1 (0%)

PAPILLARY CARCINOMA 1 (1%)
ADENOMA, NOS 1 (0%) 4 (2%)
PAPILLARY ADENOMA 1 (1%)

#0VARY (87) (125) (249 (174) (99)

PAPILLARY ADENOCARCINOMA 1 (0%)

THECOMA 1 (1%)

GRANULOSA-CELL TUMOR 1 (1%) 4 2%) 1 (1%) 2 (2%)
NERVOUSSYSTEM

#CEREBRUM (87) (125) (2501 (175) (100)
ASTROCYTOMA 1 (1%
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL
(UNTR) DMH IR IR + DMH IR/PW
NERVOUS SYSTEM (Continued)

#BRAIN (87) (125) (250) 175 (100)
CARCINOMA, NOS, INVASIVE 4 (6%) 1 (1%) 13 (6%) 1 (1%) 1 (1%) .
GRANULAR-CELL TUMOR, NOS 1 (1%)
GLIOMA, NOS 1 (1%)
ASTROCYTOMA 1 (1%) 5 (2%) 1 (1%) 1 (1%

*SPINAL CORD (88) (125) (260) 175) (100)
OLIGODENDROGLIOMA 1 (0%)

SPECIAL SENSE ORGANS

*EYE (88) (125) (250) (175) 100)
FIBROMA 1 (0%)

*EYELID (88) (125) (250) (175) (100)
SQUAMOUS CELL CARCINOMA 1 (1%)

*EAR (88) (126) (250) (175 (100)
SQUAMOUS CELL CARCINOMA 1 (1%)

*ZYMBAL GLAND (88) (125) (260) (175) (100)
SQUAMOUS CELL PAPILLOMA 1 (1%) 2 (1%)

SQUAMOUS CELL CARCINOMA 1 (1%) 14 (11%) 7 3%) 26 (15%) 2 (2%)

ADENOMA, NOS 1 (1%)

SARCOMA, NOS, INVASIVE 1 (1%)
MUSCULOSKELETAL SYSTEM

*MAXILLA (88) (125) (250) a7ms (100)
SQUAMOUS CELL CARCINOMA 1 (0%)

*FEMUR (88) (126) (250) a175) (100)
OSTEOSARCOMA 1 (1%)

*SKELETAL MUSCLE (88) (125) (250) (175) (100)
RHABDOMYOSARCOMA 1 (1%)

*ABDOMINAL MUSCLE (88) (125) (250) (175) (100)
MIXED TUMOR, INVASIVE 1 (1%)

BODY CAVITIES

*MEDIASTINUM (88) (125) (250) a7 (100)
MUCINOUS CYSTADENO-

CARCINOMA, METASTATIC 1 (1%)

*ABDOMINAL CAVITY (88) (125) (260) 175 (100
LEIOMYOSARCOMA 1 (1%)

*ABDOMINAL WALL (88) (125) (250) 175) (100)
MIXED TUMOR, INVASIVE 1 (1%)

*MESENTERY (88) (125) (250 (175) (100)
SQUAMOUS CELL CARCINOMA,

INVASIVE 1 (1%
MIXED TUMOR, INVASIVE 1 (1%)
ALL OTHER SYSTEMS

*MULTIPLE ORGANS (88) (125) (260) 75 (100)
ADENOCARCINOMA, NOS,

METASTATIC 1 (1%)
ALVEOLAR/BRONCHIOLAR

CARCINOMA, METASTATIC 1 0%
PAPILLARY ADENOCARCINOMA,

METASTATIC 1 (0%)
CORTICAL CARCINOMA,

METASTATIC 2 (1%)

C-CELL CARCINOMA, METASTATIC 1 (1%)
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE LIFETIME
FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued)

CONTROL

(UNTR) DMH

IR

IR + DMH IR/PW

ALLOTHER SYSTEMS
*MULTIPLE ORGANS (Continued)
MUCINOUS CYSTADENO-

CARCINOMA, METASTATIC 6
SIGNET RING CARCINOMA,
METASTATIC
SARCOMA,NOS
MIXED TUMOR, METASTATIC
CARCINOSARCOMA, METASTATIC
OSTEOSARCOMA, METASTATIC
THORACOLUMBAR REGION
OSTEOSARCOMA 1
PERINEUM
FIBROSARCOMA
LOWER LEG
OSTEOSARCOMA 1
FOOT
FIBROMA
ADIPOSE TISSUE
MUCINOUS CYSTADENOCA,
METASTATIC
MIXED TUMOR, INVASIVE
BROAD LIGAMENT
LEIOMYOMA

(88) (125)

bt

1 (1%)

(5%)

(1%)
(1%)
(1%)
(1%)

(250)

(175) (100)
10 (6%)

4 (2%)

ANIMAL DISPOSITION SUMMARY
ANIMALSINITIALLY IN STUDY 88 125
NATURALDEATH 19 26
MORIBUND SACRIFICE 60 83
TERMINAL SACRIFICE 9 16

250
39
186
25

175 100
32 14
117 (i
26 9

TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY

TUMORS** 86 123
TOTAL PRIMARY TUMORS 253 317

TOTAL ANIMALS WITH BENIGN

TUMORS 78 79
TOTAL BENIGN TUMORS 166 146

TOTAL ANIMALS WITH MALIGNANT

TUMORS 64 108
TOTAL MALIGNANT TUMORS 83 159

TOTAL ANIMALS WITH SECONDARY

TUMORS## 10 16
TOTAL SECONDARY TUMORS 11 17

TOTAL ANIMALS WITH TUMORS

UNCERTAIN--BENIGN OR MALIGNANT 4 12
TOTAL UNCERTAIN TUMORS 4 12

239
637

201
388

172
239

32
42

10

168 93
488 274

123 88
219 194

187 56
247 76

35 8
43 10

22 4
22 4

* NUMBER OF ANIMALS NECROPSIED

** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL

ANIMAL el 2 el el 2 el el ¢ ¢ 2 H 2 ¢ 2] 21 2] 2] ¢
NUMBER SU R 71 70 70 7] 71 7| 7| 7| 8| 8| 8| af a( & &l 81 &| &| 9| 9| 9| 9| 9
2l 1 4] 8| 61 21 & il _1 4 $1 21 81 91 01 9! 21 3] ¢
i 1 1 i1 1 L3 L [] [1] 1 o] s{ 9] o[ [ 1
STUDY 11 1| 3] ol 21 3| | 2] 2] 21 &) 3] 3| 3| 91 9| 8| 9| 2| 9f of 2 of 1} 1
mm 41 721 ¢} 8| o0 91 &t 01 2 1. 91 6! 91 8! 9| 4] 281 7] 6| 5| &f &1 31 2
KIN [ T T S S S T T I S TR S 2 T IR T Y R R R )
PAPILLOMA,
MSAL-CELL CARCINGHA
KERATOACANTHOMA
SUBCUTANEOUS TISSUE I T U S R TR TR N T T S S S R T T T R A )
SOUAHOUS CELL CARC!NOHA X
BASAL-CELL X
sARCOMA, hos " X
FI X X X X X X
FIBROSARCOMA X X
RESPIRATORY SYSTEM
LUNGS AND BRONCHI LT T I SR T T T BT T R R R DK 2 R R R R T R
SQUAMOUS CELL CARCINOMA
ALVEQLARI!RONCHIOLAR CARCINOMA
C=-CELL CARCINOMA, METASTATIC :
PHEOCHROMOCYTOMA, METASTATIC X
TRACHEA LR SR IR 2 T I I [N S I I T I I R T I I )
FIBROSARCOMA, INVASIVE X
HEFMATOPOIETIC SYSTER
BONE MARROW LS SR ST SRS ST TR SEE NN SN SR NEE R NUE R W SR N S NS BT SN N N
SPLEEN L R N . TR SN S NNE R NS SR NN R SR NN ST S N T . S, I N N )
LYMPH NODES LN SR N N NN SN NN SN JEE 2N NN NN TEE TR NN R N S S T N S N NN
THYMUS L . I I T T S BT S R AT T T IR T R
TIRCULATORY SYSTEN
HEART CYEE TR T S T AT T DK IR T Y R T S 2R I R R S B IR R I
TASTATIC X,
DIGESTIVE SYSTEM
SALIVARY GLAND PR T ST T T TN S T T Y B A K T R T R I ST R B S B
FIBROSARCOMA X X X
FIBROSARCOMA, INVASIVE
IVER I T T T S R R I I I I N L A L B
NEQPLASTIC NODULE X X
HEPATOCELLULAR CARCINOMA X
BILE DUCY PO R T . TOL W JUEE S S N N T SN R S S S NN NN T NN . . NN
GALLBLADDER & CTOMMON BILE DUCT N N N N N N N N N N N N N N N N K N N N N N N N _N
PANCREAS [ I B A 2 O DR I S P T S SR TR T IR R
ACINAR-CELL ADENOMA
ACINAR~CELL CARCINGCMA
ESOPHAGUS PR T S SR Y SR K SRR SR TR S S T N S SN TN SN SN S S A, .
STOMACH PR T TR T B TEE SR SUE K JEE N N S NN SR K B S SN SR, SN N, S S 4
SMALL INTESTINE PO T T TR T T T R B A T I R L DT B N R R 4
LEIOMYOMA
LARGE INTESTINE PO T L R T TR R T R T R TR B A S B B
HEMANGIOSARCOMA
URINARY SYSTEM
KIDNEY PRI T SN NEE TR T IR R TN SR TN NER T, L N N NS N N 2. 2. |
URINARY BLADDER I R RN N TR NN TN T T T S SR Y S BN I A 2 A D B B B
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANTMAL
NUMBER

WEEKS ON
STUDY

- -
8! 8 & 8] 8} 8l s 4

[P ST
N =D I A
N ~afa o N

11 8} ¢
4

b—..oﬂJ

o e o)

LIS BRVYY
jor & Yoy
ho i e}
oo o for ~anyf
o 00 o a~anf

LN— ~N
fo 1o
o @ o

41 3| 3 0 1] 1
4f 91 6 3 81 312

.
>

ENDOCRINE SYSTEM

PITUITARY + ¢
CARCINOMA, NOS
ADENOMA, NOS X X XX

-+
+
+
+
+
+*

X+
XX+
b3

ADRENAL

CORTICAL CARCINOMA
PHEQCHROMOCYTOMA X X
PHEOCHROMOCYTOMA, MALIGNANT X

THYROID

FOLLICULAR-CELL ADENOMA
FOLLICULAR=CELL CARCINOMA X X X X

C-CELL ADENOMA X X X X X
C=CELL CARCINOMA X X X X X
FIBROSARCOMA, INVASIVE X

PARATHYRO!D + o+
ADENO
C-CELL CARCINOHA. INVASIVE

PANCREATIC ISLET TR T T T ST T T S S I BT SR AR e
ISLET-CELL ADENOMA b3
ISLET-CELL CARCINGHA

REPRODUCTIVE SYSTEM

MAMMARY GLAND + N + + + 4 + + + ¢+ + 4
ADENGMA, NOS
FIBROADENOMA

X+

X+

<
< +
< +
p<
P+
p< +
p<
D¢ +

TESTIS
INTERSTITIAL-CELL TUMOR X

PROSTATE v+
MESOTHELIOMA, NOS

FREPUTIAL/CLITURAL GLAND N N
CARCINOMA
$QUAMOUS CELL CARCINOMA
ADENOMA,

ﬁ!!VﬁﬂE'SYSTEH

DS +
D¢+
+ ke
+ pece
b< +
2
D¢
DC
B¢ +
+ [+ ¢ +
+
+*
+ P+ P+

E K+ X+
+*
+

X+

BRAIN
CARCINOMA, NOS, INVASIVE
ASTROCYTOMA X

SPECYAL SENSE ORGANS

ZYMBAL GLAND L TR
CARCINOMA, NOS
SQUAMDUS CELL CARCINDMA

AUSCUTGSKELETAL SYSTER
BONE N N N N +# N NNMKNNHNMNENENNNNDNNNNNN

Oy CA

PERITONEUM N N N N N N N NN NNNNNNNNMNNNNNKN NN NN
MESOTHELIOMA, INVASIVE

TUNICA VAGINALIS P T S S R T T TR I T IR DK I A I I A B e

MESOTHELIOMA, NOS
MESOTHELIOMA, MALIGNANT X

MESENTERY M. N N N N N N N N NN NNMNNNNNNNNNNNN
MESOTHELIOMA, INVASIVE

ATT OTHER SYSTEMS

HULT!PL! ORGANS N N N N N N N N N N N N N N N N NHNWHNNMBNNMNNNN
c-CELL AnexuonA. nzrasrArzc
SARCOMA, NOS, INVASIV
n:suTH:LlonA. INVA:: ! X
STEOSARCOMA, METASTATIC
HALIO LYMPHOHA. HISTIOCYTIC TYPE

X+

MONOCYTIC LEUKEMIA X X X X X X X
CLEAR CELL X X
41 TISSUE zxun:nzn MICROSCOPICALLY 1 NO TISSUE INFORMATION SUBMITTED
-1 REGUIRED TISSUE NOT EXAMINED MICROSCOPICALLY C: NECROPSY, NO HISTOLOOY DUE TO PROTOCOL
Xt TUMOR INCIDENGCE At AUTOLYSIS
Ni  NECROPSY, NO AUTOLYSIS, NO MICROSCOPIC EXAMINATION Mi  ANIMAL MISSING
§t ANIMAL MIS~SEXED ‘ B+ NO NECROPSY PERFORMED
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE -RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANTMAL T 2 2] 2] 3] & 3 ST ST 31 31 3] 31 ST o 3T 3
Hiraer {HEHHHHHHEE HHEEHEHE R
WEERS OR 1 11 0] O] of S| o 1 1f of T
STUDY &) 01 271 91 4] 171 8] 31 21 3] o] 11 2] 2] 3| of 31 9| 91 2] 2} 11 o] 6] 1
41 9f 11 41 ol 9t 91 11 9! 41 41 &) 21 01 ol 5% 5| 11 4§ & 91 31 91 ¢
TRTESUMENTARY SYSTEM
SKIN LR R T T T I T T K B I 4+ 2+ 2 ¢ P N
PAPILLOMA, NOS X X
BASAL-CELL CARCINOMA X
KERATOACANTHOMA
SUHCUTANEOUS TISSUE LI I I TN T 2K T RN R AN 2K T I T T ST T I R I
MOUS CELL CARCINOMA X
lASAL-CEL TUMOR
SARCOMA, NOS
FIBROMA X X X X
FIBROSARCOMA X X X o
RESPIRATORY SYSTEN
LUNGS AND BRONCHI T 2 T S N T S LI JEE SN S R JEE TEY TR Y R DR I I

X

SQUAMOUS CELL CARCINOMA

ALVEOLAR/BRONCHIOLAR CARCINUHA
C~CELL CARCINOMA, METASTATIC . X
PHEDCHROHOCYTOHA. H!TASTATIC

TRACHEA
FIBROSARCOMA, INVASIVE

HAEMATOPOIETIC SYSTEN
BONE MARROMW LI R K I S SR R NN NN NN N NN SR SR NN R NI NN R N +
SPLEEN LR TR SN T R R R R N R SRR T Y N N T N S R )
LYMPH NODES $_F b P P P b s P b P b s+ C s s
THYMUS [ 2EC IR IR T T I T I I 2R T TR DY BT SR D R 2 IR R - R
CIRCULATORY SYSTEN
HEART LR I TN I 2K N T R R R R Y SN I R T Y I R S - A
A ASTATIC
DIGESTIVE SYSTEM
SALIVARY OLAND LI SR S T R T BT Y BT R Y R R K TR T I IR R R I R
FIBROSARCOMA
FIBROSARCOMA, INVASIVE X o
ER [N SRR SR I I S T T B T T TR R K T T 2R 2 R - B B 1
EOPLASTIC NODULE X
M!PATOCELLULAR CARCINOMA
SILE DUCT T R SR R R TR SRR UK NN N SN CNEE NN SR SR N . TR SR TN N - . )
GALLBLADDER & COMMON BILE DUCT N N N N N N N + N N N N N N N N N N N N N N NN
PANCREAS T T T S 2K T T IR T Y I I R I 2 DR DR T R N - B
ACINAR-CELL ADENOMA
ACINAR=CELL CARCINOMA
ESOPHAGUS ISR ST SR SN TR R TN TR TR SR JEE NN N R N NN ST N NEK T K N - )
STOMACH [N N W SR S NN ST NN TR SN JER TER NN R NN TN TR U N R NNE T - K
SMALL INTESTINE LR I N T S 2 R I NEE T R TR B B SRR K I R T R B Y A
LEICMYOMA
LARGE INTESTINE IR AR I IR I IR IR R VIR 2 D I T SR R S - B
HEMANGIOSARCOMA X
URTNARY SYSTEN
KIDNEY TR SR SR TR NN IR TR SN SR SR SN T R TN T TN N SR S B - 2 )

URINARY BLADDER (IR I I N 2 I I R T I IR K I TR N 2R DR SN R I - R
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIMAL 2] 21 21 21 2 313 St 31T 31 31 31 31 31 31 31 3 a1 31 3131 3
NUMBER 91 91 91 91 9] of of 0 0f o of of 6f of s} | f | 91 0} 1} 8} 1} ¢
L -3 1 ] 2 41 .51 61 7 gl ol t1 21 31 ol 51 6] 71 81 9
17 1] o of 1) ef tf of of ¢f o) of of of ¥ ] of o) o] ] f 1§ of 1
$TUDY 41 0] 21 9f «f ¢ 8] 3¢ 2[ 3] 4| 1| 2} 21 3| o} 31 9| 9| 2| 2f 1| o} 6| ?
4] 91 11 61 ol ol 91 1] 9| ¢! &4f 8% 71 o) ol 51 5! 1] &1 6; 11 91 31 9] ¢
PITUITARY + 0+ T T LI B SR 2 D T T S T R S S S S K )
CARCINOMA, NOS
ADENOMA, NOS X X X X
ADRENAL LR IR + L N O T 4+ o+ C
CORTICAL CARCXNOHA X
PHEQCHROMOCYTOMA X X X X X
PHEOCHROMOCYTOMA, MALIGNANT
01D L S T T S S R ST SRR 2R S T T S SR S SR Y
FOLLICULAR CELL ADENOMA
FOLLICULAR-CELL CARCINOMA X
C-CELL ADENO 4 X X
C=CELL CARCIN 0 X X X X X
FI!ROSARCDMA. INVASIVE
P:RDQTHYROID 00;#-4+¢¢+4~-+¢¢4+-+¢4+c-+
X
C-CELL CAICINDM, INVASIVE X
PANCREATIC ISLETS LI Y S R S T T R R e R I T I T T -
ISLET-CELL ADENOMA S
ISLET=CELL CARCINOMA
REPRUBUCTIVE SYSTEM
MAMMARY GLAND [ T R T T 2L T T T Y T S S T S R P S T A
ADENOMA, NOS
FIBROADENOMA
TESTIS DR I T S S R TR ST Y T T T T T T S T T T T S
INTERSTITIAL-CELL TUMOR X X X x X X X X X X X X X X X X X X x X X X
PROSTATE LI * ¢+ + ¢ LR SN R 2 TR TR T I ) + C + +
MESOTHELIOMA, NOS
PRE:UT!GLICL!TOML GLAND N N N N N NN NN NNNNMNNNNNNNNENNNN
SQUAMOUS CELL CARCINOMA
ADENOMA, NOS X
NERVOUS SYSTEM ¥
BRAIN I B I A I I T I T T T I S IR IR 2 T T I TR SR <R
CARCINOMA, NQS, INVASIVE
ASTROCYTOMA
SPECTAL SENSE ORGANS T
ZYMBAL GLAND LI I I I T S I B 2 2 TR T D N IR R IR 2 K
CARCINOMA, NOS
SQUAMOUS CELL CARCINOMA
HUSCUTOSKELEYAL SYSIEM
BONE NNNNNNNNNNNNNNNNNNNNNNN;N
Y CAVITIE
PERITONEUM N N N N N N NN N N NN NNNNNNMNNNNNNN
MESQTHELIOMA, INVASIVE X
TUN!CA VAGINALI! LR T SR 2N TR T 2 PR Y S ST T T R N TR N N
MESOTHEL I0M, X
HESUTHELIOM. HALIONANT X
MESENTERY N N N N N N N N NN NNNHNSKNNNNNDNNNNN
MESOTHELIOMA, INVASIVE X )
AUT OTHER SYSTEMS
MULTIPLE ORGANS NOS ﬁNNNNNNNNNNNNNNNNNNNNNNNN
C-CEI.L CARCINOMA, METASTATIC
SARCOMA, NOS, INVASIVE
MESOTHELIOMA, INVAS!VE
OSTEQOSARCOMA, METASTATIC X
MALIG.LYMPHOMA, HIST!DCYT!C TYPE X
MONOCYTIC LEUKEMI X X X X X
J.EAR QELL
155 Chrysotile Asbestos, NTP TR 295



TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

"ANIMAL Ty 3T 3] 31 4 3 T 3 3 ST 3] 31 3
NUMBER 2] 2| 2) 2} 2| 2| 2} 2] 2| 2| st 3 3 3 4] &1 4] o] ¢
ol 11 2 41 8 1 4 gL 13 2] 3) ¢
W 11 k] 1 o] 1 11 90
STUDY 8l &7 &) 2| 1} 2] &) 3§ 3] ¢ «) of 2 oy 31 3| 3| 8] ¢} 8] 1] 3] 21 3| 8
TRTESOFENT A ET S ST e L] 11 31 65 91 2] 61 ) 41 7] ¢4 21 21 al 81 21 ¢} t1 of 2% 61 81 21 &} 31 .3
SKIN N ¢ + + + & LR BN R 2 T T DY DR N I I IR R B e +- +
PAPILLOMA, NOS . X
BASAL-CELL CARCINOMA X
KERATOACANTHOMA X
SUBCUTANEOUS TISSUE N + ¢ ¢+ & ¢ & . 0 4+ 2 & 2 4 ¢+ % .+ 4+ %+ % ¢ 4 + 4 ¢
SQUAMOUS CELL CARCINGMA : X
BASAL-CELL TUMOR
SARCOMA,
FIBR X X X X X
FIBROSARCOMA X
RESPIRATORY SYSTEN
LUNGS AND BRONCHI C + ¢+ ¢+ % % ¢+ + & LI T SR IR T T S T T T T )
SQUAMOUS CELL CARCINOMA
ALVEOLAR/BRONCHIGLAR CARCINOMA X
C~CELL CARCINOMA, METASTATIC
PHEOCHROMOCYTOMA, METASTATIC
TRACHEA C + + & ¢ & & 2 F F F F P e
FIBROSARCOMA, INVASIVE
HEMATOPOIETIC SYSTEM
BONE MARROW C + & & 4 & + + 3 2 b b b P S sY s F 4
SPLEEM C bt $ & & & ¥ & b+ S P P Sl P e s s
LYMPH NODES C & + & & & & & o b+ b b e s b s e s e s
THYMUS C = ¢ 2 # ¢ = 2 2 P b EE = E e
TIRCULATORY SYSTEM
HEART C + & & & ¢ 2 & 2 2 2 b P Y
)
SALIVARY GLAND C + + ¢ + + + ¢ 2+t F e
FIBROSARCOMA :
FIBROSARCOMA, INVASIVE
IVER C 4+ + 2+ 2+ AP
NEOPLASTIC NODULE X X
HEPATOCELLULAR CARCINOMA
BILE DUCT C ¥ + & & & 4 + + + 4+ (3R ) 2 P &
GALLBLADDER & COMMON BILE DUCT N N N N N N N NN N_N N NN NN
PANCREAS cC ¢+ ¢+ + + » LR * + ¥+
ACINAR-CELL ADENOMA X X
ACINAR~CELL CARCINOMA X
ESOPHAGUS C + & & b b b+ b+ PR B I ) LI N N Y
STOMACH : C & & & & & ¢ + 4 LI IR N N S N N ) 4
SMALL INTESTINE C + & & ¢ + ¢+ 2 4+ [ T S R T R Y R T T I
LEIOMYOMA X
LARGE INTESTINE [ IS S S B T T T R Y TR IR UL TR I Y B R T Y I
HEMANGIOSARCOMA
URINARY SYSTEM
KIDNEY [ I T R, S IR T NN B N R S SR TR SN YR N NN N NN NN SN N N )
URINARY BLADDER C * ¢ + 2 2 2 P b F Pl E ey
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTO0S: UNTREATED CONTROL (Continued)

ANIMAL 3 373 3 sl 3f 313 ST 3] 3} 31 3
NUMBER 2 2y 2| 2] 2 3| 3 31 3§ 3| 3 3 4| 4] 4] &} ¢
1 41 5 41 5 1 91 ol 11 .2 4
1 1 1 1] 1 [ 0] 1] 1t tl t] ¢
* STUDY 0] & &) 21 11 2] &| 3] 3] &f &} o) 2] ol 3| 3t 3! & | 8| 1{ 3} 2] 3{ 8
$1 31 &i 9l 2] 61 6] 61 2} 6] 21 21 &) 2 21 91 | o) 21 61 &1 7% 61 31 3
ENDOCRINE SYSTEM
PITUITARY C + + + 4 F F 4+ 0+ F R A F Y s
CARCINOMA, NOS
ADENOMA, NOS X X
ADRENAL C + ¢+ 4+ % ¢ % & + 3 ¢ 4+ F 4 2 e+
CORTICAL CARCINOMA X
PHEOCHROMOCYTOMA X X X X X X
PHEQOCHROMOCYTOMA, MALIGNANT .
THYROID [ TR T T T T SR S S T T T I I I T T T S T A )
FOLLICULAR~CELL ADENOMA
FOLLICULAR-CELL CARCINOMA
C~CELL ADENOMA X X X X
C-CELL CARCINOMA X X X X X X X X
FIBROSARCOMA, INVASIVE
PARATHYROID C + + + + ¥ + + F + ¥ = F + + ot v e
ADENOMA, NOS
C-CELL CARCINOMA, INVASIVE
PANCREATIC ISLETS C + + + & + 4 + + 4+ + & + ¥ + 4+ + 4 0+ o+ o+ o+ o+ o+
ISLET-CELL ADENOMA X X N b4
ISLET-CELL CARCINOMA X
NAEEARY GLAgg N ¢+ ¢ 4 4 4+ ¢+ & 4+ ¢ ¢ ¢ & N + ¢ 4+ ¢+ 4+ ¢ ¢ %+ ¢+ + 3
FIBROADENOMA X
TESTIS C 4+ + + 4+ 4+ & + + F F F F o+ 4+ 2+ 4 r e
INTERSTITIAL-CELL TUMOR X X X x X x X X x xX x x X X X X X X X X X X X X
PROSTATE C + % & + + 4+ + F 0+ 2t 2 e s
MESOTHELIOMA, NOS
PzE;gIIAL/CLITURAL GLAND N N N N N N N N N N N N NNNNMNNNN ; N N N N

SQUAMOUS CELL CARCINOMA
ADENOMA, NOS

NERVOUS SYSTEM

BRAIN
CARCINOMA, NOS, INVASIVE
ASTROCYTOMA

SPECTAL SENSE ORGANS

ZYMBAL GLAND N + + ¢ 4 & 4+ & ¢ & 4+ + 4+ 4+ % + 4+ ¢+ & 2 + + + + 4+

CARCINOMA, NOS
$QUAMOUS CELL CARCINOMA X

MUSCULOSKELETAL SYSTEM
BONE NN N
BODY CAVITIES '

PERITONEUM N N N N N N NN N NNDN NNNNNNNNNNNNN
MESOTHELIOMA, INVASIVE

TUNICA VAGINALIS N + & & & &+ 4 + % + & % ¢+ 3+ & + %+ + 3+ + & »
MESOTHELIOMA, NOS
MESDTHELIOHA. MALIGNANT

MESENTERY N N N N N N NN N NNNMNNNNNNNNNNNNH
MESOTHELIOMA, INVASIVE

BUT CTRER SYSTEMS

MULTIPLE ORGANS NOS N N N N N N NN NNNNNNNNNNNMNNWNNNN
C-CELL CARCINOMA, METASTATIC X

SARCOMA, NOS, INVASIVE

HESDTHELIDHA. INVASIVE

OSTEQSARC METASTATIC

MALIG. LYMPHOHA. HISTIOCYTIC TYPE
MONOCYTIC LEUKEMIA X X X X X X X X x X X X

CLEAR CELL X

p<x

»+
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANIMALC HEBIRIBIEBIERIE 3 k
NUMBER 4 &1 41 4| &) 5| 3 5
1 ? z 1 : 4 TOTAL
1 TISSUE
STUDY 0 11 o] 2} &f 1| 1] 3| 1§ 3] 1] 2] 2 runong
3. 28 ol 3] &} 1 21 3] 61 6] 81 3
TRTESUNENTARY SYSTEM

SKIN N + & + + + ¢ & ¢ ¢+ ¢ + + [Y1]
PAPILLOMA, NOS X S
lASAL-CELL CARCINGMA 2
KERATOACANTHOMA 1

SUBCUTANEOUS TISSUE N ¢ ¢ & & 2 + ¢ ¢ ¢+ & ¢ ¢+ 88
SQUAMOUS cELL CARCINOHA 3
BASAL-CELL 1
SARCOMA, HOB !
FIBROMA X X 17
FIBROSARCOMA X 7

RESPIRATORY SYSTEM
" LUNGS AND BRONCHI cC + I S A T A 8s

SQUAMOUS CELL CARCINOMA 1
ALVEOLAR/BRONCHIOLAR CARCINOMA X 2
C-CELL CARCINOMA, METASTATIC 1
PHEOCHROMOCYTOMA, METASTATIC ]

TRACHEA C + + + + ¢ F Pt s 1]
FIBROSARCOMA, INVASIVE 1

HEMAYOPUTETIC SYSTEM

BONE MARROW C ¥ + ¢+ + + 4+ &+ & & & + ¢ s |

SPLEEN C & & & 4 4+ b4 Iy ]

LYMPH NODES C 4 & + & & 4 3 + ¥ + + 4 25

THYMUS C + = = + + + ¢ ¢+ ¢+ + = ¢ 62

TIRCULATORY SYSTEN
HEART C + ¢+ 4+ ¢ + + 4+ ¢+ P+ F1
TIVE §

SALIVARY OLAND C + + + & * ¢+ 2 4+ P+ se
FIBROSARCOM 3
F!BROSARCOM. INVASIVE ‘ 1

LIVER C + + + + + & ¢+ + & + ¢+ 4 [1]
NEOPLASTIC NODULE X []
HEPATOCELLULAR CAROINOHA X 2

BILE DUCT g ¢+ ¢ 3 $ ¢ & & 2s

GALLBLADDER & COMMOM BILE DUCT N NN N N N N N N age |

PANCREAS c + ¢ L T ¢+ * 8s
ACINAR~CELL ADENOMA X 3
ACINAR=CELL CARCINOMA [

ESOPHAOUS + LI JE SR + & - 83

STOMACH U S I ) * + 0 3]

SMALL INTESTINE [ LR B LI A ] + a5
LEIOMYOMA 1
LARGE INTESTINE C + * + ¢ & & * ¢+ ¢ 'Y
HEMANGIOSARCOMA 1

URTRARY SYSTEN

KIDNEY LR S R NN RN K IS TR I as

URINARY BLADDER LR R R R T O I R A 84
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued)

ANTMAL
NUMBER

5

3

TOTAL

WEEKS ON
STUDY :

v ——————————

oo © ol 0

N e =fon 2 04

ok a R P

RAN —J00 5 ud

B p0 S0

LRt AT
ot e

el

[

TISSUES
TUMORS

ENDOCRINE SYSTEM

PITUITARY
CARCINGMA, NOS
ADENOMA, NOS

ADRENAL

CORTICAL CARCINOMA
PHEOCHROMOCYTOMA
PHEOCHROMOCYTOMA, MALIGNANT

THYROID

FOLLICULAR-CELL ADENOMA

FOLL!CULAR CELL CARCINOMA
C-CELL DE

C-CELL C CI

FIBROSARCOMA, !NVAS!VE

PARATHYROID
ADENO NOS
C-CELL CARCINOMA, INVASIVE

PANOREATIC ISLETS
ISLET-CELL ADENOMA
ISLET-CELL CARCINOHA

X

*

+*

]
4
14

X + Ppc
+

85
1

- 2]

84

x pes

1
1

--ouul’_

78
3
!

85
H
3

REPROBUCTIVE SYSTER

MAMMARY GLAND
ADENOMA, NOS
FIBROADENOMA
TESTIS

INTERSTITIAL-CELL TUMOR
PROSTATE

MESOTHELIOMA, NOS
PREPUTIAL/CLITORAL GLAND

CARCINOMA H]
SQUAMOUS CELL CARCINOMA
ADENOMA, NOS

¢ +

p¢ +

p< +

e +

PC +

< +

84
19

+* r+

1.1

NERVOUS SYSTEM

BRAIN
CARCINOMA, NOS, INVASIVE
ASTROCYTOMA

SPECIAT SENSE ORGARS

ZYMBAL GLAND
CARCINOM
SQUAHOUS CELL CARCINOHA

RUTCUTOSKELETAL SYSTEN
BONE

11
2

PERITONEUM
MESOTHELIOMA, INVASIVE

TUNICA VAGINALIS
MESOTHELIOMA, NOS
MESOTHELIOMA, MALIGNANT

MESENTERY
MESOTHELIOMA, INVASIVE

a8%

11
1

RCT OTHER SYSTEMS

MULTIPLE ORGANS NOS
C~CELL CARCINOMA, METASTATIC
SA SIVE

IN ASIV
OSTEDSARCOMA, METASTATIC
MALIG.LYMPHOMA, HISTIOCYTIC TYPE
MONOCYTIC LEUKEMIA
CLEAR CELL

n
ftO8 s s s ma

% ANIMALS NECROPSIED
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE

]
6l 6| ¢

ANTNAL ¢ 4] &
NUMBER 5| 5t °

- 5
-

O —oid B
Lo 00 Jos 2 &
fo 1o —Jos te 24
YTy
hors —ja o 9]
SR FY W
fon ]

Lo o jor o 94
o 00 afe o 2
| 0 oo~ #

STUDY

[ N
—

fo 0 —Jusan o
kO 1 - aan &

QMJDOA

]
]
1
i

TRTEGURENTARY SYSTEN

SKIN

SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA
TRICHOEPITHELIOMA X X b4

KERATOACANTHOMA X X

!UICUTAN!OUS TISSUE C2EE B R S A T N I T S TR T O TR R TR S TR S R S R
SQUAMOUS CELL CARCINOMA

rn:cno:rxr ELIOMA

SARCOM NGS X
'!BROHA

FIBROSARCOMA
LIPOMA

RESPIRATONY SYSTEN
LUNGS AND BRONCHI LT T Y T SR 2 I R T R R R I TR K IR R I R I I K e

ADENQOCARCINOMA, NOS, METASTATIC
ALV!OLARI!%ONCHIULAR ADENOMA

+
+

» + b

X+
+
=
+
+
x
*
+
*
*
+
*
+
+
+
+*
+*
+
+*

METASTATIC
HEMANGIOSARCOMA, METASTATIC
OSTEOSARCOMA, METASTATIC

TRACHEA CIE BN SR TR TR SR S S T SR SN NN TN R NN SR RN N S )

NASAL CAVITY B M N N N N N N N N N NN NNNNNWNN
ADENOMA, NOS

FERATOPOYETIC SYSTEN

BONE MARROMW LRI I T TN SEE ST NN CNNE SEE SR SR NEE SN NEE N SR JEE TN S SN SR N )

Ko

SPLEEN LT B R T TR T AT Y SR B Y AR 2R T IR BT I Y IR I I I I
MALIO.LYMPHOMA, HISTIOCYTIC TYPE

LYMPH NODES LT T S S T T T T AR Y ST ST 2 I I T I Y B S R e
SQUAMOUS CELL CARCINOMA, nzrnsrar
MUCINOUS CYSTADENOCA. METASTA
SIGNET RING CARCINOMA, HETASTATIC
SARCOMA, NOS

THYMUS LI IR D T T T T I Y N IR R I IR T IR T R T T 2R N R Y
HEART C T N S Y ST T R T S T S S R I R T T T R I S R )

SALIVARY GLAND LI T R S T TR T ST T R TR 2 I T R T T T TR R R )
SARCOMA, NOS

o+
>+
X+

LIVER

NEOPLASTIC NODULE

H!PATOC!LLULAR CARCINOMA X X

HEMANGIOSARCOM.

MALIG. LYHPNOHA. HISTIOCYTIC TYPE
BILE DUCT [3
GALLBLADDER & COMMON BILE DUCT M. N N N N _N N N N N_N N N N N N_ K N K N N N NN N
PANCREAS .

ADENQCARCINOMA, NOS

ACINAR-CELL ADENOMA X X
ES0PHAQUS 4 4
STOMACH 230
SMALL INTESTINE

LARGE INTESTINE ¢ ¢+ ¢

[+
[+
i+
|+
[+
L4
4+

+
*
+
+
+*
+*
*
+
-
+*
*
*
>
*
*
*
+*
+*
+
+
+

K + |+ j*r I+
+ e e e
t e b bs
s et |+

!
e |+
+* I I+ I
+ fe P e
+ b b }e

e

L |
PO 7O MO
x + b b |
+* 4+ I+ |+
* ¢ ¢ It
e v Jeo |+
PO PO
rfe o v
+ j¢ J+v I+
x+ I+ |+ I
x + h v }e
* 1 J+ |+

MUCINOUS CYS TADINOOA. HlTA!TAT!G
SIGNET RING CARCINGMA

RECTUM I ST R A B T I T R Y TR Y R I 2R R IR I Y I ]
9
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued)

ANIMAL Gl 4] 4] ] &] &1 & o] & ] & 4] af 4| 4 | 4l 4] «f 4] o] 4] o[ & ¢
NUMBER b 4| «f 4| 51 5] S| S| 51 5| 51 51 5| 5} 6l 6| 6| 6| 6} 6| 6| 6| 6} 61 7
$l 21 81 91 ol sl 21 31 o) 5| 61 71 81 91 0] 1] 2! 3§ | S| 61 71 81 91 8
K 1]t 9« e o] of 1] OF O of of o0 tf 1 of of o +1 ¢{ #{ [ o] 6] ©
STUDY 2| 21 2 1} 61 9 of 2| 72| &| 2f 2] 2| 1| 2| 6| 91 &1 o] 2| 2| 1} o 8] 9
URTRARY-SYSTEM 8! 21 9t ¢] 51 51 21 91 721 1) &) 9t ot 721 9of 5] 21 &8} 1! ol ol & of 0f 1
KIDNEY IR I I T T T TR R T R S 2 T T T R SR T T 3
TUBULAR-CELL ADENOCARCINOMA
MIXED TUMOR,  MALIGNANT X
URETER N NN NNNNKNMNNNNNKNMNNNNNNNNNNNNN
MIXED TUMOR, MALIGMNANT X
URINARY BLADDER [ N 2 T I I DR DT BT S R I T DR I I T I S T S T T R 1
PAPILLOMA, NO
TRANSITIONAL=- CELL PAPILLOMA
ERDOCRINE SYSTEM
PITUITARY [N TR T 2 R T T 2 T T I T R R YK 2 T T T S Y
CARCINOMA, NOS X
ADENOMA, NOS X
ADRENA LI S 2K T T R R T T T TR T T S T T T T S S
PHEOCHROMOCYTQMA X X X X X X
THYROID L SRR I I N A L N . T T S T S A N )
FOLLICULAR-CELL ADENOMA
FOLLICULAR-CELL CARCINOMA X X X
C-CELL ADENOMA X X
C-CELL CARCINOMA X X X X
PARATHYROID [ ST ST TN 2 R T T S Y Y T LR I T I
ADENOMA, NOS
PANCREATIC ISLETS [ I S 2 I B Y T B B TR TR S T Y T DN 2 D T S
ISLET-CELL ADENOMA
ISLET~CELL CARCINOMA X
REFRODUCTIVE SYSTEM
MAMMARY GLAND LR S TR TN T EE 2 T T Y T T T T Y R T DR 2 T T T Y S
ADENOMA, NOS
ADENOCARCINOMA, NOS
FIBROADENOMA X
TESTIS L R T T IR R K T Y I ST K T ST R B REE B JEE R IR R T R
INTERSTITIAL-CELL TUMOR X X X X X X X X X ¥ X X X X X X x ¥ X X X X X
INTERSTITIAL-CELL TUMOR., MALIGNAN
PROSTATE O S T
ADENOMA, NOS X
PREPUTIAL/CLITORAL GLAND H N N N N NN NN NNNNNNNNNNAWNNNNNN
CARCINOMA, NOS X X
SQUAMOUS CELL CARCINOMA
NERVEUS SYSTEN
BRAIN [ SRR 2 N 2T BT T Y S T R Y T SRR R BN I A R R
CARCINOMA, NOS, INVASIVE
SPINAL CORD N N N N N N N NN N NNNNNS+NNNNNNNNN
NEURILEMOMA, MALIGNANT X
SFECIAL SENSE ORGANS
EAR [ BT D T DT S R I TR T T Y R I I N R R D T Y B R R
FIBROSARCOMA - X
ZYMBAL GLAND LR T T S T S ST T S S S S S T 2 T TR T T T T S R
CARCINOMA X
SQUAMOUS CELL PAPILLom X
SQUAMOUS CELL CARCINOMA X
BODY CAVITIES
TUNICA VAGINALIS T A T T T TR 2 JE T T S S S S S
MESOTHELIOMA, NOS
MESOTHELIOMA, MALIGNANT X
MESENTERY N N N N N N NN N N NN NN NNNNNNNNNNNNN
SARCOMA, NOS
MULTIPLE ORGANS NOS N N N H N N N N N NN KNIKNMNNNNNNWBNNNN
ADENOCARCINDHA. NOS, INVASIVE
DENOCARCINOMA, NOS, METASTATIC
MUCINDUS CYSTADENOCA, METASTATIC X X
MESOTHELIOMA, METASTATIC X
MALIG.LYMPHOMA, HISTIOCYTIC TYPE “
MONOCYTIC LEUKEMIA X X X X
LEUKEMIA, MONONUCLEAR CELL X
BASE OF TAIL
RHABDOMYDSARCOMA
SCROTUM NOS
FIBROMA
TASTATIC
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued)

S1 ] &1 & 4 4 41 &
7 £ &

ANIMAL

NUMBER z ?
WEERS ON

STUDY 7{ &

41 9 8

s N ol ~2 3

O I —afOn ~3

= =a —af00 ~2 9}

[N~ Ol @ #

O~ —IN3 0
s o X,
jOh ca 1D @ P
o © Lpnw »)

Nvolew

— Ty
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
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TABLF B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued)

ANIMAL
NUMBER

K
STUDY

o 19 o] o nf

O ~3 D A\

4

o N ol A

ON»hN\I

AR s o O WY

jt 0 OO AN

N @ ooe N

o w ofo nw

[ w o wa

[ 0 O (i W

i 0 P (1 ]

> 08 O ¢4

L5~ Ov 5 (e )

o~ © 0 & W)
o © a5 Y

el e Y
o © o ]

O N i e
[~ 08 ©3]—~ & U}

jor o fa 0

Lp.-—L.uul
A e sl S0

o o
NV © =08

URTNARY SYSTER

KIDNEY
TUBULAR~CELL ADENOCARCINOMA
MIXED TUMOR, MALIGNANT

URETER
MIXED TUMOR, MALIGNANT

URINARY ILADDER
PAPILLOMA
TRANSIT!DNAL-CELL PAPILLOMA

+

+

+

+

+

+

+

.
+
+
-
+*
+
+
+
+
-
+

ENDOCRI

PITUITARY
CARCINOMA, NOS
ADENOMA, NOS

ADRENA
PHEOCHROHOCYTBHA

THYROID
FOLLICULAR-CELL ADENOMA
FOLLICULAR-CELL CARCINOMA
C-CELL ADENOM.
C-CELL CARCINOHA

PARATHYROID
ADENOMA, NOS

PANCREATIC ISLETS
ISLET~CELL ADENOMA
ISLET-CELL CARCINOMA

REPRODUCTIVE SYSTEM

MAMMARY GLAND
ADENOMA, NOS
ADENOCARCINOMA, NOS
FIBROADENOMA

TESTIS
INTERSTITIAL-CELL TUMOR
INTERSTITIAL-CELL TUMOR, MALIGNAN

PROSTATE
ADENOMA, NOS

PREPUTIAL/CLITORAL GLAND
CARCINOMA,
SQUAMOUS CELL CARC!NOHA

x4+

o+

»+

o+

»+

4+

X+

x+

o+
X+
»
x
xe+
x+
x
x
X+
X+
x

NERVOUS SYSTEM

BRAIN
CARCINGMA, NOS, INVASIVE

SPINAL CORD
NEURILEMOMA, MALIGNANT

SPECIAL SENSE ORGANS

EAR
FIBROSARCOMA

ZYMBAL GLAND
CARCINOMA, NOS
SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA

BODY CAVITIES

TUNICA VAG!NAL!S
MESOTHELIOMA, NOS
MESOTHELIOMA, MALIGNANT

MESENTERY
SARCOMA, NOS

ALL OTHAER SYSTEMS
MULTIPLE ORGANS NOS

'] D

MESOTHELIOMA, METASTATIC
MALIG.LYMPHOMA, HISTIOCYTIC TYPE
MONOCYTIC LEUKEMIA

LEUKEMIA, MONONUCLEAR CELL

BASE OF TAIL
RHABDOMYOSARCOMA

SCROTUM NOS
FIBROMA
TASTATIC

167

Chrysotile Asbestos, NTP TR 295



TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
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TABLE B3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS:
1,2.DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued)
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE- RAVGE CHRYSOTILE ASBESTOS INTER‘VIEDIATE RANGE (Continued)
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued)
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TABLE B3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED

STUDY OF INTERMEDIATE-RANGE CHRYSO’I'ILE ASBESTOS INTERMEDIATE RANGE (Continued)
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued)
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED
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