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N O T E T O T H E R E A D E R  

These studies are designed and conducted to characterize and evaluate the toxicologic potential 
includin carcinogenic activity, of selected chemicals in laboratory animals (usually two species rats and 
mice). Aemicals  selected for testin in $he NTP Carqinogenesis Pro a m  are chosen primarhy on the 
bases of human exposure, level of ro%uction, and chemical structure. glection per se is not a n  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. 

0 CleaF Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a 
chemically related increased incidence of malignant neo lasms, studies, that qxhibit a 
Substantially increased incidence of beni neoplasms, or sfludies that exhibit a.n increased 
mcidence of a combination of malignant a n 8 e n i g n  neoplasms where each increases with dose. 

0 Some Evidence of Carcino enicit is demonstrated by studies that are inter reted as showing a 
increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in 
uncommon malignant or benign neoplasms. 

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

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

0 Inadequate  S t u d  of Carcinogenicity demonstrates that because of, majpr qualitative or 
quantitative IimitaGons, the studies cannot be interpreted as valid for showing either the presence 
or absence of a carcinogenic effect. 

Additionally, the followin concepts (as atterned from the International A ency for Research on Cancer 

The term chemical carcinogenesis general1 means the induction by chemicals of neo lasms not 

the in$uction b chemicals of more neoplasms .than are  generally found. Different mechanisms 
may be involve8 in these situations. Et  mologically, the term carcinogenesis means induction of 
cancer, that is, of malignant neoplasms; gowever, 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 stud was conducted under contract to the National Institute of Environmental Health Sciences, 
National $oxicolo Program. The studies described in this Technical Report have been conducted in 
compliance with &P chemical health and safety requirements and must meet or exceed all ap  licable 

chemically related increase % B  inci ence of. benign neoplapms, studies !ha t? exhibit margmal 

Monographs) have been a 8 opted by the rs TP to give further clarification of t  a ese issues: 

usual1 observed, the earlier induction by cgemicals of neoplasms that are common1 o E served, or 

Federal, state, and local health and safety re ulations. All NTP toxicology and carcinogenesis stu fi ies are 
subjected to a data audit before being presen f ed for peer review. 

occur. Seaders are re uested to identify any mistakes s? t R" at corrective action,may be taken. Further 

National Toxicology Program, P.O. Box i' 2233, Researc a Triangle Park, NC 27709 (919-541-3780). 

copies o F this Technical Re ort are available without char e and while supplies last) from the N b P 

Althou h every effort is made toprepare the Technical Re rts as accurately as possible, mistakes may 

anyone who is aware o related ongoing or ublished studies not mentioned in this re ort,is encouraged td 
make this information known to the NT . Comments and uestions about the ational Toxicolo 
Propam Technical Reports on Toxicolog and Carcino enesis Audies should be directed to Dr. J.E. H u e  

These NTP Technical Reports are available for sale from the National Technical Information Service, 
U.S. De artment of Commerce, 5285 Po$ Royal. Road, Springfield, VA 22161 (703-487-4650). Sin le 
Public Information Office, {ational Toxicology Program, P,b. 80, 12233, Research Triangle Park, NC 
27709. 
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ABSTRACT 

Lifetime toxicology and carcinogenesis studies of short-range (SRI and intermediate-range (IR) fiber 
length chrysotile asbestos were conducted in groups of 88-250 male and female F344/N rats. Both 
forms of asbestos were administered a t  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 [PWI). 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 108,  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 a t  birth but were slightly 
smaller (13%) a t  weaning and remained so throughout their lives, with the exception of those in the 
I W W  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 
I W W  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 asbestos 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. An increased 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 a t  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 s o n e  
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 a t  9:OO 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 a t  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 commercialhdustrial 
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 i.n 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, 19801, the International Agency for 
Research on Cancer (IARC, 19771, 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 

10 million fibers per liter, but the length of the 
vast majority of fibers is under 5 ym. 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 
fibersfliter) was not clearly associated with an 
increased cancer risk in the Everett, 
Washington area (Polissar e t  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) arid baboons (Patel- 
Mandlik 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 Mm in diameter. 

Asbestos (chrysotile, amosite, arid 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 2nd Tarmy, 1947) 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 a t  
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 (Cl-IO) cells (Sincock and 
Seabright, 1975; Sincock, 1977), human lympho- 
cytes in vitro (Valerio et al., 19831, 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% 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 e t  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 ceIIs 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 &ixts of ingested asbestos 
CEHP, 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 ToxicoEo~ and Related Programs subse- 
quently reviewed existing dah and prepared t 
draft resemch protocol that the Committee felt 
was responsive to the major pubIie health con- 
sensus. OR the basis of comments received, a 
revised prohe01 was developed for long-term 
animal toxicoIogy 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 asbestitorm fibers, in F344/N rats (NTP TR 
277, in press). Certain studies (IR chrysotile in 

hamsters and amosite and IR ehrysotile in rats) 
also incorporated the intestinal earcin0g;en 1,Z- 
dimethylhydrazine &hydrochloride (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 a t  sites of intimate exposure 
to asbestos. All studies encompassed the life- 
time d 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 
ta be reasanable from a biologic standpoint 9nd 
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) ehrysotile asbestos fed to male and female 
F344/N rats in the diet. These studies were 
conducted because af the widespread human 
exposure via the oral mute 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 modiried 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 Mg3Si206(OH)4. Two types of 
chrysotile were selected for testing; they are 
referred to as short-range (SRI 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 N01-ES-5-3167). 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. 

Short-range chrysotile was detected a t  greater 
than 96% by volume; minor amounts of calcite, 
brucite, talc, feldspar, quartz, and other opaques 
were present. Intermediate-range chrysotile 
was detected a t  greater than 96% by volume; 
minor amounts of platy serpentine, calcite, 
brucite, pyroxene, talc, 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,l-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 O F  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 asbestos a t  
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 26-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% (31139) of the time. 
The concentration of SR chrysotile asbestos in 
feed was within 10% of the target concentration 
59% (13/22) of the time. 
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TABLE 1. FIBER CHARACTERISTICS AND CHEMICALJNSTRUMENTAL ANALYSES OF CHRYSOTILE 
ASBESTOS (a) 

Short  Range Intermediate Range 

Flber Characterirtics 

Surface area (mz/g) 

Denrity (g/cm)) 

Mearurement, tranrmirrfon electron microrcopy 

Fiber countlgram 
Median length (pm) 
Range of length (pm) (d) 
Median diameter (pm) 
Range ofdiameter (pm) 
Median Aber arpect ratio (length divided by diameter) 

Frequency dirtribution by length (pm); optical microrcopy 

10 percentile 
20 percentile 
30 percentile 
40 percentile 
60 percentile 
60 percentile 
70 percentile 
80 percentile 
90 percentile 

Chemical Instrument  Analyses (expressed as weight percent) 

(b)64.3 f 3 3  
(c)64,2 f 0.9 

2,677 f 0,022 (8) 

0,8081 X 1018 
OJ8 
0,088.S1,1 
ooos9 
0,019-1.67 

11,1698 

1.3 
1,7 
2.2 
2.6 
3.1 
3.8 
4-6 
6,8 
7.8 

A1203 
CaO 
FeO 
FeaOs 
Mg0 
K20 
Si02 
NaaO 
Ti02 
MnO 
CraOs 
NiO 
CoaOa 
COa 

Benzene extracted organics 

HtO- 
H a 0  + 

0.66 
0.32 

Not detected 
2.02 

40.62 
Not detected 

39.77 
0.01 
0.03 
0-07 
0,17 
0.17 
0.01 
0,78 
1.64 

12.69 
0.026 

(b120.2 f 0.1 
(c)24,0 f 2,2 

2.607 f 0,016 (8) 

0,1291 X 1014 

0,104.783,4 
0,089 
0.019.11,s 
8,436 

om 

1.4 
1 .B 
3.0 
6,4 

14.0 
29.0 
48,0 
76,0 

130.0 

1.47 
0.06 

Not detected 
2.93 

40.26 
0.08 

39.90 
0.04 
0.04 
0.06 
0.06 
0.06 

Not detected 
0.61 
1.17 

12.81 
0.01 1 

( a )  Measurements by transmission electron microscopy were performed a t  the Illinois Institute of Technology Research 
Institute; all other analyses were performed by the Bureau ofMines (R1 8452,1980). 
tb) As measured with the Quantachrome surface area instrument on 15-30 independent samples 
(c)  As measured with the Perkin-Elmer surface area instrument on 15-30 independent samples 
(d) Short range comprises short fibers, with 98% < 10 pm. Intermediate range consists of 65% > 10 prn, with a significant 
number offibers (-14%) longer than 100 pm. 
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II. MATERIALS AND METHODS 

Dose Mixtures of Asbestos for  Gavage 
Ad ministration 

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 O F  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 a t  these doses produced an  incidence of 
approximately 15% intestinal neoplasia. When 
the survival of either of the paired groups 
reached 106, both groups were killed (Table 2). 

Source a n d  Specifications of Test Animals 

Parental Generation: The male and female 
F344/N rats used in this study were produced 
under strict barrier conditions a t  Charles River 
Breeding Laboratories under a contract to the 
Carcinogenesis Program. Breeding starts for 
the foundation colony a t  the production facility 
originated a t  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 

Generation Test Group 
No. of Animals Chrysotile DMH (mg/kg) (a) 

Male Female Percent mg/g Male Female 

_ _  _- _ _  control 60 120 0 
IR chrysotile (b) 200 400 1 .o _ _  -- _ _  
control a8 88 0 
DMH 126 125 0 ._ 7.5 15.0 
IR chrysotile 250 250 1 .o 
IR chrysotile 

IR chrysotile 

FO 

F1 _ _  -_ _ _  
._ _ _  _ _  

and DMH 175 175 1 .o _ _  7.5 15.0 

and preweaning gavage 100 100 1.0 (c)O.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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II. MATERIALS AND METHODS 

(short-range studies) (Figure 1). 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. 

F i l a  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 I W W  gavage group) or control 
groups according to a table d random numbers 
(Table 2). Pups assigned to the IWPW chrysotile 
gavage group were administered 0.47 mg/$ IR 
chrysotile asbestos in sterile water by gavage 
during lactation as described previously. 

Animal Maintenance 

F1 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 
filbred to remove particulate matter. Ten to 15 
changes of room air per hour were provided. 
Before initiation e€ 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 dustlmist 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 
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addition, physical examinations including 
pulmonary function tests and chest radiographs 
were conducted at the initiation of the study, 
yearly thereafter, and ah 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. 

2. 
3. 

4. 

5. 

6. 

7. 
8. 

9. 
10. 

Palpable masses within the abdominal 
cavity (excluding 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 weigh& loss (head tilt, circling, 
incoordination, ataxia, paralysis) 
Severe weight loss or emaciation 
Coma or extreme weakness. 

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, fR 
chrysotile, or I W W  groups of either sex reached 
1096, all remaining animals of that sex in those 
groups were killed. 
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Weeks 

- 12 -8 - 4  . 
e----------r 

Quarantine 
Period 

Fo rats received 10/12/77 
Pathogen burden examination 

Lifetime - 
Terminal kill a t  

0 4-4 

DMH administered to two groups 
Pathogen burden 

examination - F1 

Pups weaned 
Placed in exposure groups 
Pathogen burden 

examination - Fo and F1 

F1 pups born 
Litters culled to 8/dam 
Preweaning gavage 

administered to one group 

Breeding of Fo rats 

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

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

Doses 0% or 1% 

Date of First Dose FO-l 1/1/77, bred starting 11/8/77; 
F1--1/15/78 (date ofweaning) 

Duration of Dosing 131 wk (male); 139 wk (female) 

Type and Frequency of Observed 2 X d; examined 

weighed 1 X wk 

A necropsy was performed on all 
Examination 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 mainstern bronchi; gross 
lesions; regional lymph nodes 

Observation clinically 1 X wk; 

Necropsy and Histologic 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species F344fN 

Animal Source Charles River Breeding Laboratories 
(Wilmington, MA) 

Testing Laboratory Hazleton Laboratories of America 

Time Held Before Test Fo-5 wk 

Fo--9-10 wk Age When Placed on Study 

Age When Killed F1--131 wk (male); 139 wk (female) 
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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-1 1/9-1111 1/77, bred starting 11/22/77; 
F,--1/12/78 (date ofweaning) 

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

Same as  SR studies 

Same as  SR studies 

F344fN 

Same as  SR studies 

Same as SR studies 

Fo--4 wk 

Fo--8-9 wk 

F1--1Rand IR + PW--136 wk (male), 
139 wk (female); DMH-125 wk (male), 
112 wktfemale) 
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AwDulll AND ANIMAL MAINTENANCE (Continued) 

caga FilCn 

OtherCbmicJIoaTest  
hthe&awBoom 

*Iriarl Room Environment 

CHEMISTUY 

LotNumbenUa8d 

CHEMIC AUVEHICLE 

Pmpu.tioa 

Lifesime&udy 

Computm-geaerabd random number 
h b b r  

NIH 3 1 autoclavable plleta ( Z b i  
Bm., I=., 1G.rdnsn, PA); 
available ad libitum 

Sani Chi@ (J. P. Murphy, 
Rochelle h r k ,  NJ, and Shurfirc. 
Beltimore. MD) 

Tap wabr  ad libitum 

P o l y ~ r b o ~ b  (Hazieton Sys&mr, 
Aberdeen, MD) 

Renuy oonwoven polyestat 8beeta 
(Nationwide Papem. W a s h i i n ,  DC) 

Fg-1 male, 2 females dtuiag 
breedii, 2 maies. 1 female after 
breeding. F,-9 

None 

T e m p - 2 r C  f TC; 

fluorermnt light 11 hM 
10-15 m m  air changes41 

hW--5(Hb f lOa; 

NIA 

Union Carbide INiagara Falls. NY); 
obtained from serpentine mam in 
the southern Diablo range, CA 

a0 Ib asbsstodtoa of feed mixed 
in a Patterson-Kelly. V-blender with 
intensifier bar; pelbb prepared with 
a Calitornk model C L 4  pellet mill 

NIA 

NIA 

IR-NIA; DYH-472967JA 

Jobns Manvi1)s; 
obtained h m  Jedlrey M i ,  
A.bertol,Qwbec,c.lud. 

IR-run~~SR8t~dk  
DMH--mixed witb ice-eooled 0.2 M 
acetab b d k ,  pH 6.Q 
PW-gavage rolutim mixed with 
starile water on a mynetierfinar 

DMH-uwd 011 the day of preparation 

DMH-kept on ice durirtg uw 

IR-N/& 

[R-NIA. 
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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 a t  
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 (PWG) 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 e t  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 a t  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 a t  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 a t  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”; Le., 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 a t  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 (19721, 

Incidental Tumor Analyses-The second method 
of analysis assumed that all tumors of a given 
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type observed in animals that died before the 
end of the study were “incidental”; i.e., they 
were merely observed a t  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)--0-62 weeks, 53-78 
weeks, 79-104 weeks, week 106 to the week 
before the terminal kill period, and the terminal 
kill period; IR chrysotile (including controls) 
without DMH and SR chrysotile studies-0-60 
weeks, 61-86 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 a t  
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%) a t  weaning, 29.1 g 
versus 26.7g 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 (Fo) animals, as well as the 
distribution of and diets for the filial (F1) 
animals is presented in Table 2. 

Body Weights a n d  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 H21. 

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 week7; for females the mean body 
weight of the W P W  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 IWPW 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 asbestos 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 Fo 
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 a t  the bifurcation of 
the bronchi. These lesions were very mild. 

In the lungs of all F1 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 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 

FEMALE 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 

129 
152 
175 
200 
222 
236 
250 
262 
27 1 
280 
283 
295 
30 1 
310 
314 
366 
394 
423 
430 
452 
467 
470 
46 1 
444 
43 0 
376 

109 
124 
135 
143 
153 
157 
163 
167 
170 
175 
174 
181 
182 
187 
188 
206 
220 
247 
262 
290 
311 
326 
332 
324 
326 
303 
293 

88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
85 
85 
84 
81 
78 
71 
60 
51 
24 

88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
87 
84 
73 
63 
44 
26 
15 

130 
156 
182 
205 
224 
240 
254 
267 
275 
285 
290 
29 1 
299 
308 
316 
356 
396 
424 
429 
45 1 
462 
470 
456 
430 
41 1 
383 

114 
129 
139 
149 
156 
162 
168 
172 
175 
180 
180 
180 
181 
185 
189 
204 
223 
244 
269 
29 1 
316 
33 1 
328 
308 
312 
29 1 
279 

101 
103 
104 
103 
101 
102 
102 
102 
101 
102 
102 
99 
99 
99 

101 
97 

101 
100 
100 
100 
99 

100 
99 
97 
96 

102 

105 
104 
103 
104 
102 
103 
103 
103 
103 
103 
103 
99 
99 
99 

101 
99 

101 
99 

103 
100 
102 
102 
99 
95 
96 
96 
95 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
249 
248 
246 
237 
213 
180 
131 
73 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
249 
248 
246 
246 
240 
233 
209 
182 
132 
85 
33 
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FIGURE 2. GROWTH CURVES FOR RATS FED DIETS CONTAINING 
SHORT-RANGE CHRYSOTILE ASBESTOS IN LIFETIME STUDIES 
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TABLE 6. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE LIFETIME FEED STUDIES OF 

IR 
No. o f  Av. Wt. df Ck 
vori vors vocs 

INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

Survi- (grama) coniro 

MALE 
7 115 
8 134 
9 159 
10 183 
11 203 
12 218 
13 23 1 
14 246 
15 256 
16 258 
17 267 
I8 278 
19 285 
20 294 

293 
393 

41 402 
51 417 
81 460 
91 463 
101 452 
111 446 
121 423 
131 394 
141 352 

21 31 344 

61 71 443 

FEMALE 
7 106 
8 119 
9 131 

141 
lo 11 144 
12 154 
13 158 
14 165 
15 166 
16 167 
17 169 
18 173 
19 175 
20 180 
21 178 
31 196 
41 219 

235 
51 61 259 
71 280 
81 303 
101 
11 1  329 
121 324 
131 308 
141 286 

91 ig 

88 
88 
88 
88 

88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
87 
86 
82 
77 
67 
43 
28 
9 

8! 

88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
86 

63 
49 
27 
13 

!A 

1 1 1  
131 
150 
177 
199 
216 
226 
245 
252 
259 
262 
274 
282 
294 
290 
340 
390 
416 
42 1 
446 
452 
462 
461 
447 
410 
374 _ _ _  

102 
115 
126 
137 
145 
152 
152 
161 
160 
162 
164 
168 
173 
179 
174 
196 
217 
239 
26 1 
285 
303 

314 
ii9 
-- .-- -- 

97 
98 
94 
97 
98 
99 
98 
100 
98 
100 
98 
99 
99 
100 
99 
99 
99 
103 
101 
101 
98 
100 
102 
100 
97 
96 _ _ _  

96 
97 
96 
97 
101 
99 
96 
98 
96 
97 
97 
97 
99 
99 
98 
100 
99 
102 
101 
102 
100 

96 
8 
.-. __. *-. 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
124 
124 
122 
121 
117 
112 
96 
72 
55 
37 
19 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
12s 
124 
121 
119 
111 
104 

28 
2 
--- .-. --- 

106 
136 
160 
180 
197 
216 
227 
234 
245 
257 
267 
276 
281 
290 
292 
333 
371 
396 
401 
424 
433 
432 
423 
41 5 
393 
359 
327 

97 
114 
126 
134 
143 
149 
151 
154 
157 
162 
166 
169 
171 
175 
175 
190 
207 
224 
25 1 
272 
29 1 

303 
300 
268 
255 

SI! 

92 
101 
101 
98 
97 
99 
98 
95 
96 
100 
100 
99 
99 
99 
100 
97 
94 
99 
96 
96 
94 
93 
94 
93 
93 
91 
93 

92 
96 
96 
95 
99 
97 
96 
93 
95 
97 
98 
98 
98 
97 
98 
97 
95 
95 
97 
97 
96 

92 
93 
87 
89 

E 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
260 
248 
248 
248 
248 
244 
238 
227 
208 
183 
128 
85 
35 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
249 
248 
247 
247 
244 
240 
229 
207 
179 
132 
91 
41 

101 
134 
154 
181 
197 
214 
22 1 
233 
242 
253 
261 
270 
277 
281 
288 
332 
370 
390 
402 
423 
426 
437 
42 1 
407 
387 
362 _ _ _  

93 
110 
120 
133 
137 
144 
144 
151 
153 
160 
162 
166 
170 
170 
173 
190 
204 
224 
247 
267 
280 

284 
513 

_ _ _  __- _-- 

88 
100 
97 
99 
97 
98 
96 
95 
95 
98 
98 
97 
97 
96 
98 
97 
94 
97 
96 
95 
93 
94 
93 
91 
91 
92 _-_ 

88 
92 
92 
94 
95 
94 
91 
92 
92 
96 
96 
96 
97 
94 
97 
97 
93 
95 
95 
95 
92 
91 
89 
86 
-_ -- 

175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
173 
169 
164 
159 
125 
96 
74 
48 
20 

175, 

175 
175 
175 
175 
176 
175 
175 
175 
175 
175 
175 
174 
174 
174 
174 
173 
172 
170 
165 
153 
137 
110 
71 
44 

121 
148 
166 
195 
221 
234 
245 
254 
266 
276 
286 
295 
303 
312 
319 
365 
400 
419 
417 
441 
458 
462 
447 
426 
405 
373 
354 

102 
116 
130 
140 
151 
155 
159 
164 
168 
173 
175 
180 
182 
184 
189 
20 1 
223 
24 1 
257 
277 
303 
313 
320 
315 
315 
301 
287 

105 
110 
104 
107 
109 
107 
106 
103 
104 
107 
107 
106 
106 
106 
109 
103 
102 
104 
100 
100 
100 
100 
99 
96 
96 
95 
101 

96 
97 
99 
99 
105 
101 
101 
99 
101 
104 
104 
104 
104 
102 
106 
103 
102 
103 
99 
99 

100 
97 
97 
96 
97 
98 
100 

IO0 
100 
LOO 
100 
100 
100 
100 
100 
100 
100 
100 
99 
99 
99 
99 
99 
97 
95 
94 
94 
91 
87 
84 
78 
55 
28 
16 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
99 
99 
99 
98 
97 
94 
87 
82 
73 
56 
31 
15 

37 Chrysotile Asbestos, NTP TR 295 



W- 

-.* .-.." ....._.-._. "."" _._.. ..........-...- .̂,. ".." ...... ".."" ._.. ..."............. " ....... " ............... " ...- ... .." ......-.......... ....... .................. . -- 
-. -__--., .."."........I..,..." .......-_._..... ^ .... " ..-..... " ...".... ............. .." .......... ........................... .......... .....-.......-....... ..........". 

I I I 1 I 
Y m m R W yo No la 

w m s  on STVDY 

FIGURE 3. GROWTH CURVES FOR RATS FED DIETS CONTAINING 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS WITH AND WITHOUT 
192-DIMETHYLHYDRAZINE DIHYDROCHLORIDE IN LIFETIME STUDIES 

Chrysotile Asbestos, NTP TR 296 38 



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 Fo 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 F1 animals examined, evidence of 
early respiratory disease, consisting of minimal- 
&slight peribronchial lymphoid hyperplasia, 
was present. No serologic evidence of Sendai 
virus was present in either Fo or F1 animals. 

Clinical Signs 

Short Range: A summary of clinical signs 
observed before moribund kill is presented in 
Appendix K. Specific clinical signs occurred a t  
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 a t  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 (circ- 
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. 
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III. RESULTS 

Survival Additional survival data are summarized in 

Estimates of the probabilities of the survival of 
male and female rats fed diets containing chrys- 
otile asbestos a t  the concentrations used in these 
studies and those of the controls are shown in 
the Kaplan and Meier curves in Figures 4 and 5 .  

Tables 6 through 10. 

Short Range: Survival of rats exposed to SR was 
similar to that of the controls throughout the 
studies (Tables 6 and 7). 

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

Untreated Control SR (a) 

MALE (b) 

Animals initially in study 
Nonaccidental deaths before termination (c) 
Accidentally killed 
Killed at termination 
Survival P values (d) 

FEMALE (b) 

Animals initially in study 
Nonaccidental deaths before termination (c) 
Killed a t  termination 
Survival Pvalues (d) 

88 
76 
3 
9 

88 
79 
9 

250 
224 

0 
26 
0.676 

250 
225 
25 
0.978 

(a) Administered 1% short-range (SRI 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 ofthe life table pairwise comparison with the controls 

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

Male Female 
No. Alive/ Percent  No. Alive/ Percent  

Group Age in Weeks Total No. Survival Total No. Survival 

Control 100 
110 
120 
130 

SR 100 
110 
120 
130 

71/88 
60188 
51/88 
24/88 

2131250 
1801250 
1311250 
731250 

81 
68 
58 
27 

85 
72 
52 
29 

73/88 
63188 
44188 
26/88 

2091250 
1821250 
132/250 
851250 

83 
72 
50 
30 

84 
73 
53 
34 
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III. RESULTS 

Intermediate Range: Survival of untreated considerably lower than that of the untreated 
controls was similar to that of dosed IR groups controls. However, survival of the IR plus DMH 
throughout the studies (Table 8). The survival group was comparable to that of the DMH alone 
of both groups of DMH-exposed rats was group(Table9). 

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

Untreated IR vs 
Control IR (a) IWPW IWPW 

MALE (b) 

Animals initially in study 88 250 100 
Nonaccidental deaths before termination (c) 81 220 89 
Accidentally killed 0 1 0 
Killed a t  termination 7 29 11 
Survival P values (d) 0.590 0.885 

FEMALE (b) 

0.750 

Animals initially in study 88 250 100 
Nonaccidental deaths before termination (c) 79 225 91 
Killed a t  termination 9 25 9 
Survival P values (d) 0.793 0.982 0.713 

la) 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 t DMH vs 
Control DMH(a) DMH(b) IR t DMH 

MALE(c) 

Animals initially in study 
Nonaccidental deaths before termination (d) 
Killed a t  termination 
Died during termination period 
Survival P values (e) 

FEMALE (c) 

Animals initially in study 
Nonaccidental deaths before termination (d) 
Killed a t  termination 
Died during termination period 
Survival P values (e) 

88 
81 

7 
0 

88 
79 

9 
0 

125 
107 
18 
0 

< 0.001 

125 
109 
16 
0 

< 0.001 

175 
159 
14 
2 

< 0.001 

175 
148 
26 

1 
< 0.001 

0.348 

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;IRplus DMH, week 119 
(d) Includes animals killed in a moribund condition 
(e )  The results ofthe life table pairwise comparisons with the controls are in the dosed columns. The third value is the 
pairwise comparison between the dosed groups. 
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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. Alive1 Percent 

Group Age in Weeks Total No. Survival Total No. Survival 

Control 111 
121 
131 
141 

DMH 111 
121 
131 
141 

IR 111 
121 
131 
141 

IR+DMH 111 
121 
131 
141 

IWPW 111 
121 
131 
141 

67188 
43/88 
28/80 
9/88 

661125 
371125 
191125 ._ 

183/250 
128/250 
85/250 
35/250 

741175 
481175 
201175 _ _  
781100 
661100 
281100 
161100 

76 
49 
32 
10 

44 
30 
15 .. 

73 
51 
34 
14 

42 
27 
11 _ _  
78 
55 
28 
16 

63/88 
49/80 
27188 
13/88 

281126 .. 
.. 
.- 

179/250 
132/260 
91/260 
41/250 

441175 ._ 
._ 
._ 

731100 
561100 
31l100 
161100 

~ 

72 
66 
31 
16 

22 .- 
.. 
.- 

72 
53 
36 
16 

25 
-_ 
-. -. 

73 
56 
31 
15 

Pathology a n d  Statistical Analyses of 
Results 

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 A l  and 
A2) (short range) and Appendix B (Tables B1 
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 C l  and C2) (short range) 
and Appendix D (Tables D1 and D2) 
(intermediate range). Appendix E (Tables El- 
E6) contain the statistical analyses of those 
primary tumors that occurred with an incidence 
of a t  least 5% in one of the three groups. The 
statistical analyses used are discussed in 
Chapter II (Statistical Methods) and Appendix E 
(footnotes). 

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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III. RESULTS 

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 a t  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 191248, 
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, 91250 (4%) versus control, 
0/85) in male rats is possibly compound related. 

There were also two polyps in the descending 
colon in the male IWPW chrysotile group. All of 
these polyps were grossly visible a t  necropsy. If 
epithelial neoplasms of similar morphology from 
the small intestine and glandular stomach are 
also counted, the incidence is 14/250, 6% (IR 
chrysotile) versus 0/88 (control) and 2/100, 2% 
(IWPW chrysotile). There were also 3/260 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). 
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TABLE 11. ALIMENTARY TRACT TUMORS IN RATS I N  THE LlFETIME FEED STUDIES OF 
SHORT-RANGE (SR) CHRYSOTILE ASBESTOS 

Male 
Control SR 

Female 
Control SR 

Hard palate (No. examined) 

Oral mucous membrane (No. examined) 

Squamous cell papilloma 

Squamous cell carcinoma 

Squamous cell papilloma 
Squamous cell carcinoma 

Squamous cell papilloma 
Squamous cell carcinoma 
Sarcoma 

Tongue (No. examined) 

Stomach (No. examined) 

Forestomach (No. examined) 
Squamous cell papilloma 

Carcinoma-in-situ 

Duodenum (No. examined) 
Adenomatous polyp 
Leiomyosarcoma 

Jejunum (No. examined) 
Mucinous cystadenocarcinoma 

Gastric fundus (No. examined) 

88 
0 

88 
0 

88 
0 
0 

88 
0 
0 
0 

88 
1(1%) 

88 
0 

88 
0 
0 

88 
l(l%) 

Adenocarcinoma in adenomatous polyp 0 
Leiomyoma 0 

Ileum (No. examined) 
Leiomyosarcoma 

88 
0 

Total small intestine (No. examined) 88 
Adenomatous polyp 0 
Mucinous cystadenocarcinoma 1(1%) 
Adenocarcinoma in adenomatous polyp 0 
Leiomyoma 0 
Leiomyosarcoma 0 

Cecum (No. examined) 
Lipoma 
Leiomyosarcoma 
Adenomatous polyp 

Colon (No. examined) 
Adenomatous polyp 
Leiomyosarcoma 

87 
0 
0 
0 

87 
0 
0 

Transverse colon (No. examined) 87 
Leiomyoearcoma 1(1%) 
Adenomatous polyp 0 

Adenomatous polyp 0 
Leiomyosarcoma 0 

87 
Adenomatous polyp 0 
Lipoma 0 
Leiomyosarcoma 1(1%) 

Descending colon (No. examined) 87 

Total large intestine (No. examined) 

250 
1 (Cl%) 

250 
0 

250 
0 
0 

248 
1 (<1%) 
1 (<1%) 
1 (Cl%) 

248 
0 

248 
1 (Cl%) 

248 
1(<1%) 
0 

248 
0 
0 
0 

248 
0 

248 
l(<l%, 
0 
0 
0 
0 

248 
1(<1%) 
l ( C l % )  
0 

248 
1(<1%) 
1 (Cl%) 

248 
0 
0 

248 
0 
0 

248 
1 (<1%) 
1 (Cl%) 
2 (1%) 

88 
0 

88 
0 

88 
0 
0 

87 
0 
0 
0 

87 
0 

87 
0 

87 
0 
0 

87 
0 
0 
0 

87 
1(1%) 

87 
0 
0 
0 
0 
1(1%) 

87 
0 
0 
1(1%) 

87 
0 
0 

87 
0 
0 

87 
0 
0 

87 
1(1%) 
0 
0 

250 
0 

250 
1 (Cl%) 

1 (Cl%) 
1 (<1%) 

250 

245 
0 
1 (Cl%) 
0 

245 
0 

245 
0 

244 
0 
2 (1%) 

1 (Cl%) 
1 (Cl%, 
1 (Cl%) 

244 

244 
0 

244 
0 
1 (Cl%) 
l(<l%) 
1 (Cl%) 
2 (1%) 

244 
0 
0 
0 

244 
0 
0 

244 
0 
1 (Cl%) 

2 (1%) 
1 (Cl%) 

244 

244 
3 (1%) 
0 
1 (Cl%) 
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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) 
Hyperkeratosis 

Stomach (No. examined) 
Mineralization 
Inflammation 
Ulcer 
Adhesion 
Necrosis 
Hyperplasia, epithelial 
Hyperkeratosis 
Acanthosis 

Gastric muscularis (No. examined) 
Degeneration 

Colon (No. examined) 
Inflammation 
Parasitism 

Cecum (No. examined) 
Inflammation 
Necrosis 

86 247 87 244 
6 (7%) 16 (6%) 4(5%) 8 (3%) 

88 
3 (3%) 
12 (14%) 
4 (5%) 
1 (1%) 
13 (15%) 
3 (3%) 
8 (9%) 

11 (13%) 

88 
3 (2%) 

87 

13 (15%) 

87 
0 
0 

248 
2 (1%) 
35 (14%) 
10 (4%) 

40 (16%) 

29 (12%) 
36 (15%) 

1 (Cl%) 

0 

248 
0 

248 

22 (9%) 

248 
6 (2%) 
5 (2%) 

87 
0 
16 (18%) 
7 (8%) 
2 (2%) 
14(16%) 
0 
21 (24%) 
19 (22%) 

87 
0 

87 
2 (2%) 
8 (9%) 

2 (2%) 
2 (2%) 

87 

245 
0 
46(19%) 
21 (9%) 

35 (14%) 

59 (24%) 
59 (24%) 

1 (Cl%) 

0 

245 
1 (<1%) 

244 
2 (1%) 
13 (5%) 

5 (2%) 
3 (1%) 

244 
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TABLE 19. ALIMENTARY TRACT TUMORS IN RATS IN THE LIFETIME FEED STUDIES OF 
INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS 

Male Female 
Control IR I W W  Control IR I W W  

Moutidoral cavity (No. examined) 
Squamous cell carcinoma 

Hard palate (No. examined) 
Keratoacanthoma 
Squamous cell papilloma 
Squamous cell carcinoma 

Tongue (No. examined) 
Squamous cell papilloma 

Esophagus (No. examined) 
Fibrosarcoma 

Stomach (No. examined) 
Squamous cell papilloma 
Squamous cell carcinoma 
Adenomatous polyp 
Adenocarcinoma 
Carcinoid tumor 
Leiomyosarcoma 

Small intestine (No. examined) 
Leiomyosarcoma 

Duodenum (No. examined) 
Adenomatous polyp 
Mucinous cystadenocarcinoma 
Signet ring carcinoma 
Leiomyoma 

Leiomyosarcoma 

Ileum (No. examined) 
Leiomyoma 

Adenomatous polyp 
Mucinous cystadenocarcinoma 
Signet ring carcinoma 
Leiomyoma 
Leiomyosarcoma 

Adenomatous polyp 
Leiomyoma 

Leiomyosarcoma 

Adenomatous polyp 
Leiomyoma 

Adenomatous polyp 
Leiomyoma 
Leiomyosarcoma 

Jejunum (No. examined) 

Total small intestine (No. examined) 

Ascending colon (No. examined) 

Transverse colon (No. examined) 

Descending colon (No. examined) 

Total large inteatine (No. examined) 

88 
0 

88 
0 
0 
0 

88 
0 

250 
1 (<1%) 

250 
1 (<l%) 
0 
0 

100 
0 

100 
0 
la%) 
0 

88 
0 

88 
0 
0 
0 

250 
1 (<l%) 

250 
0 
1 (<l%) 
0 

100 
0 

100 
0 
0 
1(1%) 

1(1%) 

100 
0 

99 

100 

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

99 
0 

99 
0 
0 
0 
0 

99 
0 

99 
0 

250 
1 (el%) 

250 
0 

250 
0 
0 
0 
1 (<1%) 
0 
0 

100 
0 

98 
1(1%) 

100 
0 
0 
0 
0 
0 
0 

88 
1(1%) 

88 
0 

87 
0 
1 (1%) 
0 
0 
0 
0 

250 
0 

250 
0 

250 
0 
0 
1 (Cl%)  
0 
2 (1%) 
1 (Cl%) 

249 
0 

249 
0 
0 
0 
0 

249 
0 

249 
0 

249 
0 
0 
0 
0 
0 

250 
0 
0 

250 
0 

83 
0 

85 
0 
0 
0 
0 
0 
0 

85 
0 

85 
0 
0 
0 
0 

250 
0 

250 
1 (<1%) 
1 (<1%) 
1 (<l%o) 
1 (<l%, 

2 (1%) 
250 

250 
0 

250 
1 (<1%) 
1 (<1%) 
1 (Cl%) 
1 (<1%) 
2 (1%) 

250 
2 (1%) 
0 

100 

100 
0 
0 
0 
0 

87 
0 

87 
0 
0 
0 
1(1%) 

87 
0 

87 
0 

87 
0 
0 
0 
1(1%) 
0 

87 
0 
0 

85 
0 

85 
l(l%) 

85 
0 
0 
0 
1(1%) 
0 

85 
0 
0 

100 
0 

100 
1(1%) 

100 
0 
0 
0 
1(1%) 

100 
0 
0 

100 
1(1%) 

100 
2 (2%) 
0 

99 
0 
0 
0 
0 
0 

99 
0 
1(1%) 

99 
0 

99 
0 
0 

85 
0 

250 
0 

87 
0 

85 
0 
0 

250 
7 (3%) 
0 

87 
0 
0 

250 
1 (Cl%) 
1 (Cl%) 

1 (<1%) 
1 ( < I % )  
0 

250 85 
0 
0 
0 

250 
9 (4%) 
0 
0 

100 
2 (2%) 
0 
1(1%) 

87 
0 
0 
0 

99 
0 
1(1%) 
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 IWPW 

Esophagus (No. examined) 
Hyperkeratosis 

Stomach (No. examined) 
Mineralization 
cyst 
Edema 
Ulcer 
Inflammation 
Necrosis, focal 
Hyperplasia, epithelial 
Hyperplasia, basal cell 
Hyperkeratosis 
Acanthosis 

Gastric submucosa (No. examined) 
Edema 

Large intestine (No. examined) 
Parasitism 

Colon (No. examined) 
Parasitism 

Cecum (No. examined) 
Edema 
Inflammation 

~~ ~ 

83 
1(1%) 

85 
1(1%) 
2 (2%) 
5 (6%) 
13 (15%) 
18 (22%) 
0 
0 
1(1%) 
7 (8%) 
10 (12%) 

85 
1(1%) 

85 
3 (4%) 

~~~~ _ _ ~  

250 
0 

250 
5 (2%) 
1(<1%) 
0 
27(11%) 
29(12%) 
4 (2%) 
0 
1 (<1%) 
0 
18 (7%) 

250 
23 (9%) 

250 
0 

98 
2 (2%) 

100 
0 
0 
0 
9 (9%) 
9 (9%) 
0 
1(1%) 
0 
0 
14 (14%) 

100 
10 (10%) 

100 
0 

~- 

86 
0 

87 
0 
l(l%) 
0 
7 (8%) 
9 (10%) 
0 
0 
0 
2 (2%) 
7 (8%) 

2 (2%) 
87 

87 
0 

_ _ _ _ _ ~  ~ 

250 
0 

250 
0 
1 (Cl%) 
0 
26 (10%) 
33 (13%) 
2 (1%) 
1 (Cl%) 
0 
4 (2%) 
20 (8%) 

250 
14 (6%) 

250 
0 

~~ ~ 

99 
2 (2%) 

99 
0 
1(1%) 
0 
7 (7%) 
10 (10%) 
1(1%) 
0 
0 
5 (5%) 
10 (10%) 

99 
2 (2%) 

99 
0 

85 
0 

85 
0 
2 (2%) 

250 
11 (4%) 

5 (2%) 
1 k 1 % )  

250 

100 
0 

100 
0 
0 

87 
0 

87 
0 
0 

250 
6 (2%) 

250 
0 
3 (1%) 

99 
1(1%) 

99 
0 
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 IWPW 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 IWPW 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 IWPW group (32/100, 
32%) but not in the IR group (631250, 25%) was 
significantly greater than that in the controls 
(17/85,20%). 

TABLE 16. ANALYSIS O F  INTEGUMENTARY SYSTEM TUMORS IN MALE RATS IN THE LIFETIME 
FEED STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (a) 

Untreated 
Control I R  (b) IR/PW I R  vs IR/PW 

Keratoacanthoma 
Overall Rates 1/88 (1%) 19/250 (8%) W100 (8%) 
Adjusted Rates 3.2% 23.9% 32.7% 
Terminal Rates OR (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 18, ANALYSIS OF CLITORALCLAND TUMORS IN FEMALE RATS IN THE LIFETIME FEED 
STUDY OF 1NTERMEDIATE.RANCE CHRYSOTILE ASBESTOS 

Untreated 
Control IR (a) I RIP W I R  vs W P W  

Carcinoma 
Overall Rates 0/88 (0%) 16/250(6%) 41100 (4%) 

Carcinoma or Squamous Cell Carcinoma 
Overall Rates 1/88 (1%) 181250 (7%) 4/100 (4%) 
Adjusted Rates 3.2% 26.1% 12.6% 
Terminal Rates 0110 (0%) 5/29(17%) 0/11 (0%) 
Life Table Test P=0.037 P=0.214 P -0.218N 
Incidental Tumor Test P = 0.03 1 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%; 
IWPw--51/1oo,sl%) 

Liver: The incidences of cystic degeneration in 
the male IR and IWPW groups were greater 
than those in the controls (male: control, 
485,596; IR, 44250, 18%; IWPW, 21/100, 21%; 
female: control, 0187; IR, 0/260; IWPW, 2/99, 
2%), 

Procrtute: The incidences of inflammation (acute, 
acute focal, suppurative, acute/chronic, or 
chronic) or abscess in the IR and IWPW groups 
were greater than that in the controls (control, 
17/85,20%; IR, 87/249,35%; IRPW,  45/99,46%). 
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%; IWPW, 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 (571250, 23%) and I R P W  
groups (471100,47%) than in the concurrent con- 
trols (12188, 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 IWPW group (41/100, 41%) were in- 
creased as compared with the control group 
(5185, 6%). A similar observation was noted in 
the mesenteric lymph nodes (IR: 28/250, 11%; 
IIUPW: 28/100,28%; control: 0185) and possibly 
the pancreatic lymph node (IR: 14/250, 6%; 
I W W :  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: 911260, 36%; IRJPW: 39/99, 
39%; control: 22/87, 25%); pancreatic (IR: 
19/250,8%; IWPW: 6/99 5%; control: 0/87); and 
mesenteric (IR: 40/260, 16%; IWPW: 4/99, 4%; 
control: 10/87,11%), 

DMH With and Without Intermediate-Range 
Chrysotile As bestos 

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 181, The only significant differ- 
ences in the incidences of neoplasms between the 
DMH group and the IWDMH 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, 36%) 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 
13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE WITH AND WITHOUT INTERMEDIATE-RANGE ~-~~ ~ 

CHRYSOTILE ASBESTOS 

Male 
DMH(a) IR t DMH(b) 

Female 
DMH IR t DMH 

Tongue 
Squamous cell papilloma 
Squamous cell carcinoma 

Small intestine, Site unknown 
Mucinous cystadenocarcinoma 

Duodenum 
Adenocarcinoma 
Mucinous cystadenocarcinoma 
Signet ring carcinoma 

Adenomatow polyp 
Adenocarcinoma 
Mucinous cystadenocarcinoma 

Ileum 
Adenocarcinoma in adenomatous polyp 

Total small intestine 
Adenomatous polyp 
Adenocarcinoma 
Mucinous cystadenocarcinoma 
Adenocarcinoma in adenomatous polyp 
Signet ring carcinoma 

Adenomatous polyp 
Mucinous cystadenocarcinoma 

Adenocarcinoma 
Adenomatous polyp 
Mucinou cystadenocarcinoma 
Signet ring carcinoma 

Adenocarcinoma, 
Adenomatous polyp 
Adenocarcinoma in adenomatous polyp 
Mucinous cystadenocarcinoma 
Signet ring carcinoma 
Leiomyosarcoma 

Adenocarcinoma 
Adenomatous polyp 
Adenocarcinoma in adenomatous polyp 
Mucinow cystadenocarcinoma 

Adenomatous polyp 
Adenocarcinoma in adenomatbus polyp 
Mucinous cystadenocarcinoma 
Signet ring carcinoma 

Total large intestine 
Adenomatous polyp 
Adenocarcinoma 
Mucinoua cystadenocarcinoma 
Adenocarcinoma in adenomatous polyp 
Signet ring carcinoma 
Leiomyosarcoma 

Adenomatous polyp 

Jejunum 

Colon 

Cecum 

Ascending colon 

Transverse colon 

Descending colon 

Anus 

01125 (0%) 
01125 (0%) 

01125 (0%) 

01125 (0%) 
01125 (0%)  
01125 (0%) 

01125 (0%) 
01125 (0%) 
01125 (0%) 

01126 (0%) 

01125 (0%) 
01125 (0%) 
01125 (0%) 
01125 (0%) 
01125 (0%) 

01125 (0%) 
01125 (0%) 

11125 (1%) 
01125 (0%) 
4125 (3%) 
01125 (0%) 

01125 (0%) 
31125 (2%) 
01125 (0%) 
31125 (2%) 
11125 (1%) 
011 25 (0%) 

11125 (1%) 
4125 (3%) 
01125 (0% 1 
01125 (0%) 

(c) 24/125 (19%) 
01125 (0% ) 
01125 (0%) 
01125 (0%) 

(c) 311125 (26%) 
21125 (2%) 

(c) 71125 (6%) 
01125 (0%) 
1/125(1%) 
01125 (0%) 

1/125(1%) 

11175 (1%) 
01175 (0%) 

01175 (0%) 

11175 (1%) 
11175 (1%) 
11175 (1%) 

01175 (0%) 
11176 (1%) 
11175 (1%) 

01176 (0%) 

01175 (0%) 
21175 (1%) 
21175 (1%) 
01176 (0%) 
11175 (1%) 

01175 (0%) 
01175 (0%) 

01175 (0%) 
11175 (1%) 
4176 (2%) 
01175 (0%) 

11175 (1%) 
31175 (2%) 
11175 (1%) 

(c) 111175 (6%) 
01175 (0%) 
011 75 (0%) 

01175 (0%) 
61175 (3%) 
011 76 (0%) 
01176 (0%) 

(c) 371175 (21%) 
2/176(1%) 
4175 (2%) 
11175 (1%) 

(c) 461175 (26%) 

(c) 191175 (11%) 
11175(1%) 

31175 (2%) 
111 76 (1 %) 
01175 (0%) 

01175 (0%) 

11125 (1%) 
11125 (1%) 

01125 (0%) 

01125 (0%) 
21125 (2%) 
01125 (0%) 

01125 (0%) 
01125 (0%) 
01126 (0%) 

01125 (0%) 

01125 (0%) 
01125 (0%) 
21125 (2%) 
01125 (0%) 
01125 (0%) 

21125 (2%) 
01125 (0%) 

11125 (1%) 
01125 (0%) 

(c) W125 (6%) 
11125 (1%) 

01125 (0%) 
21125 (2%) 
01125 (0%) 
51125 (4%) 
11125 (1%) 
11125 (1%) 

01125 (0%) 
(c) 91125 (7%) 

01125 (0%) 
01126 (0%) 

(c) 24/125 (19%) 
21125 (2%) 
11125 (1%) 
01126 (0%) 

(c) 331125 (26%) 

(c) 14/125 (11%) 
11125 (1%) 

21125 (2%) 
21125 (2%) 
11126 (1%) 

01125 (0%) 

01175 (0%) 
0/175(0%) ' 

11175 (1%) 

01175 (0%) 
21176 (1%) 
21175 (1%) 

11175 (1%) 
01175 (0%) 
01175 (0%) 

11175 (1%) 

11175 (1%) 
01175 (0%) 
31175 (3%) 
11175 (1%) 
21175 (1%) 

11175 (1%) 
W175 (1%) 

01175 (0%) 
31175 (2%) 

(c) 81175 (5%) 
01175 (0%) 

31175 (2%) 
6/175 (3%) 
01175 (0%) 
61175 (3%) 
21175 (1%) 
01175 (0%) 

01175 (0%) 
(c) 81175 (5%) 

4/175 (2%) 
11176 (1%) 

(c)30/175 (17%) 
2/175(1%) 
01175 (0%) 
01175 (0%) 

(c) 461175 (26%) 
31175 (2%) 

(c) 161176 (9%) 
61176 (3%) 
2/175(1%) 
01175 (0%) 

01175 (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 
(c) Incidence significantly greater than that in the controls (P<0.05) 
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TABLE 18. SUMMARY O F  NONGASTROINTESTINAL TUMORS IN RATS ADMINISTERED 
18-DIMETHYLHYDRAZINE DIHYDROCHLORIDE WITH AND WITHOUT INTERMEDIATE-RANGE 

CHRYSOTILE ASBESTOS 

Male 
DMH(a) I R  t DMH(b) 

Female 
DMH I R  t DMH 

Integumentary system 

Hematopoietic system 

Liver 

Keratoacanthoma (c*) 61125 (5%) (c) 111175 (6%) 

Leukemia (c*) 421125 (34%) (c*) 711175 (41%) 

Neoplastic nodule (c*) 121125 (10%) 101175 (6%) 
Hepatocellular carcinoma (c) 171125 (14%) (c) 201175 (11%) 

Acinar cell adenoma 7/124 (6%) (c) 181174 (8%) 

Mixed tumor, malignant 01125 (0%) 11175 (1%) 

Fdlicular cell adenoma 11124 (1%) (c,d) W175 (8%) 
Follicular cell carcinoma 81124 (6%) (c*) 141175 (8%) 

Squamous cell papilloma, adenoma 11125 (1%) 31175 (2%) 
Squamous cell carcinoma or 

Pancreas 

Kidney 

Thyroid gland 

Zymbal gland 

carcinoma (c) 181125 (14%) (c) 241175 (14%) 

01125 (0%) 

(c) 701125 (56%) 

(c) 121125 (10%) 
(c) 121125 (10%) 

M 2 4  (1%) 

(c) 13/125 (10%) 

( c 9  71124 (6%) 
(c*) 51124 (4%) 

11125 (1%) 

(c) 181125 (11%) 

21175 (1%) 

(c) 93/176 (63%) 

(c) 211175 (12%) 
(c) 191175 (11%) 

01175 (0%) 

(c,d) 34175 (19%) 

91174 (5%) 
(c*) 71174 (4%) 

31175 (2%) 

(c) 261175 (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 
(c) 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 

l,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE 

Untreated IR t DMH vs 
Control DMH(a) DMH(b) I R  t DMH 

Mixed Tumor, Malignant 
Overall Rates 0187 (0%) 131125 (10%) 34175 (19%) 
Adjusted Rates 0.0% 21.8% 30.0% 
Tenninal Rates 0155 (0%) 1116 (6%) Ol27 (0%) 
Life Table Test P < 0.001 P co.00 1 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 80. 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 t DMH vs 
Control DMH(a) DMH(b) IR t DMH 

Follicular Cell Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Test 
Incidental Tumor Test 

1/84(1%) 
2.1% 
0126 (0%) 

Follicular Cell Carcinoma 
Overall Rates 5/84 (6%) 
Adjusted Rates 13.1% 
Terminal Rabs 2/26 (8%) 
Life Table Test 
Incidental Tumor Test 

Follicular Cell Adenoma or Carcinoma 
Overall Rates 6/84 (7%) 
A d j d  Rates 14.9% 
Terminal Rates 2/26 (8%) 
Life Table Test 
Incidental Tumor Test 

1/124(1%) 
2.8% 
O/l8 (0%) 
P = 0.720 
P =0.752 

81124 (6%) 
29.9% 
4/18 (22%) 
P=0.130 
P=0.171 

91124 (7%) 
31.8% 
4118 (22%) 
P=0.138 
P=0.184 

141175 (8%) 
28.5% 
2/18 (11%) 
P=O.OOl P=0.003 
P=O.O11 P = 0.006 

14/175 (8%) 
19.7% 
0118 (0%) 
P = 0.045 P = 0.299 
P = 0.246 P=0.403 

281175 (16%) 
42.7% 
2/18 (11%) 
P<O.OOl P=O.OlO 
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 [SRI 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 1, 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 F1 
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. 

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 a t  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 
a t  111 weeks of age was: untreated control, 67%; 
IR chrysotile, 73%; and IWPW, 78%. The 
percentages of female rats alive a t  this time 
were: control, 72%; IR chrysotile, 72%; and 
IIUPW, 73%. In reviewing 26 recent NTP feed 
studies, Haseman (1983a) found an  average of 
66% of control males and 73% of control females 
alive a t  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 a t  
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any anatomic site when compared with the 
concurrent controls. Mesotheliomas (all sites) 
appeared to be increased (not statistically 
significant, PB0.05) 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 FI). 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 (91250, 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 a t  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. I t  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 21100 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 pm in length and less than 1.5 pm in diameter. 
Fibers of this type have been referred to as ‘3’’ 
(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 IWPW 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: 
201529, 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 IWPW (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 

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 IWPW (32/100,32%) chrysotile than in 
the controls 07/85, 20%). Only in the IWPW 
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 IWPW 
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 a t  
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% f 
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 a t  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 a t  
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 Gibe1 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 mglday) for 
8-14 months. Cunningham et al. (19771, 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. (19741, 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 
a t  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 asbestos a t  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. (19801, 
Smith et al. (19801, Bolton et al. (19821, and the 
NTP studies, the other studies were conducted 
with relatively small numbers of animals. Also, 
some were conducted for an insuf7cient 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 a t  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 ofcarcinogenicity are defined in the Note to the Reader on page 2. 
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TABLE Al. SUMMARY OF THE INCIDENCE O F  NEOPLASMS I N  MALE RATS I N  THE LIFETIME 
FEED STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS 

CONTROL (UNTR) SHORT RANGE 

ANIMALS INITIALLY IN STUDY 88 
ANIMALS NECROPSIED 88 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 88 

ANIMALS INITIALLY IN STUDY 88 
ANIMALS NECROPSIED 88 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 88 

250 
250 
248 

INTEGUMENTARY SYSTEM 
*HARDERIAN GLAND 

*MULTIPLE ORGANS 

*SKIN 

FIBROUS HISTIOCYTOMA, MALIGNANT 

FIBROUS HISTIOCYTOMA, MALIGNANT 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
BASAL-CELL TUMOR 
BASAL-CELL CARCINOMA 
TRICHOEPITHELIOMA 
SEBACEOUS ADENOMA 
KERATOACANTHOMA 
FIBROUS HISTIOCYTOMA 
FIBROUS HISTIOCYTOMA, MALIGNANT 

SQUAMOUS CELL CARCINOMA, INVASIVE 
SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 
FIBROUS HISTIOCYTOMA, MALIGNANT 
MYXOSARCOMA 
LIPOMA 
LIPOSARCOMA 
LEIOMYOSARCOMA, INVASIVE 
NEUROFIBROMA 
NEUROFIBROSARCOMA 

*SUBCUT TISSUE 

3 (3%) 

6 (6%) 

1 (1%) 

1 (1%) 

13 (15%) 
4 (6%) 

(88) 

1 (1%) 

1 (1%) 
3 (3%) 

(250) 

(250) 

(250) 
1 (0%) 

7 (3%) 
3 (1%) 
6 (2%) 

12 (5%) 
1 (0%)  
1 (0%) 

14 (6%) 
1 (0%) 
1 (0%) 

3 (1%) 
25 (10%) 

6 (2%) 
1 (0%) 
1 (0%) 
1 (0%)  
2 (1%) 
1 (0%) 
9 (4%) 
2 (1%) 

(250) 

RESPIRATORY SYSTEM 
*NASAL TURBINATE (88) (260) 

#TRACHEA (87) (248) 

#LUNG (88) (247) 

CARCINOMA, NOS 1 (0%) 
SQUAMOUS CELL CARCINOMA 1 (0%) 

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

CARCINOMA, NOS, METASTATIC 1 (1%) 
SQUAMOUS CELL CARCINOMA, METASTATIC 3 (1%) 
ALVEOLAWBRONCHIOLAR ADENOMA 1 (0%) 
ALVEOLAWBRONCHIOLAR 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) (260) 

MALIGNANT LYMPHOMA, NOS 2 (1%) 
MALIG. LYMPHOMA, UNDIFFERTYPE 1 (0%) 
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 1 (1%) 1 (0%) 
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (1%) 1 (0%) 
MYELOMONOCYTIC LEUKEMIA 
MONOCYTIC LEUKEMIA 
LEUKEMIA, MONONUCLEAR CELL 

1 (1%) 
34 (39%) 
1 (1%) 

105 (42%) 
1 (0%) 
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TABLE Al.  SUMMARY O F  THE INCIDENCE OF NEOPLASMS I N  MALE RATS IN THE LIFETIME 
FEED STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

#BONE MARROW 

#SPLEEN 
LIPOSARCOMA, INVASIVE 

MESOTHELIOMA, METASTATIC 
MALIC. LYMPHOMA, HISTIOCYTIC TYPE 

CARCINOMA, NOS, METASTATIC 

SARCOMA, NOS, INVASIVE 
FIBROSARCOMA, INVASIVE 

#MANDIBULAR L. NODE 

C-CELL CARCINOMA, METASTATIC 

#CERVICAL LYMPH NODE 

#MEDIASTINAL LYMPH NODE 

#ILEOCOLIC LYMPH NODE 

#RENAL LYMPH NODE 

#LIVER 

#THYMUS 

C-CELL CARCINOMA, METASTATIC 

MESOTHELIOMA, METASTATIC 

SQUAMOUS CELL CARCINOMA, METASTATIC 

INTERSTITIAL-CELL TUMOR, METASTATIC 

MONOCYTIC LEUKEMIA 

CARCINOMA, NOS 
ADENOCARCINOMA, NOS 

(88) 

(88) 

(88) 

1 (1%) 
~ 

CIRCULATORY SYSTEM 
*MULTIPLE ORGANS 

HEMANGIOSARCOMA, METASTATIC 
*MEDIASTINUM 

HEMANGIOSARCOMA 
*SKIN 

HEMANGIOMA 
*SUBCUT TISSUE 

HEMANGIOSARCOMA 
HEMANGIOPERICYTOMA, MALIGNANT 

HEMANGIOMA 
HEMANGIOSARCOMA 

CARCINOMA, NOS, INVASIVE 
FIBROSARCOMA, METASTATIC 

HEMANGIOSARCOMA, METASTATIC 

#SPLEEN 

#HEART 

#LIVER (88) 

(250) 

(250) 

(250) 

(250) 

1 (0%) 

1 (0%) 

1 (0%) 

2 (1%) 

1 (0%) 
5 (2%) 

1 (0%)  
1 (0%) 

1 (0%) 

(247) 

(247) 

(248) 

DIGESTIVE SYSTEM 
*HARD PALATE 

SQUAMOUS CELL PAPILLOMA 
#SALIVARY GLAND 

SARCOMA, NOS 
FIBROSARCOMA 

NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
C-CELL CARCINOMA, METASTATIC 
FIBROSARCOMA, METASTATIC 

#LIVER 

#PANCREAS 
ACINAR-CELL ADENOMA 
MIXED TUMOR, BENIGN 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
SARCOMA, NOS 

#STOMACH 

69 

(88) 

(87) 

(88) 
12 (14%) 
3 (3%) 

(86) 
7 (8%) 

(88) 

(250) 

(243) 
1 (0%) 

1 (0%) 
3 (1%) 

17 (7%) 
2 (1%) 
1 (0%) 
1 (0%) 

14 (6%) 
3 (1%) 

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

(248) 

(247) 

(248) 
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TABLE Al.  SUMMARY O F  THE INCIDENCE O F  NEOPLASMS IN MALE RATS I N  THE LIFETIME 
FEED STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORTRANGE 

DIGESTIVE SYSTEM (Continued) 
#FORESTOMACH 

#GASTRIC FUNDUS 

#DUODENUM 

#JEJUNUM 

#COLON 

SQUAMOUS CELL PAPILLOMA 

CARCINOMA-IN-SITU, NOS 

ADENOMATOUS POLYP, NOS 

MUCINOUS CYSTADENOCARCINOMA 

ADENOMATOUS POLYP, NOS 
LEIOMYOSARCOMA 

LIPOMA 
LEIOMYOSARCOMA 

#TRANSVERSE COLON 
LEIOMYOSARCOMA 

#CECUM 

*ANUS 
LEIOMYOSARCOMA, INVASIVE 

(871 

(871 

(88) 
1 (1%) 

(248) 

(248) 

(2481 

(2481 

(248) 

1 (0%) 

1 (0%) 

1 (0%) 
1 (0%) 

1 (0%) 
1 (0%) 

(248) 

(248) 

(250) 
1 (0%) 

URINARY SYSTEM 
#KIDNEY 

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

SQUAMOUS CELL PAPILLOMA 
#URINARY BLADDER 

TRANSITIONAL-CELL PAPILLOMA 

(88) 
1 (1%) 
1 (1%) 
1 (1%) 

1 (1%) 

(85 )  

(248) 
2 (1%) 

1 (0%) 

1 (0%) 
1 (0%) 

(247) 

ENDOCRINE SYSTEM 
#PITUITARY 

CARCINOMA,NOS 
ADENOMA, NOS 

CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, MALIGNANT 
GANGLIONEUROMA 

#ADRENAL 

#THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 
FIBROSARCOMA, INVASIVE 

ADENOMA, NOS 

#PANCREATIC ISLETS 

#PARATHYROID 

C-CELL CARCINOMA. INVASIVE 

ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

(871 
1 (1%) 

20 (23%) 
(881 

25 (28%) 
1 (1%) 

(86) 
4 (5%) 
2 (2%) 

13 (16%) 
11 (13%) 

(83) 
6 (7%) 
1 (1%) 

6 (7%) 
3 (3%) 

(86) 

(247) 
3 (1%) 

42 (17%) 

5 (2%) 
73 (29%) 

7 (3%) 
1 (0%) 

13 (5%) 
12 (5%) 
28 (11%) 
24 (10%) 
1 (0%) 

4 (2%) 

(2481 

(2461 

(229) 

(247) 
18 (7%) 
14 (6%) 

REPRODUCTIVE SYSTEM 
'MAMMARY GLAND 

ADENOMA, NOS 
ADENOCARCINOMA, NOS 
PAPILLARY ADENOMA 
PAPILLARY CYSTADENOMA, NOS 
FIBROADENOMA 

(88) 

3 (3%) 

11 (13%) 

(250) 
3 (1%) 

1 (0%) 
1 (0%) 

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 

CARCINOMA, NOS 
SQUAMOUS CELL CARCINOMA 
ADENOMA, NOS 
KERATOACANTHOMA 

ADENOMA, NOS 
#PROSTATE 

#TESTIS 
INTERSTITIAL-CELL TUMOR 
INTERSTITIAL-CELL TUMOR, MALIGNANT 

*EPIDIDYMIS 

*SCROTUM 
MESOTHELIOMA, INVASIVE 

MESOTHELIOMA, INVASIVE 

(87) 

(87) 
81 (93%) 

1 (1%) 

1 (1%) 

(88) 

(88) 

(250) 
8 (3%) 
5 (2%) 
1 (0%) 
1 (0%) 

2 (1%) 

238 (97%) 
1 (0%) 

2 (1%) 

2 (1%) 

(247) 

(246) 

(250) 

(250) 

NERVOUS SYSTEM 
#CEREBRUM 

#BRAIN 

#CEREBELLUM 

ASTROCYTOMA 

CARCINOMA, NOS, INVASIVE 

ASTROCYTOMA 
(88) 

2 (2%) 

(248) 

(248) 

(248) 

3 (1%) 

1 (0%) 

2 (1%) 

SPECIAL SENSE ORGANS 
*HARDERIAN GLAND 

*ZYMBAL GLAND 
CARCINOMA,NOS 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

(88) 

(88) 
1 (1%) 

1 (1%) 
4 (5%) 

(250) 

(250) 
1 (0%) 
4 (2%) 

MUSCULOSKELETAL SYSTEM 
*SKULL 

OSTEOSARCOMA 
*MANDIBLE 

SQUAMOUS CELL CARCINOMA, INVASIVE 
*LUMBAR VERTEBRA 

LIPOSARCOMA 
LIPOSARCOMA, INVASIVE 

*SACRUM 
LIPOSARCOMA, INVASIVE 

*STERNUM 
OSTEOSARCOMA 

OSTEOSARCOMA 

OSTEOSARCOMA 

*RIB 

*FEMUR 

(250) 

(250) 

(250) 

1 (0%) 

1 (0%) 
1 (0%) 

1 (0%) 
(250) 

(250) 

(250) 

(250) 
1 (0%) 

BODY CAVITIES 
*MEDIASTINUM (88) 

*ABDOMINAL CAVITY (88) 

*MESENTERY (88) 

ALVEOLAR/BRONCHIOLAR CARCINOMA, INVASIVE 
FIBROSARCOMA, INVASIVE 

PHEOCHROMOCYTOMA, METASTATIC 

FIBROSARCOMA 
MESOTHELIOMA, MALIGNANT 

71 

(250) 
1 (0%) 
1 (0%) 

(250) 
1 (0%) 

(250) 
1 (0%) 
1 
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TABLE Al ,  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS I N  THE LIFETIME 
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

BODY CAVITIES (Continued) 
*TUNICA VAGINALIS 

MESOTHELIOMA, MALIGNANT 
(88) 

2 (2%) 
(250) 

14 (6%) 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS 

CARCINOMA, NOS, INVASIVE 
SQUAMOUS CELL CARCINOMA, INVASIVE 

PHEOCHROMOCYTOMA, METASTATIC 
FIBROSARCOMA, INVASIVE 
FIBROUS HISTIOCYTOMA, METASTATIC 
MESOTHELIOMA, INVASIVE 
OSTEOSARCOMA, METASTATIC 

C-CELL CARCINOMA, METASTATIC 

(88) 
1 (1%) 

1 (1%) 

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

(250) 

1 (0%) 
1 (0%) 

1 (0%) 

13 (5%) 

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 315 047 
TOTAL ANIMALS WITH BENIGN TUMORS 82 244 

TOTAL BENIGN TUMORS 197 552 
TOTAL ANIMALS WITH MALIGNANT TUMORS 71 199 

TOTAL MALIGNANT TUMORS 106 278 
TOTAL ANIMALS WITH SECONDARY TUMORS# # 7 40 

TOTAL SECONDARY TUMORS 12 59 

BENIGN OR MALIGNANT 12 17 
TOTAL UNCERTAIN TUMORS 12 17 

TOTAL ANIMALS WITH TUMORS UNCERTAIN- 

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 
Q INCLUDES AUTOLYZED ANIMALS 
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TABLE AB. SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  FEMALE RATS IN THE LIFETIME 
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS 

CONTROL (UNTR) SHORT RANGE 

ANIMALS INITIALLY IN STUDY a8 
ANIMALS NECROPSIED 88 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 87 

260 
260 
246 

INTEGUMENTARY SYSTEM 
*SKIN 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
BASAL-CELL TUMOR 
BASAL-CELL CARCINOMA 
TRICHOEPITHELIOMA 
KERATOACANTHOMA 
FIBROSARCOMA 

SQUAMOUS CELL CARCINOMA, INVASIVE 
FIBROMA 
FIBROSARCOMA 
LIPOMA 
LIPOSARCOMA 
OSTEOSARCOMA 
NE UROFIB R 0  MA 

*SUBCUT TISSUE 

(88) 
1 (1%) 
1 (1%) 

1 (1%) 

2 (2%) 

(88) 
2 (2%) 
1 (1%) 
2 (2%) 
1 (1%) 
1 (1%) 

(260) 
4 (2%) 

1 (0%) 

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

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

1 (0%) 
1 (0%) 

s [a%) 

(260) 

RESPIRATORY SYSTEM 
*NASAL TURBINATE 

SQUAMOUS CELL CARCINOMA 
SQUAMOUS CELL CARCINOMA, INVASIVE 

#TRACHEA 

#LUNG 
C-CELL CARCINOMA, INVASIVE 

SQUAMOUS CELL CARCINOMA, METASTATIC 
ADENOCARCINOMA, NOS, METASTATIC 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
FOLLICULAR-CELL CARCINOMA, METASTATIC 
C-CELL CARCINOMA, METASTATIC 
GRANULOSA-CELL CARCINOMA, METASTATIC 
PHEOCHROMOCYTOMA, METASTATIC 
CARCINOSARCOMA, METASTATIC 
OSTEOSARCOMA, METASTATIC 

(88) 
1 (1%) 

(87) 

(87) 
1 (1%) 

1 (1%) 
1 (1%) 

(260) 

(245) 

(245) 

1 (0%) 

1 (0%) 

2 (1%) 
1 (0%) 

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

HEMATOPOIETIC SYSTEM 
*MULTIPLE SITES 

MALIG. LYMPHOMA, HISTIOCYTIC TYPE 
*MULTIPLE ORGANS 

MALIG. LYMPHOMA, UNDIFFER-TYPE 
MALIG. LYMPHOMA. HISTIOCYTIC TYPE 
MYELOMONOCYTIC'LEUKEMIA 
MONOCYTIC LEUKEMIA 
LEUKEMIA, MONONUCLEAR CELL 

C-CELL CARCINOMA, METASTATIC 

ADENOCARCINOMA, NOS, METASTATIC 

ADENOCARCINOMA, NOS, METASTATIC 

MONOCYTIC LEUKEMIA 

#CERVICAL LYMPH NODE 

#MEDIASTINAL L. NODE 

#RENAL LYMPH NODE 

#LIVER 

73 

(88) 

(88) 

1 (1%) 

26 (30%) 
1 (1%) 

(87) 

(87) 

(87) 

(87) 
1 (1%) 

(250) 

(250) 
1 (0%) 

1 (0%) 

1 (0%) 
99 (40%) 

1 (0%) 

2 (1%) 

1 (0%) 

1 (0%) 

(246) 

(245) 

(245) 

(244) 

Chrysotile Asbestos, NTP TR 295 



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) 

ADENOCARCINOMA, NOS 
TERATOMA, BENIGN 
MALIG. LYMPHOMA, UNDIFFER-TYPE 

#THYMUS (67) (190) 
2 (1%) 
1 (1%) 
1 (1%) 

CIRCULATORY SYSTEM 
#SPLEEN (87) (245) 

#HEART (87) (245) 

#ENDOCARDIUM (87) (245) 

ANGIOMA 1 (1%) 

C-CELL CARCINOMA, METASTATIC 1 (0%) 

SARCOMA, NOS 1 (1%) 

DIGESTIVE SYSTEM 
*ORAL MUCOUS MEMBRANE 

*TONGUE 
SQUAMOUS CELL CARCINOMA 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

SQUAMOUS CELL CARCINOMA, INVASIVE 

ISLET-CELL CARCINOMA, METASTATIC 
NEOPLASTIC NODULE 

OSTEOSARCOMA, METASTATIC 

#SALIVARY GLAND 

#LIVER 

C-CELL CARCINOMA, METASTATIC 

#PANCREAS 
ADENOCARCINOMA, NOS 
ACINAR-CELL ADENOMA 
ACINAR-CELL CARCINOMA 
GRANULOSA-CELL CARCINOMA, METASTATIC 

'PHARYNX 

#STOMACH 
SQUAMOUS CELL CARCINOMA, INVASIVE 

CARCINOMA, NOS, METASTATIC 
SQUAMOUS CELL CARCINOMA 

LEIOMYOSARCOMA 
#DUODENUM 

#JEJUNUM 
ADENOCA IN ADENOMATOUS POLYP 
MUCINOUS CYSTADENOCARCINOMA 
LEIOMYOMA 

#ILEUM 
LEIOMYOSARCOMA 

#CECUM 
ADENOMATOUS POLYP, NOS 

#TRANSVERSE COLON 
ADENOMATOUS POLYP, NOS 

#DESCENDING COLON 
ADENOMATOUS POLYP, NOS 
LEIOMYOSARCOMA 

(250) 

( 250 ) 
1 (0%) 

1 (0%) 
1 (0%) 

1 (0%) 

1 (0%) 
5 (2%) 
1 (0%) 
1 (0%) 

1 (0%) 

1 (0%) 

(243) 

(244) 

(245) 

(250) 

(245) 
1 (0%) 
1 (0%) 

2 (1%) 

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

(244) 

(244) 

(244) 

1244) 

(244) 

(244) 
1 (0%) 

2 (1%) 
1 (0%) 

URINARY SYSTEM 
#KIDNEY 

TRANSITIONAL-CELL CARCINOMA 
PHEOCHROMOCYTOMA, METASTATIC 

ENDOMETRIAL STROMAL SARCOMA, INVASIVE 
#URINARY BLADDER 187) 

(245) 
1 (0%) 
1 (0%) 

1 (0%) 
(242) 
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TABLE AB. SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  FEMALE RATS IN THE LIFETIME 
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

ENDOCRINE SYSTEM 
#PITUITARY 

CARCINOMA, NOS 
ADENOMA, NOS 
GANGLIONEUROMA 
NEUROFIBROSARCOMA 

CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, MALIGNANT 

#ADRENAL 

#THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 
CARCINOSARCOMA, INVASIVE 

#PARATHYROID 
ADENOMA, NOS 

#PANCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

~~ 

(87) 
6 (7%) 

39 (45%) 

(87) 
2 (2%) 
9 (10%) 

(87) 
1 (1%) 
4 (5%) 

11 (13%) 
7 (8%) 

(85) 

(86) 
2 (2%) 
2 (2%) 

(244) 
13 (5%) 

101 (41%) 
1 (0%) 
1 (0%) 

8 (3%) 
38 (16%) 

1 (0%) 

4 (2%) 
8 (3%) 

20 (8%) 
21 (9%) 

1 (0%) 

1 (0%) 

5 (2%) 
3 (1%) 

(245) 

(244) 

(222) 

(245) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

CARCINOMA, NOS 
ADENOMA, NOS 
ADENOCARCINOMA, NOS 
PAPILLARY ADENOCARCINOMA 
PAPILLARY CYSTADENOMA, NOS 
PAPILLARY CYSTADENOCARCINOMA, NOS 
FIBROSARCOMA 
FIBROADENOMA 

*CLITORAL GLAND 
CARCINOMA, NOS 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
ADENOMA, NOS 
KERATOACANTHOMA 

SQUAMOUS CELL PAPILLOMA 

CARCINOMA,NOS 
ADENOCARCINOMA, NOS 
ENDOMETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 

*VAGINA 

#UTERUS 

#CERVIX UTERI 
CARCINOMA-IN-SITU, NOS 
ENDOMETRIAL STROMAL SARCOMA, INVASIVE 

#UTERUS/ENDOMETRIUM 
CARCINOSARCOMA 

#OVARY 
THECOMA 
GRANULOSA-CELL TUMOR 
GRANULOSA-CELL CARCINOMA 
MESOTHELIOMA, NOS 

(88) 
1 (1%) 
2 (2%) 
6 (7%) 

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

49 (56%) 

1 (1%) 

1 (1%) 
1 (1%) 

(88) 

(88) 

(87) 
2 (2%) 

15 (17%) 

187, 
1 (1%) 

(871 

(87) 
1 (1%) 

2 (2%) 
1 (1%) 

(250) 

14 (6%) 
19 (8%) 

1 (0%) 
5 (2%) 

1 (0%) 
146 (58%) 

8 (3%) 
1 (0%) 
9 (4%) 
1 (0%) 
4 (2%) 

1 (0%) 

(250) 

(250) 

(245) 

1 (0%) 
34 (14%) 

4 (2%) 

1 (0%) 
2 (1%) 

(245) 

(245) 

(245) 

3 (1%) 
2 (1%) 
1 (0%) 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  FEMALE RATS I N  THE LIFETIME 
FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORTRANGE 

NERVOUS SYSTEM 
#CEREBRUM 

CARCINOMA, NOS, INVASIVE 
CARCINOMA, NOS, METASTATIC 
ASTROCYTOMA 
MENINGIOMA 

CARCINOMA, NOS, INVASIVE 
MENINGIOMA 

#CEREBELLUM 

(87) 
3 (3%) 
1 (1%) 

(87) 
2 (2%) 

(245) 
8 (3%) 

4 (2%) 
1 (0%) 

3 (1%) 
1 (0%) 

(245) 

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 ) 

*SACRUM (88) (250) 

*RIB (88) (250) 

*FEMUR (88) (250) 

SQUAMOUS CELL CARCINOMA, INVASIVE 1 (0%) 

OSTEOSARCOMA 1 (1%) 

OSTE OSARC 0 MA 1 (0%) 

OSTEOSARCOMA 1 (0%) 

BODY CAVITIES 
*ABDOMINAL CAVITY (88) (250) 

PHEOCHROMOCYTOMA, INVASIVE 1 (0%) 

ALL OTHER 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%) 

SQUAMOUS CELL CARCINOMA, INVASIVE 1 
CHEEK 

LEG 
OSTEOSARCOMA 1 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 

NATURAL DEATH@ 
MORIBUND SACRIFICE 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 
DOSING ACCIDENT 
ACCIDENTALLY KILLED, NDA 
ACCIDENTALLY KILLED, NOS 
ANIMAL MISSING 
ANIMAL MISSEXED 
OTHER CASES 

88 
10 
69 

9 

250 
31 

194 

25 
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TABLE A2. SUMMARY O F  THE INCIDENCE O F  NEOPLASMS IN FEMALE RATS IN THE LIFETIME 
FEED STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 

TOTAL ANIMALS WITH BENIGN TUMORS 

TOTAL ANIMALS WITH MALIGNANT TUMORS 

TOTAL ANIMALS WITH SECONDARY TUMORS## 

TOTAL PRIMARY TUMORS 

TOTAL BENIGN TUMORS 

TOTAL MALIGNANT 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 

4 
4 

239 
644 
212 
405 
177 
230 
30 
41 

9 
9 

* 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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+ I  I I  L1 I I  I I  .L 

SKIN . . . . . . . . . . . . . . . . . . . . . . . . . .  
SQUAMOUS CELL PAPILLOMA X 
BASAL-CELL CARCINOMA X X 
KERATOACANTNOMA X X 
FIDROUS NISTIOCYTOMAe MALIONANT , t 

LIVER 
NEOPLASTIC NOOULE 
NEPATOCELLULAR CARCINDHA 
MONOCYTIC LEUKEMIA 

SUBCUTANEOUS TISSUE 
SQUAMOUS CELL CARCINOMA. INVASIVE 
FIBROMA 
FIBROSARCOMA 
LIPOSARCOMA 

NEUROFIBROMA 
NEUROFIBROSARCOIIA 

NEMANOIOPERICYTOMAs MALIOMANT 

+ + + + + + + + + + + + + + + + + * + + + + + + +  
X 

X X -. 

+ 

KIDNEY 
TUBULAR-CELL ADENOMA 
TUBULAR-CELL ADENOCARCINOMA 
MIXED TUMOR. MALIONANT 

TRANSITIONAL-CELL PAPILLDMA 
URINARY BLADDER 

+ 

+ + + + + + + * * + + + + + + + + + + + + + + + +  
X 

0 X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + +  
X '  X 

X 

X 

LUNOS AND BRONCNI 
CARCINOMA, NOSe METASTATIC 
ALVEOLAR/BRONCHIOLAR CARCIMOWA 

TRACHEA 

SPLEEN 

LYMPH NODES 

HEHANOIOSARCDHA 

MESOTNELIOM, I M A S T A T I C  

b + b *,h, + b + + 6 + 6 b b 6 + + + + + + + + + 
omearxve siarm 

SALIVARY OLAND + + - -  + + . +  t + + + + + + + + +  + + + + + + + +  

B I L E  DUCT 

OALLBLAOOER I COmON B I L E  WCT 

PANCREAS 

ESOPNAOUS 

STOMACH 
SQUAMOUS CELL PAPILLOMA 

SMALL INTESTINE 
MUCINOUS CYSTAOEMOCARCINDHA 

LAROE INTESTINE 
LEIOMYOSARCOMA 

ACINAR-CELL AOEMOHA 
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ANIMAL 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ~ -  
NUMBER 

STUDY 

4 5 5 5 5 5 5 5 5 5 5 b b b b b b b b b b 7 7 7 7  
0 1 2  

U E R n  on 1 1 1 1  1 1 1 1 1 1 0 0  
2 s z z z 6 s s t j , / s j z i +  4 
2 1 2 5 5 9 7  7 6 7 7 2 9 9 9 2  

PITUITARY 
CARCINOMA,NOS 
ADENORA. NOS 

PHEOCHROMOCYTOMA 
 PHEOCHROMOCYTOMA^ MALIGNANT 

ADRENAL 

+ + + * + +  + + + + + + -  * + + + + + * +  + + ' * +  

x x  x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X x x  X x x  

THY R0 I D 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

+ + - + + + + + + ~ + + + + + + + + + + ~ + + + +  
X X 

X 
X X 

X X X x x  
PARATHYROID 

ADENOMA, NOS 
C-CELL CARCINONA. I N V A S I V E  

ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

PANCREATIC I S L E T S  

NANNARY GLAND 
AOENOCARCINOMA~ NOS 
FIBROAOCNOMA 

+ + - + + - * + - + * * + + + * + 4 * - 4 + + + +  
X X 

+ + + t + + + * + t + + + + + t + * - + + + t t +  
X 

TESTIS 
INTERSTITIAL-CELL TUROR 

PROSTATE 

+ + + + + N + + t + + N + + + + + t + t t + + t N  

X X 

+ * * + + + + + + * + * * + + + + + + + + + + * +  
X X X X X  x x x x x x  x x x x x x x x x &  
+ + + + + + + + + + + + + + + + + + + + + + + + +  

ZYMBAL'S GLAND 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

PREPUTIAL/CLITORAL GLAND 
CARCINOMA,NOS 
SQUAMOUS CELL CARCINOMA 

MESOTHELIOMA, I N V A S I V E  
EP I D I  DYMI S 

m O U S  SYSTEM 

ASTROCYTOMA 
BRAIN 

SPECIAL S E N ~ A N S  

HARDERIAN GLAND 
CARCINOMA~NOS 
FIBROUS HI5TIOCYTOMA. MALIGNANT 

N N N N N N N N N N N N N N N N N N N N N N M N N  
X 

X 

N N N N N N N N N N N N N N N N N N N N N N N M N  
X 

4 + * * * + + * + + + + * t + + + + * + + + + + +  
X X 

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  

NULTIPLE ORGANS NOS 
CARCIHOIlA, NOS, I N V A S I V E  
PHEOCHROMOCYTOMAO METASTATIC 
FIBROUS HISTIOCYTOMA. MALIGNANT 
FIBROUS HISTIOCYTOMA, METASTATIC 
MESOTHELIOMA, INVASIVE 
OSTEOSARCORA~ METASTATIC 
MALIG.LYMPHOMA+ LYNPNDCYTIC TYPE 
NALIG.LYMPHOMA~ H I S T I O C Y T I C  TYPE 
MYELOMONOCYTIC LEUKEMIA 
MONOCYTIC LEUKEMIA 
LEUKEPIIA~MOHONUCLEAR CELL 

MUSCULOSKELETAL 5 YSTEM 

BONE 
SQUANOUS CELL CARCINOMA, INVASIVE 
OSTEOSARCOMA 

m Y  C A V I m  

TUNICA VAOINALIS 
MESOTHELIOMA. NALIGNANT 

l 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  I -  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ N N N N N N N N N N + N H N N N N N N N N N N N  

+ + + + ~ + + + ~ + ~ + ~ + + ~ + + + + ~ ~ + + +  
x .  

SCROTUM NOS 
M E S O T U M A .  INVASIVE l x  
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TABLE AS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 

A N I M A L  5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 -  
NUMBER 7 7 7 7 7 7 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ v v v v v v v v v  

D I  
STUDY 1 2 0 s 9 2 1 9 2 1 1 f 0 2 7 s v 2 1 0 2 2 2 s 0  

l 0 I l l l ~  

S K I N  
SPUAMOUS C E L L  C A P I l l O M A  
BABAL-CELL CARCINOMA 
KERATOACANTHOMA 

+ + + + + + + 4 + 4 + + + + + + + + + t + + + + +  

X x x  

L U N O l  AND BRONCHI  
CARCINOMA, HOB, M E T A I T A T I C  
ALVCOCAWBROHCHIOLAR CARCINOMA 

I U B C U T A N L O U I  T I I I U L  
g IUAMOUS C E L L  CARCINOMA, I N V A I I V C  
FIBROMA 
C I I R O I A R C O M A  
CICOSARCOMA 
H E ~ l A f l O I O C E R I C ~ T O M A ,  M A L I O N A N T  
I IEUROPIDROHA 
~ I W R O F I D R O B A R C O M A  

TRACHEA I +  + + + + + + + + t + + + + , +  + + + + + + + + + + I  

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x  x X X x X 

X X 

l l C p i A l U ? ' U & C l & ~  1 l D l C l ' l  

BONE MARROW 

SPLEEN 

LYMPH NODES 

H ~ t l A f l O I O S  ARCOkA 

MESOTHELIOMA, M E T A S T A T I C  

K I D N E Y  
TUBULAR-CELL ADENOMA 
TUBULAR-CELL AOENOCARCINOMA 
M I X E D  TUMOR. M A L I G N A N T  

T R A N I I T I O N A L - C E L L  P A P I L L O M A  
U R I N A R Y  BLADDER 

HEART 

T EM 

4 4 t 4 + + t t t + t + t t t + t t t 4 t t 4 4 4  
X 

4 t t t t t + + t + 4 t + t + + t - t 4 t + t t +  

S A L I V A R Y  GLAND 

L I V E R  
N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCINOMA 
f lONOCYTIC L E U K C R I A  

B I L E  DUCT 

GALLBLADDER 8 COMMON B I L E  DUCT 

PAHCREAS 

ESOPHAGUS 

STOMACH 

ACINAR-CELL ADENOMA 

SQUAMOUS C E L L  P A P I L L O M A  

SMALL I N T E S T I N E  
MUCINOUS CYSTADENOCARCINOMA 

LAROE I N T E S T I N E  
LEIDMYOSARCOMA 

+ +. 4 t 4 -  4 + t + + 4 + + + + 4 + + t t t + t + + 
4 + 4 4 * t + + + + t + + t t + t + 4 + + + + + +  

x x  X X X 

j * + + + + + + * * + + + * + + + + + + + + + + +  +i 
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IFETl 

P I T U I T A R Y  
CARCINOWA~NOS 
ADENOMA, NOS 

ADRENAL t + + + + * + + + t t + + t t 4 4 * + * + + + ' + +  
PHEOCHROWOCYTOMA x x  x x x  x x x x x  
PHEOCHROWOCYTOMA~ NALIONANT 

THYROID + + - + + + t + t t ~ + + + + + t t + + + + + + +  
FOLLICULAR-CELL ADENOMA 
P O L L I C U L I R - C E L L  CARCINOMA 
C-CELL ADENOMA x x  X X 
C-CELL CARCXNUMA ? 

PANCREATIC I 5 L B T S  
I? ILET-CELL ADENOMA 
I S L E T - C E L L  CARCINOUA 

PARATHYROID 
ADENOWAP NOS 
C-CELL CARCINOWAI I N V A S I V E  

S T I T I A L - C E L L  TUWOR 

CLITORAL GLAND 

CYTOMA, MALICJNANT 

LYWBAL'S OLAND 
SQUAMOUS CELL PAPILLOWA 
SPUAWOUS CELL CARCINOWA 

0ONE 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  

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  

SCROTUM NOS 
YE 1 
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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) 

SKIN 
SQUAMOUS CELL PAPILLORA 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 
FIBROUS HISTIOCYTOPIA, RALIGNANT .. 

N + t + t t t t t t t t t + + + t t t t t + t + +  

r 
SUBCUTANEOUS TISSUE 

SQUAMOUS CELL CARCINORA. INVASIVE 
FIBROMA 
FIBROSARCOPIA 
LIPOSARCOMA 
HEMANGIOPERICYTORA, PIALIGNANT 
NEUROFIBROMA 
NEUROFIBROSARCORA 

N t + + + t t t t t + + t t + 4 t t + t t + + + t  

X X 
X 

X 

X 

m P I R A T O R Y  SYSTER 

LUNGS AND BRONCHI 
CARCINORAt NOS, RETASTATIC 
ALVEOLAR/BRONCHIOLAR CARCINORA . 

TRACHEA 

~~;AToPoIWV~Y’SRR 
BONE RARROU 

SPLEEN 
HEHANOIOSARCORA 

RESOTHELIORA. RETASTATIC 
LYRPN NODES 

t t t ~ + + t + + 4 + t t t t + + + + + t 4 + t +  
X 

X 

t t + + + + t + t + t + + ~ . + t t + + t + + + + +  

. + + + + +  + 4 4 t t + + + t + + + + + 4 4 * 4 * + .  

+ t + t t t + t + t + + t + + t t + t t + + + + +  

t + t t + + + + + + + + + + + t + + + + + + + + k  

r 

SALIVARY GLAND 

THYRUS 
ORA. NOS 

LIVER 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINORA 
MONOCYTIC LEUKERIA 

+ t - - t * + + t * + 4 t + - + t - * - + + + + +  

B I L E  DUCT 

GALLBLADDER 8 CORNON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 
SQUAMOUS CELL CAPILLORA 

SRALL INTESTINE 
VUCINOUS CYSTADENOCARCINOMA 

LARGE INTESTINE 
L EIOMYOSARCORA 

ACINAR-CELL AOENORA 

HEART 

~IGESTIVE s YSTER 

t t ‘ t t t t t + t t + t t + t t t t t + + t + + 4  

t t t + + t + + + t t t + + t + t t + t t + t + 4  
x x .  x .  X 

t + t + t t t + + + + t t t t t + t t t t t t + 4  

N N N N N N N N N N N N N N N N N N N N N N N N ~  

t t t t t t t t + + + + t t t + + t + t + + + + 4  
X X X X X 

t t t t t + + t t t t t t t t t t t + t + + + t +  

+ ~ + t + t + + + t t t t + ~ + + t t + t + t ~ +  

t t t t + + + ~ + t + t t + t + t t + t + t t + +  

/ t t + + + t t t t t t t t + + t t + + t + t + + +  

L. 

KIDNEY 
TUBULAR-CELL AOENORA 
TUBULAR-CELL AOENOCARCINORA 
NIXED TUMOR, RALIGNAHT 

t ~ + + t + t + + + ~ t ~ + t t + + t + + ~ + t + -  

+I URINARY BLADDER t t t t t t * t t t t ~ t t t t t + t t t + + t  
TRANS I T 1  OHAL-CEL L PAP1 L L ORA I 
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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) 

THYROID 
FOLLICULAR-CELL ADCNOIIA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINORA 

P I T U I T A R Y  
CARCINOMAnNOS 
ADENOMA. NOS 

4 4 4 4 k 4 4 4 4 t + t 4 4 + t + t 4 4 4 4 4 4 4  

X 
x x  

I x X t 

4 4 4 4 4 4 4 4 4 4 t 4 4 4 4 4 4 4 t 4 t 4 4 4 4  

X x x x  

PARATHYROID 
ADENORA, NOS 
C-CELL CARCINOMA, I N V A S I V E  

4 t 4 4 4 4 4 4 4 4 t 4 4 4 4 4 4 4 4 t 4 4 4 t 4  
PHEOCHROIIOCYTOHA X x x  X X 

ADRENAL 

PHEOCHROMOCYTOMA. HALIQNANT 

4 4 4 4 4 + 4 4 4 4 4 4 4 4 4 4 t 4 4 4 4 4 t 4 4  
X X 

X 

N 4 4 4 + 4 4 4 4 4 4 4 t 4 4 4 + 4 N 4 4 4 + 4 +  
X 

X X X X 

4 4 4 4 4 + ~ 4 t 4 t 4 4 4 + 4 4 4 4 4 4 4 4 4 4  
x x x x x x x x x x x x x x x x  x x x x  x x x  

EPIDIDYMIS  

m O U S  SYSTEM 

RESOTHELIOHA, I N V A S I V E  

PANCREATIC I S L E T S  
ISLET-CELL ADENOMA 
1SL lT -CELL  CARCINOMA 

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  

4 + 41 

4 4 4 4 + t 4 + 4 4 4 4 * 4 4 4 4 4 4 4 4 4  
X l x  X 

HARDERIAN OLAWD 
CARCIMOMA*NOI 
FIBROUS HISTIOCYTOMA. HALIQNANT 

ZYNBAL'S QLAND 
SQU1MOUS CELL P A P I L L W A  
SQUANOUS CELL CARCINOMA 

I 
M I t 

N N N N N N H N N N N N N N N N N N N N N N N N N  
X 

., X 

t 4 4 4 4 4 4 t 4 4 4 4 4 4 4 4 t t 4 4 4 4 4 t t  

X 

RAMMARY QLANO 
AOENOCARCINOMAI 
FIBROADENOMA 

TUHICA VAGINALIS  
MESOTHELIONA, HALIONAHT 

ALL 01- 

NOS 

t 4 4 4 4 4 4 4 ' 4 4 t 4 4 4 4 4 4 t 4 4 4 4 t 4 4  

N N N N N N N N N N N U N N N N N N N N N N N N N  
X 

TESTIS 
INTERSTIT IAL-CELL  TUllOR 

1 

X 

X 
X 

x x  x x  x x x  X 

PROSTATE 4 4 4 ~ 4 4 4 4 4 t 4 t 4 4 4 4 4 4 t 4 4 4 4 4 4  

SCROTUM NOS 
NVASIVE 

PREPUTIAL/CLITORAL QLANO 

SQUAMOUS CELL CARCINORA 
CARCINOMA,NOS 

1 

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  x x  
X 

BRAIN t 4 4 4 4 4 4 4 4 4 4 4 4 t t 4 4 t 4 4 4 4 4 4 4  
ASTROCYTOl9A X 

I 
RUSCULOSKELETAL SYSTEM I t 

I N + N N N N N N N N N N N N N N N N N N N N N N N  
X 

BONE 

l x  
SQUAMOUS CELL CARCINOMA. I N V A S I V E  
OSTEOSARCONA 

MY ~ ~ ~ O M O N O C Y  TIC LEUKEMIA 
HOMOCYTIC LEUKERIA 
LEUKEMIA.MONONUCLEAR CELL 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF SHORT-RANGE CHRYSOTILE ASBEST08: UNTREATED CONTROL (Continued) 

4 4 4 4 4 4 4 4 4 4 4 4 4  

X 
X 

TOTAL 

TUMORS 
'TISSUES 

ARY SYSTEH 

aaw 
1 
3 
5 

S K I N  
SOUAMOUI CELL PAPILLOMA 
BASAL-CELL CARCINOMA 
KERATOACANTHOPIA 
FIBROUS  HISTIOCYTOMA^ HALIONANT 

SUBCUTANEOUS TISSUE 
SOUAHOUS CELL CARCINOMA. INVASIVE 
FIBROMA 
FI8ROSARCOPIA 
LIPOSARCOPIA 
HEMAHOIOPERICYTOHA. HALIONANT 
NEUROFIBROMA 
NEUROFIBROSARCOAA 

4 4 4 + 4 4 4 4 4 + 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4 .  

a8 
1 
2 ,  

8? 

4 4 4 + 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 * 4 4 4 4 4  
x 

X 

X 

aa .. 
a8 

X 

4 4 4 4 4 4 4 4 4 * 4 4 4  

4 4 - 4 4 4 * 4 4 4 4 4 4  
x 

1 

4 
I 15 

I i  

88 

76 

1 .  

1 -  
I 

LUNGS AND BROIICHI 
CARCINOMA, NOS, METASTATIC 

. ALVEOLAR/BROHCHIOLAR CARCINOMA 

4 4 4 4 4 4 4 4 4 4 4 4 4  

TRACHEA 

C SYSTEM 

BOW€ HARROU 

SPLEEN 

L m P N  NODES 

HE~lANGIOSARCOHA 

HESOTHELIOPIA. METASTATIC 

88 I 

THYMUS 
ADEHOCIRCTNORL. NOS 

RRCULATORY SYSTEM 

+ 4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 - 4  

HEART 

88 

I? 

1 .  

1 

SALIVARY GLAND 

KIDNEY 
TUBULAR-CELL AOENOMA 
TUBULAR-CELL ADEHOCARCINOHA 

L IVER 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
MOHOCYTIC LEUKEMIA 

4 4 4 4 4 + 4 4 4 4 4 4 +  88 
1 
1 

B I L E  DUCT 

GALLBLADDER C COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 
SQUAMOUS CELL PAWLLDPIA 

W A L L  I N T E S T I N E  
MUCIHOUS CYSTADENOCARCINOMA 

LARGE I N T E S T I N E  
LEIOMYOSARCOHA 

ACINAR-CELL ADENOMA 

URINARY BLADDER - TRANSITIOHAL-CELL PAPILLOMA 
4 4 4 4 4 4 4 4 4 4 4 - 4  85 

X 1 
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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 
HUMBER 

U r n  ON 
STUDY 

ENDOCRINE SYSTEM 

6 6 6 6 6 6 6 6 6 6 6 6 6  
2 2 2 2 2 2 3 3 3 3 3 3 3  

TOTAL -rT-i.T7T 77+7-i------------- 'TISSUE 
~ a s 2 s s s i 3 3 s i o  TUMOR 
7 1 5  7 8 6 2 2 8 7 7 7 2 s  

PITUITARY 
CARCINOMArNOS 
AOENORA. NOS 

PHEOCHROMOCYTOMA 
PHEOCHROROCYTOMA, MALIONANT 

ADRENAL 

4 + + + 4 + + + * + * + 4  87 
1 

X X X X X 2p 

X x x  X 2s 
+ + + + t + + + + + + + +  a8 

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

* + + + + + + + + * + + +  a6 
X 4 

2 
13 
11 

X 

x x  x x x  

PARATHYROID + + + + + + t + * + + + +  
AOEHOMA. NOS X 

E P I D I D Y n I S  
MESOTHELIOMA. INVASIVE 

8 3  
6 

/ N  N N N N H N N  N N N N N  

PANCREATIC I S L E T S  
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

M 

t + + + + t * + * + + - *  86 
X X 6 

3 X 

ZYMBAL'f QLAND 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

MAMMARY W A N D  
ADEHOCARCINOMA~ NOS 
FIBROADENOMA 

INTERSTIT IAL-CELL  TUPIOR 
TESTIS  

PROSTATE 

PREPUTIAL/CLITORAL GLAND 
CARCINOMA~NOS 
SQUAMOUS CELL CARCINOMA 

+ * + + + + + + + + + + +  a m  
3 

X X X 11 

+ * + + + + + + + + + - +  87 
X X X X X X X X X X X  X 

4 + 4 + * + + t + + + - +  87 

X 

N N M M N N H H M H N N N  aan 
4 X 

RULTIPLE ORGANS NOS 
CARCINOMA, HOS, INVASIVE 
PHEOCHROMOCYTOMA. METASTATIC 
FIBROUS HISTIOCYTOMAt MALIONANT 
FIBROUS  HISTIOCYTOMA^ METASTATIC 
MESOTHELIOMA. INVASIVE 
OSTEOSARCOMA, METASTATIC 
MALIQ.LYMPHOMA, LYMPHOCYTIC TYPE 
MALIQ.LYMPNOMA. H I S T I O C Y T I C  TYPE 
MYELOMOHOCYTIC LEUKEMIA 
MOt4OCYTIC LEUKEMIA 
LEUKEMIA.MOHONUCLEAR CELL 

+ + + * + + * * + + + * +  BRAIN 
ASTROCYTOMA 

B 
HARDERIAN QLAND N N N N N N N N N N N N N  

CARC1HOMA.NOS 
FIBROUS HISTIOCYTOMA. MALIGNANT , 

88 
4 - 
1 
1 

R U S C U L O S m T A L  SY5TEM 

8ONE 
SQUAMDUS CELL CARCINOMA* I N V A S I V E  
OSTEOSARCOMA 

BODY CA-S 

TUNICA VAQINALIS  
MESOTHELIOMA, MALIGHAHT 

ALL OTH- 

a5 

a w  
1 
2 

N H N H N N N N N N N N N  

+ + + + + + + * + + * N +  a m  
2 
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N H N N N N N N H N N N N  

X 

x x x  x x  
X 

8e.w 
1 
1 
1 
1 
1 
1 
1 
1 
1 

34 

SCROTUM NOS 



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

n n r O 1 D  
POLLICULAR-CELL ADENOM 
FOLLXCULAR-CELL CARCIWOIU 
C-CELL ADCWOllA 
C-CELL CARCIWQlA 

K I D I I n  
TUIULAR-CCLL A D U W A  
MIXW T M R ,  I I A l I o l l A 1 T  

* . * * * * * * * * + * * C * * * * + * * * * * +  
X X 

X X X x x x  X x x  
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF SHORT4tANGE CHRYSOTILE ASBESTOS SHORT-RANGE (Continued) 
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X 

X 

X 

88 



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

I 
S I t 
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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) 

IWICL VLII I (LL1l  msotnnxau. WULINIAIIV 
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AMIMAL N u m a  
wcb) om 
STUD* 

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

JMAI IT  

I . . . . . . . . . . . . . . . . . . . . . . . . .  

X I 

I . . . . . . . . . . . . . . . . . . . . . . . . .  

X I . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
I 

. . . . . . . . . . . . . . . . . . . . . . . . .  

L 
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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) 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x X X X X X x X X x X X X x x X X x X X x x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  

mTr¶  
I l T n S T I l I l L - C c L L  T ( A l  
I ~ T U S T I T 1 A L - C E L L  TUMOR. I U L I U I .  

i Y r 
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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) 

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

x x x  x x  X X x x x  X II 
I R  CILL c c 
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TABLE A3. INDIVIDUAL ANIMAL TU& 
STUDY OF SHORT-RANGE 
I 

W n an ,!!D: 

ISOCRAWI 

)R PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
HRYSOT'ILE ASBEST08: 5HQRT.RANGE (Continued) 

X 
X 

X 

X X 
X 
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AMIMI  
W W d  
WI na ON 
l1tW 

K!EE~!ih.!: 4IWI:Wr 
rixid!ros!e5:::~#acLm U I  W41 I L A  

IICDIASTIMM N N N w N N N ~ w w w w w N w w m w N * ~ l l ~ ~  
A l V L O l A R ~ 8 R O N C W I O L A R  CAB I I V A S I V I  
P l l R O S A I C O M A ~  I N V A S I V I  
HUIANOIOSAICOBA 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
W 

? 

M L l l P L l  OROANS NOS 
SQUAMOUS 5111 CARCINOBA~ I W V A S I V I  
C-SILL CAIClWOMAm MCTASTAI IC 
C I S I O l A R C O R A ~  I N V I S I V I  
CIIROUS  HISTIOCYTOMA^ MALIONAWT 
R I S 0 1 W C l I O M A ~  I H V A S I V I  
H ~ A N O I O S A R C O R A ~  R I T A S T A T I C  
RAL!ONANT LYlWNOBA. NOS 

RALIO.lYIWCROMI~ LYIWNOCYTIC T Y C I  
RAL~IO.LYIWNOMAl HISTIOCYTIC TYPE 
llOWOCYlIC L I U R C M I A  
L I U K I U I I ~ R O W O M U C L I A I  C I L L  

RILIO.LY~WWOMI, U w o w r t i - i Y r e  
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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) 

I IOIWAWS 
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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) 

PITUITARY 
CAICINO(U.NO1 
AOIWQIA. I M S  
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFE 
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS SHORT-RANGE (Cont 

E¶W*AOu5 

RLCluII 
LEIOI I IOIARCOMA~ I M V A S I V I  

X 

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: SHORT-RANGE (Continued) 

THY1010 
COLLICULAR-CIL A D D M U  
COLLICULAR-CCLL CARCIWQU 
C - C U L  ADM011A 
C-CELL C A R C I Y D I U  

* * * * * * * + * + * * + * + - * * * * . , , , ,  
X X X 

X X x x  

X X 

X 

x x x x  X X I  

SCROTUM MO¶ 
Y I  I 

101 Chrysotile Asbestos, NTP TR 295 



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

I 
X 

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 SHORT-RANGE (Continued) 

i m a I o  
FOLLICULAR-CELL A D W ( U  
FOLLICULAR-CELL CAICINDlu 
C-CELL ADLNMA 
C-CELL CARcInanA 
CIS~OSARCOIUI ZMVASIVE 

b b b b b b b b b b b b b b b b b b b b b b b b b  

I X X 

b b b b b b ~ ~ b b b b b ~ b b b b b ~ b b b b b  

X X 
X X 

X X 

PINCRCATIC ISLETS 
ISLET-CELL ADWOnA 
ISLET-CELL CARCZWOW 

P I R I T W R O I D  
AOO(OI1A. NOS 

b * b b b b b b b b b b b b b b b b b b - b b b b  

b 4 b b b b ~ b b b b b b b b b b b b b b b . b b  
X X 

X 

X I  X I 1  I X X  X I 1  x X 

I I  

4 
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9TUDY OF SHORTORANGE CHRYBOTILE ASBEBTOS SHORT-RANGE (Continued) 
M 

u r n  
l&d 
SJUW I 

A I 

* * * * * * * * * * * * N * * * * * * * * * * * *  U 8 I  

X X I 
X 

X x 
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TABLE A3. INDIVIDUAL ANIMAL T1 
STUDY OF SHORT-RANG 

M M  USU 
ma On 

a 

4OR PATHOLOGY OF MALE RATS IN THE LIFETIM: 
CHRYSOTILE ASBESTOS: SHORTSRANGE (Continuec 

. . . . . . . . . . . . . . . . . . . . . . . . .  

y 
* + * + * + * * + * * + + + * * + + + * * * + + *  
x x x x x x x x x x x x x x x x x x  x x x x x x x %. 

I i  
II I II II I II W II II I I II II I I I W II II N II I II II II 2101 

I 
L 

W II II M II I II I I I II W I N II II I M II II W I I I I 2IW 

* b + + + + b + b * * * + * + + * * + 21ar 
X X IC 

W W W I II I II W I I I M W W I I II II I W I W W II W 21#U 

I 

II I W I I I II I N M W W W N I II I I I II W W I W I 2988 
1 
1 

X X 

1 
x x x  x x x  x x  x x x  X 181 

FEED 

SCROIUM NOS 

I AIII I1ALS WICIOPSIID 
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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 

t t t t t t t t + t t + t t t + t t t t t t t t t  

x 

t t t t t t t t t t t + t t t t t t t t t t t t t  

H H N H H H H H N N  + N  N H ' H H H H N N N H H H N  
X 

t t t t t t t t t t t t t + t t t t t t t + t t t ~  

t t t t t + t t t t t t t t + + + t t t t t t t t  

A N I R A L  
NUMBER 

T@%S OH 
STUDY 

~ H T E G U R E N T A R Y  S Y S T E  M 

S K I N  
SQUAROUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINORA 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 

+ t + t t t t t t t t t t t t t t t t t t t t t t ~  

t t t t t t - t t t t t t t - - - t t t t t t - t ~  

t t t t t t t t t t t t t t t t t t t t t t t t t  
X 

N H H N H N H H N H H H N H N H N N N N N N N N N  

t t t t t t t t t t - t  t t't t t t t t t t t t + t. 

t t t t t t t t t t t t t t t t t t t t + t t t t  
X 

SUBCUTANEOUS T I S S U E  
SQUAMOUS CELL CARCINORA. I N V A S I V  
F I l R O M A  
FIBROSARCORA 
LIPOMA 
LIPOSARCOMA 

~~ ~~ 

t t t t t t t t t t t + t t t t t t t t t t t t t  

N H H H H N H H H H H N H N H H N H H H H H H N H .  

+ t t t t t t t t t t t t t t t t t t - t t t t t  

X 

RESPIRATORY S m R  

LUNGS AN0 BROHCHI 
SQUAMOUS CELL CARCIHORAo RETASTA 
ALVEOLAR/BRONCNIOLAR CARCIHORA 
FOLLICULAR-CELL CARCINOMA, RETAS 

TRACHEA 

NASAL C A V I T Y  
SQUAMOUS CELL CARCINOMA 

rm?iiTavarenc S Y S T U I  

BONE MARROW 

SPLEEN 

LYMPH NODES 

ANGIOMA 

ATORY SYSTEM 

HEART 
SARCORA. NOS 

MGESTIVE s YSTER 

ORAL C A V I T Y  

SALIVARY GLAND 

SQUAMOUS CELL CARCINOMA, I H V A S I V  

L I V E R  
HEOPLASTIC NODULE 
n o H o c r i x c  LEUKEMIA 

B I L E  DUCT 

GALLBLAOOER 1 COMROH B I L E  DUCT 

PANCREAS 
ADENOCARCIHDMA, HDS 
ACINAR-CELL ADENOMA 
ACIHAR-CELL CARCINOMA 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  
LEIOMYOSARCOMA 

LARGE I N T E S T I N E  
AOENOMATOUS POLYP. NOS 

URINARY SYSTEM 

KIDNEY 

URINARY BLADDER 

t t t t t t t t t t t t t t t t t t t t t t t t t  

+ t + t t t t t t t t t t t t t t t t t t t t t t  

X 

X 

1 

~~ .. . 
t t t t t t t t t t t t t t t t t t t t t t t t t  

t t t t t t t t t t t t t t t t t + t t t t + t t  

t , t t t t t t t t t t  t t t t t + t t t t t t t  
X 

t t t t + t t t t t t t t t t t + t t t t t t t t  

1 
+: T I S S U E  EXARINED MICROSCOPICALLY : NO T I S S U E  INFORMATION S U I R I T T E O  
-: REQUIRED T I S S U E  NOT EXARINED RICROSCOPICALLY C: NECROPSY, NO HISTOLOQY DUE TO PROTOCOL 
X: TUMOR I N C I D E N C E  A :  AUTOLYSIS 
N: NECROPSY. NO AUTOLYSIS, NO MICROSCOPIC EXAMINATIOH M: ANIMAL M I S S I N Q  
5 :  ANIMAL MIS-SEXED B: NO HECROPSY PERFORRED 
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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) 

PITUITARY 
CARCINOMAiNOS 
AOENOMA, NOS 

ADRENAL 
CORTICAL ADENOMA 
PNEOCNROMOCYTOMA 

THYROID . . . . . . . . . . . . . . . . . . . . . . . .  
FOLLICULAR-CELL AOENOMA 
FOLLICULAR-CELL CARCINOMA X 
C-CELL ADENOMA X x x  X X 
C-CELL CARCINOMA 

MAMARY OLAND . . . . . . . . . . . . . . . . . . . . . . . .  
CARCINOMArNOS 
ADENOMAr NOS 
AOENOCARCINOMA~ NOS 
PAPILLARY CYSTADENOMAr NOS 
PAPILLARY CYSTADENOCARCINOMA,NOS 
FIBROSARCOMA X 
F fBROADENOI4A x x x x x  x x x  X x x x x  

PRCPUTIAL/CLITORAL OLANO N N N ~ N N N N N N N N N N N N N N N N N N N N  
CARCIHOMA,NOS 
SPUAflOUS CELL CARCINOMA X 
ADENOMA, NOS 

7 

UTERUS . . . . . . . . . . . . . . . . . . . . . . . .  
CARCINOMA-IN-SITU, NOS 
CARCINOMADNOS 
ENDOMCTRIAL STROMAL POLYP X X 
CARCINOSARCOMA 

OVARY + + + + + + + + * + + ~ + * * * + + * + + + + +  
THECOMA X 

+ + + + + + + ~ + + + + + + + * + + + * + + + +  
X 

BRAIN 
CARCINOMAI NOS. I N V A S I V E  
CARCINOflAr NOS, METASTATIC 

ZYRBAL'S OLAND + + + + + + + t + + n + + + + + n + + + + + t ~  
SQUAMOUS CELL CARCINOMA X 

BONE OITEOSARCOMA I N N N N N N N N N N N N N N N M N N N N N N N N I  

n u i r I P L e  OROANS NOS N N N N N N N ~ N N N N N ~ ~ N N ~ ~ N N N N N I  
CARCINOMA, NOS. INVASIVE 
SOUAflOUS CELL CARCINOMAr I N V A S I V E  x x  
SARCOMA. NOS, I N V A S I V E  
SARCOMA, NOS, METASTATIC 
MALIO.LYMPHOMA, H I S T I O C Y T I C  TYPE X 
MONOCYTIC LEUKEMIA X x x x  x x  X 
LEUKMIA~MONONUCLEAR CELL 

* 

CHEEK NOS 
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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) 

ANINAL 
NUMBER 

WEEKS ON 
STUOY 

TARY SYSTEM 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 d  
6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 1 8 8 8 8 8 8 8  

0 1 2 3 4 5 ~ .  
1 1  1 1 0  1 1  1 1  1 1 0 1 1 0  1 1 f.1 1 0 1 1  
1 1  7 1 2  9 1 4  3 3 3 8 , 1  2 8 t , 4  9 1 1 , l  2 4 , 9  2 , 2  

4 1 8  2 5 6 3 0 8 3 4 3 1 4 1 s  3 1 3 .  

SKIN 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINONA 
8ASAL-CELL CARCINONA 
KERATOACANTHONA 

SQUAROUS CELL CARCINOMA, INVASIVE 
FIBROMA 
FI8ROSARCONA 
LIPOMA 
LIPOSARCOMA 

k ESP I R AT DRY SYSTrR 

SUBCUTANEOUS TISSUE 

LUNQS AN0 BRONCHI 
SQUAMOUS CELL CARCIHOMA, WETASTAT 
ALVEOLAR/8RONCNIOLAR CARCINOMA 
FOLLZCULAR-CELL CARCINOMA. WETAST, 

TRACHEA t t ~ t + t t t t t t t t t t t t t t t t t t t t  

t t N t t t t t t t t t t t t t t t t t t t t t t  
X 

X 

X 
t t ~ t t t t + t t + t t t t t t t t t t t t t t  

X 

t t ~ t t t t t t t t t t t t t t t t t t t t t t  , 
X 

t 

NASAL CAVITY 
SQUANOUS CELL CARCINOMA 

ETIC SYSTEN 
BONE NARROW 
SPLEEN 
ANGIOMA 

N N W N N N N N N N N N N N N N N N N N N N N N N  

t - A t t t t t t t - t t t + t t t t t t + t + +  

t t A + t t t t t t t t t t t t t t t t t t t t t  
x 

LEIOMYOSARCONA 

ADENOflATOUS POLYP, NOS 
LAROE INTESTINE 

URINARY SYSTEN 
KIDNEY 
URINARY BLADDER 

LYMPH NODES t t A t t t t t t t t + t t t t t t t t t t t t t  

t t A t - t t t t - t t t t t t - t t - - t t + t .  

+ t A + t t t t + t t t t t t t t t t t t t t t t  
X 

+ t ~ t t t t t t t + t t t t t t t t t t t t ~ ~  

+ t A t t t t t t t t t t t t t t t t t t t t t t  
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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) 

A N I M A L  
NUMBER 

WEEKS ON 
STUDY 

 CRIME SYSTEM 

6 6 6 6  6 6 6 6 6 6 6 6  

1 2 3 4 5 6  
0 1 1  1 1  1 1 0 1 ~  

J 6 5 0 8 3 1 4  3 4 3 1 3  3 

7 7 7 7  ? 8 8 8 8 8 8 8 [  

8 2 4 9 1 1 ' 1  2 4 3 ' 2  2 

P I  T U  I T  ARY 
C A R C I M O M A ~ N O S  
ADENOMA. NOS 

C O R T I C A L  ADENOMA 
PHEOCHROMOCYTOMA 

ADRENAL 

X X X X x x x  X x x  x 
+ + A t t t t t t + t t + + t + t + t + t + + + +  

x x  
X X 

.. 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCIMOt lA  
C-CELL ADENOMA 
C-CELL CARCINOMA 

P A R A T H Y R O I D  

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCIMOHA 

+ t A + + + t t t t + t t + t t + t + + + + + t + '  

X 

X X 

+ + A + 4 + + + + + 4 + + + + - 4 + + + + t + + +  

+I + + A + + t + t t + + + + + + t + + + + + 4 + 4  I X 

MAMUARY OLAMD 
CARCINOMA,NOS 
ADENOMA. NOS 
ADEMOCARCIMOML~ MOS 
P A P I L L A R Y  CYSTADENONAr MOS 
P A P I L L A R Y  CYSTADEMOCARCIMONA~MOS 
FIBROSARCOMA 
FIBROADENOMA 

P R E P U T I A L / C L I T O R A L  OLAMD 
CARCINOMA,NOS 
SQUAHOUS C E L L  CARCINOMA 
ADENOMA, NOS 

1 
REPRODUCTIVE SYSTEH I t 

t + M + + + + + t + + + + + + + + + t 4 + + + + t  

X 
X x x  X 

X 

X X x x  x x  X x x  X X X X X L .  

M M M N M M M N N M M M M H N N M N N N M M N M N  

+ x, 

ZYMBAL'S GLAND 
SQUAMOUS C E L L  CARCIMOMA 

R~EITOSKELETAL SYSTEM 

UTERUS + t A + + + + + + + t t + t + t t + t + + + t + +  
CARCIHOMA-IM-SITC,  NOS X 

CARCINOSARCOMA 

X 
CARCINOMA,NOS ENDOMETRIAL STROMAL POLY? l x  X X x x  

OVARY 

+ + M t + + + + + + t + + N t t + + M + + + + t t  
X 

+I B R A I N  + + A 4 + t + + + + t t + t t + t + t t t 4 + t  
CARCIMOMA, MOS. I M V A S I V E  
CARCINOWA.. MOS, M E T A S T A T I C  

BONE 
OSTEOSARCOMA 

ALL O l H E R  S Y S l E H S  

M M M M M M M M M M M M M N M M M N N M M M M M M ~  
X I 

1 i InvaaLvc 
~ARCINOMA, INVASIVE . 
I N V A S I V E  

L EL'KE' l I  A ,  HOtIOtIUCL EAR C E L L  t 
CHEEY NOS 

s o l l ~ r ' o u s  CELL c ARCINOM&. I N V A S I V E  

109 Chrysotile Asbestos, NTP TR 296 



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

A N I M A L  
NUMBER 

STUDY 
ON 

ARY SYSTEM 

S K I N  
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 
BASAL-CELL CARCINOMA 
KEP.ATOACANTHOMA 

6 6 6 6 6 6 6 6 6 6 6 b 6 7 1  
8 8 8 9 9 9 9 9 9 9 9 9 9 0 0  

1 1 1 1 1 1 1  
1 4  1 3 9 1 1 4  2 0 1 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

X < 
SUBCUTANEOUS T I S S U E  

SQUAMOUS C E L L  CARCINOMA, I N V A S I V E  
FIBROMA 
FIBROSARCOMA 
L I P O M L  
LIPOSARCOMA 

* * + + + + + + * + + + t * + + t + + t + + + + +  
X 

X 

LUNQS A N 0  BRONCHI  
SQUAMOUS C E L L  CARCINOM4. WTASTAT 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
F O L L I C U L A R - C E L L  CARCINOMA, METAST. 

t + + t + + + + + + + + + + + + + t + t + + + + +  

X r 

L I V E R  
N E O P L A S T I C  NOOULE 
MONOCYTIC L E U K E M I A  

TRACHEA 

NASAL C A V I T Y  
SQUAMOUS C E L L  CARCINOMA 

B I L E  DUCT + 4 * * + + + + 4 + + + t ) * * 4 * * + + + + +  

OALLBLAOOER L COMMON B I L E  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  

- 4  + + + + + + + + 4 + + + + + + + . +  + + + + + t + 
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 
AOENOCIRCINOPA. NOS 
ACIHAR-CELL ADENOMA 
ACINAR-CELL CARCINOMA 

BONE MARROU 

S P L E E N  

L Y P P H  NODES 

THYMUS 

HEART 

ANQIOPA 

CIRCULATORY SYSTEM 

SARCOPA, NOS 

ORAL C A V I T Y  

S A L I V A R Y  GLAND 

SQUAMOUS C E L L  CARCINOMA, I N V A S I V E .  

* - + + + + + + +  + + + + + + * + + + + + + + +  t + .  

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

~ + + * t + + t + + t + + * + + + + + + + + + + + * .  

t * - + + - - - - - * * - - + * + * + + + + + + + .  

+ + + + + + + * * + t + + * + + + + + t + t + + +  

N N N N N N N N N N N N N N N N N N N N N N N N M  

+ 4 + + + + + 4 4 4 - +  + + - 4  + + + + + + + + + + + 
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ESOPNAOUS 

STOMACH 

SMALL I N T E S T I N E  
LEIOPYOSARCOMA 

LARGE I N T E S T I N E  
AOENOMATOUS POLYP, NOS 

DRINARY S Y S ~  

K I D N E Y  

U R I N A R Y  BLADDER 
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* + ‘ + + + + + * + 4 + 4 + + + * + + + 4 + + + + + .  

. + + * + * t * + + + + + + + + + + + * + * * + + * .  

+ . t t  + + t ~ + ~ + + ~ t t ~ t + + t + ~ + + + ~  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

, +  t + + + + + + + + + + + + + + + 4 + 4 + + * +  + *  

+ + t + * * * + + + + + t + t t * + + + + t + t +  



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

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

b b b b b b b b b b b b b 7 7 7 7 7 7 7 7 7 7 7  
8 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 1  

0 1 2 3 * 5  8 9 0  
1 1 1 1 0 1 1 1 1  1 1 0 1  1 1 1  0 1 1 1 1 0  
1 4  1 1 3 9  1 4 1 0  1 1 1 9 2 4 2 3 ~ 9 9 ( 4 4 0 4 9 4 I  

6 b 6 9 5 3 0 4 5 1 5 5 3 5 0  

PITUITARY 
CARCINOMA.NOS 
AOENOWA, NOS , x x x  x x  x x  x x x x  x. 

t t t t t t t t t t t t t t t t t t t t t t t t t  

PAPILLARY CYSTADEHOMAo NOS 
PAPILLARY CYSTADENOCARCINOMA,NOS 
FIBROSARCOMA 
FIBROADENOMA 

ADRENAL 
CORTICAL ADENOMA 
PHEOCHROMOCYTOWA 

FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

THYROID t t t t t t t t t t t t t t t t t t t t t t t t t  

PARATHYROID 
t t t t * t t t + t t t t t t t t t t t t t t  

X X x x x  X x x x  

PANCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

PREPUTIAL/CLITORAL OLAND 
CARCINOPIA,NOS 
SQUAMOUS CELL CARCINONA 
ADENONA, NOS 

N N N N N N H N N N N N N N N N N N N N N N N N N  
X 

r 

BONE 
OSTEOSARCOMA 

hLL OTH-S 

WULTIPLE OROANS NOS 
CARCINOWA. NOS, INVASIVE 
SQUAMOUS CELL CARCINOMA. INVASIVE 
SARCOMA. NOS, INVASIVE 
SARCOMA, NOS. METASTATIC 
RALIO.LYMPHOMAe HISTIOCYTIC TYPE 
MONOCYTIC LEUKEMIA 
LEUKEMIA,NONONUCLEAR CELL 

CHEEK NOS 

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 N N N N N N N N N N N N N N N N N N N N N N N  

x x x  X x x  x -  
X 

UTERUS t t t t t t t t t t t t t t t t * t t t t + t t t  
CARCINOMA-IN-SITU, NOS 
CARCINOPIA,NOS X 
ENDOMETRIAL STROMAL POLYP 
CARCINOSARCOMA 

BRAIN t t t t t t t t t + t t t t + t t t t t t t t t t  
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOB: UNTREATED CONTROL (Contlnued) 

ANIMAL 7 7 7 7  
NUMBaR 

STUDY * 1 1 3 S 2 * ~ 3 1 1 1 1  

l I I I : l I I z P 2 ~ 2  
7 7 7 7 7 7 7 7  

TOTAL 

TUMORS 
'TISSUES 

S K I N  
SPUAMOUS CELL PAPILLOMA 
I W l M O U 8  CELL CARCINOMA 
BASAL-CELL CARCINOMA 
KERATDACANTNOMA 

SPUAMOUS CELL CARCINOflA, I N V A 8 I V E  
FIBROMA 
FIBROSARCOMA 
LI?OMA 
LX?OSARCOMA 

SUB CUT AHEOUS T I  S I U  E 

t t t t t t + t + + t t t  88* 
1 
I 
1 
2 .  

t + t t t t + t t t + + t  88M 
2 

X 1 
Z 
I 
I 

lUNOS AND BRONCHI 
SPUAMOUS CELL CARCINDRAr MIETASTAT 
ALVPOLAR/BRDNCNIOLAR CARCINOMA 
FOLLICULAR-CELL CARCINOMA, METAST. 

BONE MARROW 

SPLEEN 
ANGIOMA 

t t t t + t + t + + t t t  

1 
t ,, 

TRACHEA 

NASAL CAVITY 
SPUAflOUS CELL CARCINOMA 

t + t t t + t t * t t t t  87 . 
N N N N N N N N N N N N N  88M 

t t t t t t t t t t t t t  as . 
t t t t t t + t t t t t t  67 

1 

LYflPH NODES 

THYMUS 
CIRCULATORY SYSTEM 

SALIVARY GLAND 

L IVER 
NEOPLASTIC NODULE 
RONOCYTIC LEUKEf l IA 

t t t t t t + t + t t t t  6? .. 
t t t t t t t - t t - t t  67 . 

HEART 
SARCOMA, NOS 

DIGESTIVE SYSTEM 

t t t t t t t t t t t t t  87 
1 

PANCREAS 

ORAL CAVITY N N N N N N N N N N N N N  

. . . . . -. . .. - 
ADEHOCARCINOMA. NOS 
ACINAR-CELL ADENORA 
ACINAR-CELL CARCIHOMA 

66N 

t t t + t t t t t t t t t  
X I 

t t t t + t t t t t - t  t + .  
t t t t t t t t t t t t t  

I a 6 1  I 

I? . 
87 

3 

B I L E  DUCT 

GALLBLADDER 8 COMMON B I L E  DUCT 

t t t t t t t t t t t * t  a? . 
.W-.. 

. 
X 1 .  

t t t t t t t t t t + t t  a7 .. 
+ + + + + + + + + + + + +  a7 . 
t , t  t t t t t t t t t t t 87 
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,+-,r 

112 

t t + t t t t t t t t t t  LARGE INTESTINE 
ADENORATOUS POLYP, NOS 

URINARY SYSTEM 

67 
1 

KIDNEY 

URINARY BLADDER 

+ t t t t t t t t t t t t  a7 . 
t t t t t t t t t t t t t  87 

L 



I a i  U I  O I  J I  I I  3 1  3 1  
m D O C R I N E  SYSTEM I 

+ t + t + * t t + t + + +  UTERUS 
CARCINOMA-IN-SITU, NOS 
CARCINOMA,NOS 

X x x  ENDOMETRIAL STROMAL POLYP 
CARCINOSARCOMA 

THECOMA 
+ + + + t + * + + t + + t  

X 

OVARY 

PITUITARY 
CARCINOMA~NOS 
ADEMOMA, NOS 

B? 
1 
2 

15 
1 .  

2 
1 7  

ADR EN'A L 
CORTICAL AOENOMA 
PHEOCHROMOCYTOMA 

BRAIN 
CARCINOMA, NOS, INVASIVE 
CARCINOMA, NOS, PIETASTATIC 

OANS 
ZYMBAL'S OLAND 
SQUAMOUS CELL CARCINOPIA 

THYROID + + + + + + + + + + + + +  
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

PARATHYROID 
PANCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOPIA 

TADENOMA, NOS 
TADENOCARCINOMA,NOS 

PREPUTIALlCLITORAL OLAND 
CARCINOMA.NOS 
SQUAMOUS CELL CARCINOMA 
AOENOMA~ NOS 

t t + + + + t t + + + + +  11 
4 
1 

x x  

+ t + + + t t + t t + N +  a w  
1 

BONE 
OSTEOSARCOHA 

ALL 0-1 

88M 
1 

N N N N N N N N N N N N N  

MULTIPLE OROANS NOS 
CARCINOMA, NOS, INVASIVE 
SARCOMA, MO,, INVASIVE 
SARCOMA, NO,, PIETABTATIC 
MALIO.LYHPHOPIA, HISTIOCYTIC TYPE 
MONOCYTIC LEUKEMIA 

SauAMoua CELL CARCINOMA, INVASIVE 
N N N N M M N N N N N N N  8 8 i  

4 
I 
I 
1 

26 

. 

x x  , K  

1 

n 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 

X 
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) 

1NIIIAL 
IMU 

cxruirinv 
CARCIHONArNOS 
A O U O I U ,  NOS 
OANOLIONNRON 
NWIOCISROILRCOIU 

rrmozo 
COLLICULAW-CKU A O I M I I I I  
FOLLICULAR-CCLL CAWCINON 
C-CILL A O U O I U  
C-CILL CARCINON 
UICI I (OSARCONI IWLSIVC 

LRO NOS 

* * * * * * * * * * * * * * * * * e * * * * *  
X 

X x x  x X X X Y I  

X 
X X I) * * * * * * * * * * * * * * * * * e * * * * * * *  
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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) 

AIIXMAL 
N M C R  

Y C R I  an 
slum 

* ~ * * * b * b b b * * n * * * b * * b b b * b b  

r 

_. .. . __ . . . 
I 
I t 
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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) 

A N I m  
IWNQ 

Mm¶ W 
STUDI  

I 

X I . * . . b ~ * * * * * b e * b b b * * b b * * * *  

x x x x  x x x x  I x x  
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TABLE A4. INDIVIDUAL ANIMAL TUM 
STUDY OF SHORT-RANGE I 

1111WL 
MlllU 
Y R K S  II ¶Turn 

... I 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STV'DY OF SHORT-RANGE CHRYSOTILE ASBESTOS: SHORT-RANGE (Continued) 

AIIInAL 

Y I R ¶  011 
STUOT : 1 7 9 6 D S S I  

* * : * 7 7 7 7 1  
I I  1 1 1 ( 1 1  

wsa 

I 
. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X x x  x x x x x  x x x  x x  

v c 
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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) 

INXIUL 
MWIU - SIUW 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X x x  x x x  x x  X 

c 

n ~ ~ n n n n n n n ~ ~ ~ ~ ~ ~ n n n n n n n n n n n n ~  

a x  X n x  I I . b 
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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) 

I 
I t 
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TABLE A l .  INDIVIDUAL ANIMAL TUB 
STUDY OF SHORT-RANGE 

4MIHAL 

NICK¶ OR 
lTUOY 

s u m a  

¶ U l N I A R I O U ¶  TI lSUR 
? I I R W A  
~IIRO¶ARto(u 
LICOIIA 
O I T C O S A R C M A  
I ( N R O C I 1 R M A  

W A R T  
C-CSLL CARCIRWU. M A l T A T I C  

ORAL C A V I T Y  
I * U M U ¶  cnr CLC1LLOII1 
I ( U A l W ¶  CELL CARCIMOIIA 

¶ @ U u I w ¶  CELL C A R C I W M .  IWASIV  
SALIVARY OLARO 

Chrysotile Asbestos, NTP TR 295 

IR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
HRYSOTILE ASBESTOS: SHORT-RANGE (Continued) 

X 

124 



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

nmOID 
WLLIWLAR-CCLL ADOIOIU 
?OLLIWLAR-CILL CARCIWDlu 
C-CILL A D U O I U  
C-CCLL CARCIMQU 
CIRcImsARCmA, lWAIIV111 

? b U U T I C  ISLETS 

X 

I/ 

X I 

X I * * * * * * * * * b * ~ * C * b * * + * * * * * *  

X x x x x x  x x  1 X X X  X R 
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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) 

I : : : : - * * * * + * * * * *  * 
* e . . . * * * * * * * * * + *  

* * * * * * *  
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TABLE A4. INDIVIDUAL ANIMAL TU1 
STUDY OF SHORT-RANGE 

A I I I A L  
W11 

IlUW 
l l lusm 

)R PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
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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T U  

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

U A I W  
CARCIWDIIA. W011 I N V A l I V I  
*¶TRocYlonA 
wu111o:m 

I 

Y X 

X I x x  x x  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

x x x x  X X I  x x  x x x 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) 

SUDCUTANIOUS T I S S U I  
CIDRE?IA 
CIDROSARCOIU 
LIPOMA 
OSTCOSARCOMA 
W M O C I D R O I I A  

D 1 1 1  DUCT 

MLLDLAOOP I D l 1 1  Doc? 

nv*Aus 

. -. 
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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) 

P A K R I A T I C  !SLITS 

I 

x x  
X 

X X x x x x  x x 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) 

N U R T  * * * * c * * * * * * Z W ,  
C-CELL WRCIWOUI RtTASTAlIC 

I 

J * * * *  + *  * * * * *  * e * * * * * *  ri 2.. nomreus 
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ANIMAL 
M U I I I I R  

Y l n ¶  OM slum 

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

YAOIWA 
S W m S  CELL C b C I l l W A  

I 

+ * * + + * + * * + * * * C + * * * * * * * * * +  2 u  
x X I S  

x x x  x X X x x  x 0 1  

1 

* + * * + + + * ~ * * + + C * * + + + b * ~  * * *  2*1 
X 

X X X J? 

+ * - - ,  + e 4 + + + - t + +I  2 2 2 . 1  

X I  x x  x x  x x x x  x 
I I Y M * M M M I Y M M M * * M M Y W Y M M I I M  U6. 

I 
X . 7 

+ + .  + * + + c . . + 245, 

* M n Y ~ * * Y * M I * n M M * * M M ~ ~ M n I I  ?so. 

i 
X X X J* 

J 2 
X 

W M M M I I Y I M M M I M W W W M I I I M M M M II z m (  

X x x x x x x  x .i i 
r 
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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 B1. SUMMARY OF T H E  INCIDENCE OF NEOPLASMS IN MALE RATS I N T H E  LIFETIME F E E D  
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS 

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

~~ 

ANIMALS INITIALLY IN STUDY 88 126 260 176 100 
ANIMALS NECROPSIED 88 126 260 176 100 
ANIMALS EXAMINED 

HISTOPATHOLOGICALLY 86 126 260 176 100 

INTEGUMENTARY SYSTEM 
(260) (176) (100) *HEAD (88) 

FIBROUS HISTIOCYTOMA, 
MALIGNANT 1 (1%) 

(100) 'AXILLA (88) 

*SKIN (88) 

FIBROUS HISTIOCYTOMA, 

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 

CARCINOMA, NOS 
SQUAMOUS CELL CARCINOMA 3 (3%) 
BASAL-CELL TUMOR 1 (1%) 
BASAL-CELL CARCINOMA 
TRICHOEPITHELIOMA 
KERATOACANTHOMA 
SARCOMA, NOS 1 (1%) 
FIBROMA 17 (19%) 
FIBROSARCOMA 7 (8%) 
FIBROUS HISTIOCYTOMA, 

LIPOMA 
RHABDOMYOSARCOMA 
OSTEOSARCOMA 
AMELOBLASTIC OD0 NTO MA 
NEUROFIBROMA 
NEUROFIBROSARCOMA 

MALIGNANT 

+SUBCUT TISSUE (88) 

MALIGNANT 

(126) (260) (176) 

1 (1%) 
(175) (126) (260) 

8 (3%) 
3 (1%) 
2 (1%) 
1 (0%) 

2 (1%) 
1 (0%) 

719 (8%) 

1 (0%) 

(100) 

2 (2%) 
2 (2%) 

4 (2%) 
3 (2%) 
2 (1%) 
1 (1%) 

1 (1%) 

11 (6%) 

3 (3%) 
1 (1%) 

4 (3%) 

7 (7%) 
1 (1%) 

6 (5%) 

1 (1%) 
(175) 

1 (1%) 

(125) 

1 (1%) 

(250) 
1 (0%) 
1 (0%) 

(100) 

2 (2%) 

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

2 (2%) 
13 (10%) 
3 (2%) 

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

11 (11%) 
1 (1%) 

3 (1%) 
51 (20%) 
5 (2%) 

2 (1%) 
15 (9%) 
2 (1%) 

2 (1%) 
1 (0%) 

2 (1%) 

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

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

1 (1%) 
1 11%) 

1 (0%) 
-~ ~ 

RESPIRATORY SYSTEM 

ADENOMA, NOS 

SQUAMOUS CELL CARCINOMA, 

ADENOMA, NOS 
ADENOCARCINOMA, NOS 

SQUAMOUS CELL CARCINOMA, 

FIBROSARCOMA, INVASIVE 1 (1%) 

'NASAL CAVITY (88) 

*NASAL TURBINATE (88) 

INVASIVE 

#TRACHEA (85) 

INVASIVE 

(125) (250) (175) (100) 

(125) (250) (175) (100) 
1 (1%) 

1 (1%) 

1 (1%) 
1 (1%) 

(124) (250) (175) (99) 

1 (1%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS INTHE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

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

RESPIRATORY SYSTEM (Continued) 
#LUNG (85) (125) 

CARCINOMA, NOS, METASTATIC 
SQUAMOUS CELL CARCINOMA 1 (1%) 
SQUAMOUS CELL CARCINOMA, 

ADENOCARCINOMA, NOS, 

HEPATOCELLULAR CARCINOMA, 

ALVEOLAR/BRONCHIOLAR 

ALVEOLAR/BRONCHIOLAR 

METASTATIC 

METASTATIC 1 (1%) 

METASTATIC 

ADENOMA 1 (1%) 

CARCINOMA 2 (2%) 

METASTATIC 1 (1%) 1 (1%) 

METASTATIC 1 (1%) 

C-CELL CARCINOMA, 

PHEOCHROMOCYTOMA, 

SARCOMA, NOS, METASTATIC 
FIBROSARCOMA, METASTATIC 1 (1%) 
FIBROUS HISTIOCYTOMA, 

LIPOSARCOMA, METASTATIC 
MIXED TUMOR, METASTATIC 
CARCINOSARCOMA, METASTATIC 
MESOTHELIOMA, NOS 
OSTEOSARCOMA, METASTATIC 1 (1%) 
MENINGIOMA, METASTATIC 

METASTATIC 

(250) (175) (99) 
1 (1%) 

1 (1%) 

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

2 (1%) 

1 (1%) 

4 (2%) 1 (1%) 

1 (0%) 

4 (2%) 

1 (0%) 
2 (1%) 

1 (0%) 
1 (0%) 

1 (1%) 
1 (1%) 

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

HEMATOPOIETIC SYSTEM 
'MULTIPLE ORGANS (88) 

MALIG.LYMPHOMA, HISTIO- 
CYTIC TYPE 1 (1%) 

MYELOMONOCYTIC LEUKEMIA 
MONOCYTIC LEUKEMIA 28 (32%) 
LEUKEMIA, 

MONONUCLEAR CELL 3 (3%) 
#SPLEEN (85) 

INTERSTITIAL-CELL TUMOR, 
METASTATIC 

SARCOMA, NOS 

CYTIC TYPE 
MALIG.LYMPHOMA, HISTIO- 

MONOCYTIC LEUKEMIA 

CARCINOMA, NOS, INVASIVE 
SQUAMOUS CELL CARCINOMA, 

METASTATIC 
SARCOMA, NOS 
SARCOMA, NOS, INVASIVE 

#CERVICAL LYMPH NODE (85) 
CARCINOMA, NOS, METASTATIC 
C-CELL CARCINOMA, 

SARCOMA, NOS, INVASIVE 

#MANDIBULAR L. NODE (85) 

METASTATIC 

(125) 

2 (2%) 

40 (32%) 

2 (2%) 
(125) 

1 (1%) 

(125) 

1 (1%) 
1 (1%) 

(125) 
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(250) (175) (100) 

1 (0%) 2 (1%) 3 (3%) 
3 (1%) 2 (1%) 

90 (36%) 65 (37%) 36 (36%) 

1 (0%) 2 (1%) 
(250) (175) (99) 

1 (0%) 
1 (0%) 

2 (1%) 2 (1%) 

1 (1%) 
(250) (175) (100) 

1 (0%) 
(250) (175) (100) 

1 (1%) 

1 (1%) 
1 (0%) 
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TABLE B1. SUMMARY OF THE INCIDENCE O F  NEOPLASMS I N  MALE R A T S  I N T H E  LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Cont inued)  

CONTROL 
(UNTR) DMH I R  I R  t DMH IRlPW 

HEMATOPOIETIC SYSTEM (Continued) 
#MEDIASTINAL L. NODE (85) 

SQUAMOUS CELL CARCINOMA, 

SARCOMA, NOS, METASTATIC 
FIBROUS HISTIOCYTOMA, 

METASTATIC 

METASTATIC 
#MESENTERIC L. NODE (85) 

MUCINOUS CYSTADENO- 
CARCINOMA, METASTATIC 

#ILEOCOLIC LYMPH NODE (85) 
MUCINOUS CYSTADENO- 

CARCINOMA, METASTATIC 

METASTATIC 
SIGNET RING CARCINOMA, 

#LIVER (85) 
MALIG.LYMPHOMA, HISTIO- 

CYTIC TYPE 
MONOCYTIC LEUKEMIA 

(125) (250) (175) 

1 (0%) 
1 (1%) 

1 (0%) 
(125) (250) (175) 

3 (2%) 

1 (1%) 4 (2%) 

1 (1%) 

(125) (250) (175) 

(125) (250) (175) 

1 (1%) 

(100) 

(100) 

(100) 

(100) 

1 (1%) 

CIRCULATORY SYSTEM 
#SPLEEN 

#LUNG 
HEMANGIOSARCOMA 

HEMANGIOSARCOMA, 
METASTATIC 

#HEART 
ADENOCARCINOMA, NOS, 

METASTATIC 
#LIVER 

#ASCENDING COLON 
HEMANGIOSARCOMA 

HEMANGIOSARCOMA 

(85) (125) (250) (175) (99) 

(85) (125) (250) (175) (99 

(85) (125) (250) (175) (99) 

(85) (125) ( 250 ) (175) (100) 

3 (1%) 

1 (1%) 

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

2 (2%) 
(85) (125) (250) (175) (100) 

1 (1%) 

DIGESTIVE SYSTEM 
*MOUTH/ORAL CAVITY (88) 

*HARD PALATE (88) 
SQUAMOUS CELL CA X I N O M A  

SQUAMOUS CELL PAPILLOMA 
KERATOACANTHOMA 

SQUAMOUS CELL PAPILLOMA 

CARCINOMA, NOS 
SARCOMA, NOS 
FIBROSARCOMA 3 (4%) 
FIBROSARCOMA, INVASIVE I (1%) 

*TONGUE (88) 

#SALIVARY GLAND (84) 

#PAROTID GLAND (84) 

#LIVER (85) 
SARCOMA, NOS 

NEOPLASTIC NODULE 6 (7%) 
HEPATOCELLULAR CARCINOMA 2 (2%) 
FIBROSARCOMA, METASTATIC 
FIBROUS HISTIOCYTOMA, 

METASTATIC 
LIPOMA 
LIPOSARCOMA 
LIPOSARCOMA. METASTATIC 

Chrysotile Asbestos, NTP TR 295 

(125) 

(125) 

(125) 

(124) 

5 (4%) 

(124) 

(125) 
1 (1%) 

12 (10%) 
17 (14%) 
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(250) 

(250) 
1 (0%) 

1 (0%) 

1 (0%) 
(250) 

(247) 

3 (1%) 
2 (1%) 
1 (0%) 

(247) 

(250) 
13 (5%) 
7 (3%) 

1 (0%) 

(175) 

(175) 

(175) 

(173) 
1 (1%) 

2 (1%) 
1 (1%) 

(173) 

(175) 
10 (6%) 
20 (11%) 

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

(100) 

(100) 
1 (1%) 

(100) 

(98) 

(98) 

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



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

CONTROL 
(UNTR) DMH IR IR + DMH IRlPW 

DIGESTIVE SYSTEM (Continued) 
#PANCREAS (85) 

ACINAR-CELL ADENOMA 3 (4%) 
ACINAR-CELL CARCINOMA 1 (1%) 
MESOTHELIOMA, METASTATIC 

ADENOCARCINOMA, NOS 

FIBROSARCOMA 

ADENOCARCINOMA, NOS 

MESOTHELIOMA, METASTATIC 

LEIOMYOSARCOMA 

ADENOCARCINOMA, NOS 
ADENOMATOUS POLYP, NOS 

#PANCREATIC DUCT (85) 

#ESOPHAGUS (83) 

#STOMACH (85) 

#GASTRIC SEROSA (85) 

#SMALL INTESTINE (85) 

#DUODENUM (85) 

MUCINOUS CYSTADENO- 
CARCINOMA 

SIGNET RING CARCINOMA 
LEIOMYOMA 

ADENOCARCINOMA, NOS 
#JEJUNUM (85) 

MUCINOUS CYSTADENO- 
CARCINOMA 

LEIOMYOSARCOMA 

LEIOMYOMA 1 (1%) 

MESOTHELIOMA, METASTATIC 

ADENOCARCINOMA, NOS 
ADENOMATOUS POLYP, NOS 

#ILEUM (85) 

#COLONIC SEROSA (85) 

#CECUM (85) 

MUCINOUS CYSTADENO- 
CARCINOMA 

METASTATIC 
MUCINOUS CYSTADENOCA, 

#ASCENDING COLON (85) 
ADENOCARCINOMA, NOS 
ADENOMATOUS POLYP, NOS 
ADENOCARCINOMA IN 

MUCINOUS CYSTADENO- 

MUCINOUS CYSTADE NO- 

ADENOMATOUS POLYP 

CARCINOMA 

CRCINOMA, METASTATIC 
SIGNET RING CARCINOMA 

ADENOCARCINOMA, NOS 
ADENOMATOUS POLYP, NOS 
LEIOMYOSARCOMA 

ADENOMATOUS POLYP, NOS 
ADENOCARCINOMA IN 

#TRANSVERSE COLON (85) 

#DESCENDING COLON (85) 

ADENOMATOUS POLYP 

CARCINOMA 
MUCINOUS CYSTADENO- 

SIGNET RING CARCINOMA 

(124) 
7 (6%) 

(124) 

(125) 

(124) 

(124) 

(125) 

(125) 

1 (1%) 

(125) 

(125) 

(125) 

(125) 
1 (1%) 

4 (3%) 

(1251 

3 (2%) 

3 (2%) 

1 (1%) 
1 (1%) 

1 (1%) 
4 (3%) 

(125) 

(125) 
24 (19%) 

(249) 
23 (9%) 
2 (1%) 

(249) 

(250) 

(250) 

(250) 

(250) 

(250) 

1 (0%) 

1 (0%) 

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

(250) 

2 (1%) 
(250) 

(250) 

(250) 

(250) 

2 (1%) 

(250) 

(250) 
7 (3%) 

(174) 
14 (8%) 

(174) 

(174) 

(175) 

(175) 

(175) 

(175) 
1 (1%) 

1 (1%) 
1 (1%) 

(175) 
1 (1%) 

1 (1%) 

(175) 

(175) 

(175) 
1 (1%) 

1 (1%) 

4 (2%) 

1 (1%) 

1 (1%) 
3 (2%) 

1 (1%) 

11 (6%) 

(175) 

(175) 

6 (3%) 

(175) 
37 (21%) 

2 (1%) 

4 (2%) 
1 (1%) 

(99) 
9 (9%) 

1 (1%) 
(99) 

(98) 

(100) 

(100) 

(LOO) 

(100) 

1 (1%) 

1 (1%) 

1 (1%) 

(100) 

(100) 

(100) 

(100) 

1 (1%) 

(100) 

(100) 

1 (1%) 

2 (2%) 
(100) 
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TABLE B1. SUMMARY O F  T H E  INCIDENCE O F  NEOPLASMS I N  MALE R A T S  I N T H E  LIFETIME F E E D  
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH IR/PW 

DIGESTIVE SYSTEM (Continued) 
*ANUS (88) (125) (250) (175) (100) 

ADENOMATOUS POLYP, NOS 1 (1%) 

URINARY SYSTEM 
#KIDNEY (85) 

TUBULAR-CELL ADENO- 
CARCINOMA 

TUBULAR ADENOCARCINOMA 
LIPOMA 
LIPOSARCOMA, INVASIVE 
MIXED TUMOR, MALIGNANT 

MIXED TUMOR. MALIGNANT 

MIXED TUMOR, MALIGNANT 

PAPILLOMA, NOS 
TRANSITIONAL-CELL PAPILLOMA 
TRANSITIONAL-CELL CARCINOMA 

#RIGHT KIDNEY (85) 

*RIGHT URETER (88 )  

#URINARY BLADDER (84) 

(125) 

1 (1%) 

(1251 

(1251 

(124) 

1 ( 1 % )  

1 (1%) 

1 (1%) 
1 (1%) 

(250) (175) (100) 

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

(250) (175) (100) 

(2501 (175) (100) 

(249) (174) (98) 

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

ENDOCRINE SYSTEM 
#PITUITARY (85) 

CARCINOMA, NOS 4 (5%) 
ADENOMA, NOS 14 (16%) 

CORTICAL ADENOMA 
CORTICAL CARCINOMA 2 (2%) 
PHEOCHROMOCYTOMA 14 (16%) 
PHEOCHROMOCYTOMA, 

MALIGNANT 1 (1%) 

PHEOCHROMOCYTOMA 2 (2%) 
PHEOCHROMOCYTOMA, 

#ADRENAL (85) 

#ADRENAL MEDULLA (85) 

MALIGNANT 
#THYROID (84) 

FOLLICULAR-CELL ADENOMA 1 (1%) 
FOLLICULAR-CELL CARCINOMA 5 (6%) 
C-CELL ADENOMA 13 (15%) 
C-CELL CARCINOMA 19 (23%) 
SARCOMA, NOS, INVASIVE 
FIBROSARCOMA, INVASIVE 1 (1%) 

ADENOMA, NOS 3 (4%) 
#PARATHYROID (78) 

C-CELLCARCINOMA, INVASIVE 1 (1%) 

ISLET-CELL ADENOMA 5 (6%) 
ISLET-CELL CARCINOMA 3 (4%) 

#PANCREATIC ISLETS ( 8 5 )  

(1 24) 
3 (2%) 

12 (10%) 
(125) 

20 (16%) 

(125) 

(124) 
1 (1%) 
8 (6%) 

11 (9%) 
15 (12%) 

1119) 
1 (1%) 

(124) 
1 (181 
6 (5%) 

(246) 
3 (1%) 

49 (20%) 

4 (2%) 

57 (23%) 

(250) 

4 (2%) 

2 (1%) 

1 (0%) 

12 (5%) 
13 (5%) 
29 (12%) 
38 (15%) 

1 (0%) 

( 250 ) 

(250) 

( 2 4 3 )  
1 I") 
1 (0%) 

6 (2%) 
17 (7%) 

(2491 

(175) 
1 (1%) 

16 (9%) 

1 (1%) 

31 (18%) 

(175) 

(175) 
3 (2%) 

(175) 
14 (8%) 
14 (8%) 
18 (10%) 
21 (12%) 

(166) 

(174) 
5 (3%) 
4 (2%) 

(100) 
1 (1%) 

18 (18%) 

1 (1%) 

30 (30%) 

(100) 

(100) 
2 (2%) 

(99) 
3 (3%) 
2 (2%) 
9 (9%) 

23 (23%) 

(93) 

(99) 
5 (5%) 
6 (6%) 

REPRODUCTIVE SYSTEM 

ADENOMA, NOS 
ADENOCARCINOMA, NOS 
FIBROMA 
FIBROUS HISTIOCYTOMA, 

CARCINOSARCOMA 
FIBROADENOMA 

*MAMMARY GLAND 

INVASIVE 

Chrysotile Asbestos, NTP TR 295 

(88) (125) 1250) (175) (100) 
1 (1%) 3 (2%) 6 (2%) 1 (1%) 

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

1 (1%) 

3 (3%1 1 (1%) 16 (6%) 4 (2%) 
1 (0%) 

140 

7 (7%) 



TABLE B1. SUMMARY OF THE INCIDENCE OF N E O P L A S M S  I N  MALE R A T S  I N T H E  LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Cont inued)  

CONTROL 
IRtPW (UNTR) D M H  I R  I R  t DMH 

REPRODUCTIVE SYSTEM (Continued) 
*PREPUCE (88) 

*PREPUTIAL GLAND (88) 
SQUAMOUS CELL CARCINOMA 

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

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

SQUAMOUS CELL CARCINOMA, 

#PROSTATE (85) 

*SEMINAL VESICLE (88) 

INVASIVE 
#TESTIS (84) 

INTERSTITIAL-CELL TUMOR 79 (94%) 
INTERSTITIAL-CELL TUMOR, 

MALIGNANT 

LIPOSARCOMA 
MESOTHELIOMA, NOS 

FIB R 0  MA 
MESOTHELIOMA, MALIGNANT 
MESOTHELIOMA, METASTATIC 

*EPIDIDYMIS (88) 

*SCROTUM (88) 

NERVOUS SYSTEM 
#CEREBRUM (85) 

CARCINOMA, NOS, INVASIVE 
ASTROCYTOMA 1 (1%) 

CARCINOMA, NOS, INVASIVE 2 (2%) 
OSTEOMA 

#BRAIN (85) 

GRANULAR-CELL TUMOR, NOS 
ASTROCYTOMA 
MENINGIOMA 

#CEREBELLUM (85) 

*SPINAL CORD (88) 

*PARA AORTIC BODY (88) 

GRANULAR-CELL TUMOR, NOS 

NEURILEMOMA, MALIGNANT 

PARAGANGLIOMA, NOS 

(125) ( 250 1 

(125) ( 250 
1 (0%) 

6 (5%) 10 (4%)  
1 (1%) 1 (0%) 

(125) (249) 
2 (1%) 

1 (1%) 3 (1%) 

(125) (250) 

(125) (250) 
112 (90%) 237 (95%) 

1 (1%) 1 (0%) 

1 (0%) 
(125) (250) 

(125) (250) 
1 (1%) 

1 (1%) 
2 (1%) 

(125) (250) 
1 (1%) 

1 ( 0 % )  

1 (0%) 
(125) (250) 

2 (1%) 
1 (0%) 

(125) (250) 

(125) (250) 

(125) (250) 
1 (1%) 

2 (1%) 

(175) 

(175) 
9 (5%) 
1 (1%) 

(174) 

2 (1%) 

(175) 

(175) 
160 (91%) 

(175) 

1 (1%) 
(175) 

(100) 

(100) 
3 (3%) 

(99) 

1 (1%) 

(100) 

(175) 

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

(175) 

(175) 

(175) 

(100) 

(100) 
1 (1%) 

1 (1%) 

(100, 

(100) 

(100) 

1 (1%) 

SPECIAL SENSE ORGANS 
*EYE (88) 

ADENOCARCINOMA, NOS, 

SARCOMA, NOS 

MALIGNANT MELANOMA 

SARCOMA, NOS, INVASIVE 

FIBROSARCOMA 

INVASIVE 

*EYEflRIS (88) 

*HARDERIAN GLAND (88) 

*EAR (88) 

(125) ('250) (175) (100) 
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TABLE B1. SUMMARY O F  T H E  INCIDENCE OF NEOPLASMS I N  MALE R A T S  I N T H E  LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) D M H  I R  I R  t D M H  IWPW 

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 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

OSTEOSARCOMA 

OSTEOSARCOMA 

SARCOMA, NOS 
OSTEOSARCOMA 

OSTEOSARCOMA 

RHABDOMYOSARCOMA 

*VERTEBRA 

*STERNUM 

*RIB 

*INTERCHONDRAL JOINT 

*MUSCLE OF LEG 

(88) (125) (250) 
1 (0%) 

(125) (250) 

(175) (100) 

(175) (100) 
2 (2%) 

(125) (250) 

(125) (250) 

(175) (100) 

(175) (100) 

(175) (100) 

(175) (100) 

1 (1%) 

1 (1%) 

1 (1%) 

1 (0%) 

1 (0%) 
(125, (250) 

(125) (250) 

~~~ 

BODY CAVITIES 
*THORACIC CAVITY 

*MEDIASTINUM 
SQUAMOUS CELL CARCINOMA 

ADENOCARCINOMA, NOS, 
METASTATIC 

MESOTHELIOMA, NOS 
*ABDOMINAL CAVITY 

LIPOSARCOMA 
OSTEOSARCOMA 
CHONDROMA 

MESOTHELIOMA, INVASIVE 

ADENOCARCINOMA, NOS, 

*PERITONEUM 

*PLEURA 

METASTATIC 
*MESENTERY 

MUCINOUS CYSTADENOCA, 
METASTATIC 

SARCOMA, NOS 
FIBROSARCOMA 
LIPOMA 
MESOTHELIOMA, INVASIVE 

MESOTHELIOMA, NOS 
*TUNICA VAGINALIS 

(88) 

(88) 

(125) 

(125) 

(250) 

(250) 
1 (0%) 

1 (0%) 
1 (0%) 

1 (0%) 
(250) 

(175) 

(175) 

(100) 

(100) 

(125) (175) (100) (88) 

1 (1%) 
1 (1%) 

(100) 

(100) 

(125) 

(125) 

(250) 

(250) 

(175) 

(175) 

(100) (88) (1251 

1 (1%) 

(175) 

1 (1%) 

1 (0%) 
1 (0%) 

1 (0%) 
(250) 

1 (1%) 

2 (2%) 
(88) (125) 

1 (1%) 
(175) 

3 (2%) 
(100) 

1 (1%) 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS (88) (125) (250) (175) (100) 

ADENOCARCINOMA, NOS, 

ADENOCARCINOMA, NOS, 
INVASIVE 1 (1%) 

METASTATIC 1 (1%) 2 (1%) 

METASTATIC 1 (1%) 
C-CELL CARCINOMA, 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS I N T H E  LIFETIME F E E D  
STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS (Continued) (88) (125) 

MUCINOUS CYSTADENOCA, 

SIGNET RING CARCINOMA, 

SARCOMA, NOS, INVASIVE 1 (1%) 
FIBROSARCOMA, INVASIVE 
FIBROSARCOMA, METASTATIC 
FIBROUS HISTIOCYTOMA, METASTATIC 
CARCINOSARCOMA, METASTATIC 
MESOTHELIOMA, MALIGNANT 2 (2%) 5 (4%) 
MESOTHELIOMA, MALIGNANT 
MESOTHELIOMA, INVASIVE 1 (1%) 
MESOTHELIOMA, METASTATIC 4 (3%) 
OSTEOSARCOMA, METASTATIC 1 (1%) 

HEAD 
SARCOMA, NOS 

ORBITAL REGION 
OSTEOSARCOMA 

BACK 
RHABDOMYOSARCOMA 

LUMBAR REGION 
CHONDROSARCOMA 

COCCYGEAL REGION 
NEUROFIBROSARCOMA 

BASE OF TAIL 
RHABDOMYOSARCOMA 1 

AXILLA 
FIB R 0  MA 

LOWER LEG 
OSTEOSARCOMA 

ADIPOSE TISSUE 

METASTATIC 3 (2%) 

METASTATI 

MUCINOUS CYSTADENO- 
CARC I N 0  MA, METASTATIC 

MALIGNANT 
MIXED MESENCHYMAL TUMOR, 

MESOTHELIOMA, METASTATIC 

(250) 

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

13 (5%) 
1 (0%) 

13 (5%) 
2 (1%) 

1 

1 

1 

I R  t DMH IR/PW 

(175) (100) 

3 (2%) 

2 (1%) 
1 (1%) 

1 (1%) 

4 (2%) 5 (5%) 

3 (2%) 4 (4%) 
3 (3%) 

1 

1 

1 

1 

1 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 88 125 250 175 100 

NATURAL DEATH 21 21 29 25 16 
MORIBUND SACRIFICE 60 86 191 134 73 
TERMINAL SACRIFICE 7 18 29 16 11 
ACCIDENTALLY KILLED, NDA 1 

143 Chrysotile Asbestos, NTP TR 295 



TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS INTHE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

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

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY 
TUMORS** 85 

TOTAL PRIMARY TUMORS 272 
TOTAL ANIMALS WITH BENIGN 
TUMORS 80 

TOTAL BENIGN TUMORS 164 
TOTAL ANIMALS WITH MALIGNANT 
TUMORS 65 

TOTAL MALIGNANT TUMORS 99 
TOTAL ANIMALS WITH SECONDARY 
TUMORS## 13 

TOTAL SECONDARY TUMORS 15 
TOTAL ANIMALS WITH TUMORS 
UNCERTAIN--BENIGN OR MALIGNANT 9 

TOTAL UNCERTAIN TUMORS 9 

122 
411 

117 
236 

98 
162 

19 
20 

12 
13 

246 
857 

242 
555 

192 
284 

39 
47 

17 
18 

173 
603 

163 
361 

145 
227 

31 
42 

13 
15 

95 
320 

91 
205 

77 
108 

13 
14 

7 
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 
t MULTIPLE OCCURRENCE OF MORPHOLOGY IN THE SAME ORGAN. TISSUE IS ONLY 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 
(WNTR) DMH IR IR t DMH IRlPW 

ANIMALS INITIALLY IN STUDY 88 125 250 175 100 
ANIMALS NECROPSIED 88 125 250 175 100 

LOGICALLY 87 125 250 175 100 
ANIMALS EXAMINED HISTOPATHO- 

INTEGUMENTARY SYSTEM 
*SKIN 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
BASAL-CELL TUMOR 

KERATOACANTHOMA 

CARCINOMA, NOS 
SQUAMOUS CELL CARCINOMA 
KERATOACANTHOMA 
SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 
FIBROUS HISTIOCYTOMA, 

MALIGNANT 
LIPOMA 

BASAL-CELL CARCINOMA 

*SUBCUT TISSUE 

(88) 
3 (3%) 

1 (1%) 
(88) 

1 (1%) 

1 (1%) 
5 (6%) 
1 (1%) 

2 (2%) 

(125) 

1 (1%) 

(125) 

2 (2%) 
1 (1%) 

(250) 
5 (2%) 
1 (0%) 

2 (1%) 
1 (0%) 

(250) 

3 (1%) 

9 (4%) 
4 (2%) 

1 (0%) 

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

1 (1%) 
(175) (100) 

1 (1%) 
1 (1%) 

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

RESPIRATORY SYSTEM 
*NOSE (88) (125) (250) (1751 (100) 

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

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

FOLLICULAR-CELL CARCINOMA, 

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

ADENOCARCINOMA, NOS, 

ALVEOLAR43 RONCHIOLAR 

ALVEOLAWRONCHIOLAR 

PAPILLARY ADENOCARCINOMA, 

METASTATIC 1 (0%) 1 (1%) 

METASTATIC 2 (1%) 

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

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

METASTATIC 1 (1%) 
FOLLICULAR-CELL CARCINOMA, 

1 (0%) 
1 (1%) 

METASTATIC 
C-CELL CARCINOMA, METASTATIC 4 (2%) 

SARCOMA, NOS, METASTATIC 1 (1%) 

METASTATIC 1 (1%) 
LIPOSARCOMA, METASTATIC 1 (1%) 
MIXED TUMOR, METASTATIC 5 (3%) 

METASTATIC 2 ( 2 % )  1 (1%) 2 (2%) 
PHEOCHROMOCYTOMA, 

FIBROUS HISTIOCYTOMA, 
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TABLE B2. SUMMARY O F  T H E  INCIDENCE O F  NEOPLASMS I N  FEMALE RATS IN T H E  LIFETIME 
F E E D  STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH IRIPW 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (88) 

MALIG. LYMPHOMA, 

MYELOMONOCYTIC LEUKEMIA 
MONOCYTIC LEUKEMIA 33 (38%) 
LEUKEMIA, MONONUCLEARCELL 1 (1%) 

SQUAMOUS CELL CARCINOMA, 

UNDIFFER-TYPE 

#MANDIBULAR L. NODE (87) 

METASTA 
#CERVICAL LYMPH NODE (87) 

FOLLICULAR-CELL CARCINOMA, 

C-CELL CARCINOMA, METASTATIC 

C-CELL CARCINOMA, METASTATIC 
MUCINOUS CYSTADENO- 

METAS 

#MEDIASTINAL L. NODE (87) 

CARCINOMA, METASTATIC 
#CELIAC LYMPH NODE (87) 

MUCINOUS CYSTADENO- 
CARCINOMA, METASTATIC 

METASTATIC 
SIGNET RING CARCINOMA, 

#MESENTERIC L. NODE (87) 
ADENOCARCINOMA, NOS, 

MALIG.LYMPHOMA, HISTIOCYTIC 
METASTATIC 

TYPE 
#ILEOCOLIC LYMPH NODE (87) 

MUCINOUS CYSTADENO- 
CARCINOMA, METASTATIC 

#AXILLARY LYMPH NODE (87) 
ADENOCARCINOMA, NOS, 

METASTATIC 
#LIVER (87) 

MALIG.LYMPHOMA, HISTIOCYTIC 
TYPE 

CIRCULATORY SYSTEM 
#SPLEEN (871 

#LUNG (871 
HEMANGIOSARCOMA 1 (1%) 

HEMANGIOSARCOMA, 
METASTATIC 

#HEART (87) 
ADENOCARCINOMA, NOS, 

METASTATIC 
MIXED TUMOR, METASTATIC 
NEURILEMOMA 

PHEOCHROMOCYTOMA, 
#MYOCARDIUM (87) 

METASTATIC 
#LIVER (87) 

#PERIPANCREATIC TISSUE (87) 
HEMANGIOSARCOMA 

HEMANGIOSARCOMA 1 (1%) 

(250) (175) (100) 

66 (53%) 
4 (3%) 

(125) 

(125) 

(1251 
1 (1%) 

(125) 

(125) 

(125) 

3 (2%) 
(1251 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(1241 

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

76 (30%) 88 (50%) 26 (26%) 
4 (2%) 4 (2%) 3 (3%) 

3 (1%) 

1 (0%) 
2 (1%) 

1 (0%) 1 (1%) 

(250) (175) (99 1 

(250) (175) (99) 

(250) (175) (99) 

1 (1%) 

1 (1%) 

1 (1%) 

(250) (175) (99) 

(250) (175) (99) 

1 (1%) 

1 (0%) 
(250) (175) (99) 

(250) (175) (99) 

(250) (175) (99) 
1 (0%) 

1 (0%) 

(249) (175) (99) 

(250) (175) (99) 

1 (1%) 
(250) (175) (99) 

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

(250) (176) (99) 

(250) (175) (99) 

(249) (175) (99) 

1 (1%) 

1 (1%) 
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TABLE B2. SUMMARY O F  T H E  INCIDENCE O F  NEOPLASMS I N  FEMALE RATS I N  T H E  LIFETIME 
FEED STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH IR/PW 

DIGESTIVE SYSTEM 
*MOUTH 

SQUAMOUS CELL CARCINOMA 
SQUAMOUS CELL CARCINOMA, 

INVASIVE 

(100) (88 1 (1251 (250) 
1 (0%) 

(175) 

1 (1%) 
(1251 (1751 (1001 

1 (1%) 

1 (1%) 
(1001 

(991 

*HARD PALATE 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

#SALIVARY GLAND 
ADENOCARCINOMA, NOS 
SARCOMA, NOS 

SQUAMOUS CELL CARCINOMA, 

BILE DUCT ADENOMA 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
CORTICAL CARCINOMA, 

MIXED TUMOR, METASTATIC 

*TONGUE 

#LIVER 

INVASIVE 

METASTATIC 

(881 (2501 
1 (0%) 

(250) (88) 
1 (1%) 

(1251 
1 (1%) 
1 (1%) 

(122) 

(175) 

(248) 
1 (0%) 

(250) 

(173) (87) 

1 (1%) 
(99) (87) (125) (175) 

1 (1%) 

3 (3%) 
1 (1%) 

1 (1%) 
21 (12%) 
19 (11%) 

1 (1%) 12 (10%) 
12 (10%) 

4 (2%) 
2 (1%) 

1 (0%) 
1 (1%) 

1 (1%) 
(175) 

(175) 

(87 ) 

(87 ) 
2 (2%) 

(125) 

(124) 
1 (1%) 

(2501 (991 

(99) 
2 (2%) 

#HEPATIC CAPSULE 

#PANCREAS 
MIXED TUMOR, METASTATIC 

ACINAR-CELL ADENOMA 
ACINAR-CELL CARCINOMA 
MIXED TUMOR, INVASIVE 
MIXED TUMOR, METASTATIC 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
ADENOMATOUS POLYP, NOS 
CARCINOID TUMOR, NOS 
LEIOMYOSARCOMA 
ENDOMETRIAL STROMAL 

SARCOMA, METASTATIC 

#STOMACH 

#SMALL INTESTINE 
MUCINOUS CYSTADENO- 

CARCINOMA 
#DUODENUM 

MUCINOUS CYSTADENO- 
CARCINOMA 

SIGNET RING CARCINOMA 
LEIOMYOMA 

ADENOMATOUS POLYP, NOS 
#JEJUNUM 

(249) 
4 (2%) 
1 (0%) 

1 (1%) 
1 (1%) 

(1741 (99) 
1 (1%) 
1 (1%) 

(87) 

1 (1%) 

(124) (250) 

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

1 (0%) 
(2491 (1751 

1 (1%) 

2 (1%) 
2 (1%) 

(175) 

(175) 

(175) 
1 (1%) 

1 (1%) 

1 (1%) 

1 (1%) 

(175) 

(175) 

(99) 

(99) 

(871 

(87) 

(125) 

(125) 

2 (2%) 

(2491 

(125) 

(125) 

12491 

(249) 

(99) 

(991 #ILEUM 
ADENOCARCINOMA IN 

ADENOMATOUS POLYP 
#COLON 

ADENOMATOUS POLYP, NOS 
MUCINOUS CYSTADENO- 

CARCINOMA 
#COLONIC SEROSA 

MUCINOUS CYSTADENOCA, 
METASTATIC 

(87) (125) 
2 (2%) 

(250) (99) 

(99) (871 (125) 

1 (1%) 

(250) 
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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 I R  t DMH IR/PW 

~~ 

DIGESTIVE SYSTEM 
#CECUM (87) (125) (250) (175) (99) 

ADENOCARCINOMA, NOS 1 (1%) 
ADENOMATOUS POLYP, NOS 3 (2%) 
MUCINOUS CYSTADENO- 

SIGNET RING CARCINOMA 1 (1%) 

ADENOCARCINOMA, NOS 3 (2%) 
ADENOMATOUS POLYP, NOS 2 (2%) 6 (3%) 
MUCINOUS CYSTADENOCARCINOMA 5 (4%) 6 (3%) 
SIGNET RINGCARCINOMA 1 (1%) 2 (1%) 
LEIOMYOMA 1 (1%) 
LEIOMYOSARCOMA 1 (1%) 

ADENOMATOUS POLYP, NOS 9 (7%) 8 (5%) 

ADENOMATOUS POLYP 4 (2%) 

CARCINOMA 1 (1%) 

ADENOMATOUS POLYP, NOS 24 (19%) 1 (0%) 30 (17%) 
ADENOCARCINOMA IN 

ADENOMATOUS POLYP 2 (2%) 2 (1%) 

CARCINOMA 1 (1%) 

CARCINOMA 8 (6%) 8 (5%) 

#ASCENDING COLON (87 i (125) (250) (175) (99) 

#TRANSVERSE COLON (87) (1251 (250) (175) (99) 

ADENOCARCINOMA IN 

MUCINOUS CYSTADENO- 

#DESCENDING COLON (87) (125) (250) (175) (99) 

MUCINOUS CYSTADENO- 

LEIOMYOMA 1 (0%) 

URINARY SYSTEM 
#KIDNEY (87) (125) (250) (175) (99) 

CARCINOMA, NOS 1 (0%) 
TUBULAR-CELL ADENO- 

LIPOMA 1 (1%) 
LIPOSARCOMA 1 (0%) 
MIXED TUMOR, MALIGNANT 13 (10%) 34 (19%) 
CARC INOSARC 0 MA 1 (1%) 

TRANSITIONAL-CELL PAPILLOMA 1 (0%) 2 (2%) 

CARCINOMA 1 (1%) 1 (1%) 

#URINARY BLADDER (85) (125) (247) (175) (98) 

ENDOCRINE SYSTEM 
#PITUITARY 

CARCINOMA, NOS 
ADENOMA, NOS 

ADENOMA, NOS 

CORTICAL ADENOMA 
CORTICAL CARCINOMA 
PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, 

GANGLIONEUROMA 

PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, 

#PITUITARY INTERMEDIATE 

#ADRENAL 

MALIGNANT 

#ADRENAL MEDULLA 

MALIGNANT 

(87) 
4 (5%) 

49 (56%) 
(87) 

(87) 
4 (5%) 

8 (9%) 

2 (2%) 

(87) 

(124) 
1 (1%) 

31 (25%) 

1 (1%) 

1 (1%) 

(1241 

(124) 

6 (5%) 

(124) 

1 (1%) 

(249) 
14 (6%) 

103 (41%) 
(249) 

(2491 
10 (4%) 
5 (2%) 

23 (9%) 

( 249 ) 
2 (1%) 

(173) 
1 (1%) 

51 (29%) 
(173) 

(175) 
6 (3%) 
1 (1%) 
8 (5%) 

1 (1%) 

(175) 

(100) 
1 (1%) 

50 (50%) 
(100) 

(99) 
5 (5%) 

11 (11%) 

2 (2%) 
1 (1%) 

(99) 
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TABLE 82. SUMMARY OF T H E  INCIDENCE OF NEOPLASMS I N  F E M A L E  R A T S  I N  T H E  L I F E T I M E  
F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH IR I R  t D M H  IRlP W 

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%) 7 (7%) 
C-CELL ADENOMA 11 (13%) 9 (7%) 26 (10%) 18 (10%) 20 (20%) 
C-CELL CARCINOMA 11 (13%) 9 (7%) 41 (17%) 12 (7%) 12 (12%) 

ADENOMA, NOS 1 (0%) 1 (1%) 
C-CELL CARCINOMA, INVASIVE 3 (1%) 

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%) 

#PARATHYROID (73) (119) (235) (164) (97) 

#PANCREATIC ISLETS (87) (124) (249) (175) (99) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND (88) (125) (250) (175) (100) 

CARCINOMA, NOS 1 (1%) 3 (1%) 1 (1%) 
ADENOMA, NOS 6 (7%) 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%) 

FIBROSARCOMA, INVASIVE 1 (0%) 

CARCINOMA, NOS 5 (4%) 16 (6%) 4 (2%) 4 (4%) 
SQUAMOUS CELL CARCINOMA 1 (1%) 2 (1%) 

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

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

*CLITORAL GLAND (88) (125) ( 250 ) (175) (100) 

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

INVASIVE 1 (1%) 
#UTERUS (87) (125) (249) (175) (99) 

PAPILLARY ADENOCARCINOMA 1 (1%) 
PAPILLARY CYSTADENOMA, NOS 1 (1%) 
LEIOMYOMA 2 (2%) 1 (0%) 
ENDOMETRIALSTROMAL POLYP 13 (15%) 7 (6%) 22 (9%) 15 (9%) 10 (10%) 
ENDOMETRIAL STROMAL SARCOMA 1 (1%) 2 (2%) 2 (1%) 2 (1%) 1 (1%) 

FIBROMA 1 (0%) 
LEIOMYOSARCOMA 1 (1%) 
ENDOMETRIALSTROMAL POLYP 1 (1%) 1 (1%) 
ENDOMETRIAL STROMAL SARCOMA 3 (1%) 1 (1%) 
ENDOMETRIAL STROMAL SARCOMA, 

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

PAPILLARY ADENOCARCINOMA 1 (0%) 
THECOMA 1 (1%) 
GRANULOSA-CELL TUMOR 1 (1%) 4 12%) 1 (1%) 2 (2%) 

#CERVIX UTERI (87) (125) (249) (175) (99) 

INVASIVE 1 (1%) 1 (1%) 
#UTERUS/ENDOMETRIUM (87) (125) (249) (175) (99 ) 

#OVARY (87) (125) (249) (174) (99) 

NERVOUS SYSTEM 
#CEREBRUM (87) (125) (250) (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 t DMH IR/P W 

NERVOUS SYSTEM (Continued) 
#BRAIN 

CARCINOMA, NOS, INVASIVE 

GLIOMA, NOS 
ASTROCYTOMA 

OLIGODENDROGLIOMA 

GRANULAR-CELL TUMOR, NOS 

*SPINAL CORD 

(871 (125) (250) (175) (100) 
4 (5%) 1 (1%) 13 (5%) 1 (1%) 1 (1%) 

1 (1%) 
1 (1%) 

1 (1%) 5 (2%) 1 (1%) 1 (1%) 

1 (0%) 
(88) (125) (250) (175) (100) 

SPECIAL SENSE ORGANS 
*EYE 

*EYELID 

*EAR 

"ZYMBAL GLAND 

FIBROMA 

SQUAMOUS CELL CARCINOMA 

SQUAMOUS CELL CARCINOMA 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
ADENOMA, NOS 
SARCOMA, NOS, INVASIVE 

(88) (125) (250) 

(88) (125) (250) 

(88) (125) (250) 

(88) (125) (250) 

1 (0%) 

1 (1%) 

1 (1%) 
1 (1%) 14 (11%) 7 (3%) 

(175) (100) 

(175) (100) 

(175) (100) 

(175) (100) 
1 (1%) 

2 (1%) 

1 (1%) 
26 (15%) 2 (2%) 

1 (1%) 

MUSCULOSKELETAL SYSTEM 
*MAXILLA (88)  (125) (250) (175) (100) 

"FEMUR (88) (1251 (250) (175) (100) 

"SKELETAL MUSCLE (88) (1251 (250) (1751 (100) 

*ABDOMINAL MUSCLE (88) (125) (250) (175) (100) 

SQUAMOUS CELL CARCINOMA 1 (0%) 

OSTEOSARCOMA 1 (1%) 

RHABDOMYOSARCOMA 1 (1%) 

MIXED TUMOR, INVASIVE 1 (1%) 
- 
BODY CAVITIES 

*MEDIASTINUM (88) (125) (250) (1751 (100) 

*ABDOMINAL CAVITY (88) (125) (250) (175) (100) 

*ABDOMINAL WALL (88) (125) (250) (175) (100) 

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

MUCINOUS CYSTADENO- 
CARCINOMA, METASTATIC 1 (1%) 

LEIOMYOSARCOMA 1 (1%) 

MIXED TUMOR, INVASIVE 1 (1%) 

SQUAMOUS CELL CARCINOMA, 

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

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS (88) (125) (250) (175) (100) 

ADENOCARCINOMA, NOS, 

ALVEOLAR/BRONCHIOLAR 

PAPILLARY ADENOCARCINOMA, 

CORTICAL CARCINOMA, 

METASTATIC 1 (1%) 

CARCINOMA, METASTATIC I (0%) 

METASTATIC 1 (0%) 

METASTATIC 2 (1%) 
C-CELL CARCINOMA, METASTATIC 1 ( 1%) 
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TABLE B2. SUMMARY OF THE INCIDENCE O F  NEOPLASMS I N  FEMALE R A T S  I N  T H E  LIFETIME 
FEED STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH IRlPW 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS (Continued) (88) (125) (250) (1751 (1001 

MUCINOUS CYSTADENO- 
CARCINOMA, METASTATIC 

SIGNET RING CARCINOMA, 
METASTATIC 

SARCOMA, NOS 
MIXED TUMOR, METASTATIC 
CARCINOSARCOMA, METASTATIC 
OSTEOSARCOMA, METASTATIC 

THORACOLUMBAR REGION 
OSTEOSARCOMA 

PERINEUM 
FIBROSARCOMA 

LOWER LEG 
OSTEOSARCOMA 

FOOT 
FIBROMA 

ADIPOSE TISSUE 
MUCINOUS CYSTADENOCA, 

MIXED TUMOR, INVASIVE 
BROAD LIGAMENT 

LEIOMYOMA 

METASTATIC 

6 (5%) 

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

1 (1%) 

1 

1 

10 (6%) 

4 (2%) 

1 
3 

1 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 88 125 250 175 100 

NATURAL DEATH 19 26 39 32 14 
MORIBUND SACRIFICE 60 83 186 117 77 
TERMINAL SACRIFICE 9 16 25 26 9 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY 
TUMORS** 86 123 239 168 93 

TOTAL PRIMARY TUMORS 253 317 637 488 274 
TOTAL ANIMALS WITH BENIGN 
TUMORS 78 79 201 123 88 

TOTAL BENIGN TUMORS 166 146 388 219 194 
TOTAL ANIMALS WITH MALIGNANT 
TUMORS 64 108 172 157 56 

TOTAL MALIGNANT TUMORS 83 159 239 247 76 
TOTAL ANIMALS WITH SECONDARY 
TUMORS## 10 16 32 35 8 

TOTAL SECONDARY TUMORS 11 17 42 43 10 
TOTAL ANIMALS WITH TUMORS 
UNCERTAIN--BENIGN OR MALIGNANT 4 12 9 22 4 

TOTAL UNCERTAIN TUMORS 4 12 10 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 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
NUMBER i 7 7 7 7 7 i 7 r i ~ ~ a a a a  

0 1  4 5 6 7 .  
WEEKS ON 1 1  1 1 1 1  1 1 0 1  
STUDY 1 1 s 0 2 ~ 1 2 2 2 4 s s s 9 1  

4 7 9 a o ~ ~ e 7 a 4 ~ 6 ~ ~ 9  

FIBROMA 
FIBROSARCOMA 

+ t + t t ’ + t + t  N + t  t + + + + + + + + t + + t 
X 

t + t + + t + t + N + + + + + t + t + + ~ ~ t + ~  
X 

X 
X 

X x x  x x  X 
X X 

KIDNEY 
VRINARY BLADDER 

+ t t t t t t t t + + + + t + t + + + + + t t t t  
US CELL CARCINOMA 
AR/BRONCHIOLAR CARCINOMA 
CARCINOMA, METASTATIC 

ROMOCYTOMAe METASTATIC 

SPLEEN 
LYMPH NODES 
THYMUS 

* + t * + t + + * t t t + + + + * t t * + + + + +  

+ t t + + + t t + t + + t k + + t + t + + + + + t  

SALIVARY OLAND 
FIBROSARCOMA 
FIBROSARCOMA, INVASIVE 

LIVER 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 

BILE DUCT 
GALLBLADDER 1 COMMON BILE DUCT 
PANCREAS 
ACINAR-CELL ADENOMA 
ACINAR-CELL CARCINOMA 

ESOPHAOUS 
STOMACH 
SMALL INTESTINE 
LEIOMYOMA 

LAROE INTESTINE 
HERANOIOSARCOP1C I 

M 
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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 
NUMBER 

~ 

WOOCRINE SYSTW 

k k t k f k k t k t k k k k k k k k k k k k k t k  
X X X 

x x  x x  t 
ADRENAL 

CORTICAL CARCINOMA 
PHEOCHROROCYTOMA 

t t k t t t t t t t t t k t t t k t t k k t t k  

X 
X 

PARATHYROID t t k t k t - t - t t k k k k ~ ~ t k k k k t t ~  
AOENOPIA, NOS X 
C-CELL CARCINORA, INVASIVE 

THY R0 I O  
FOLLICULAR-CELL ADENOR& 
FOLLICULAR-CELL CARCINOMA 
C-CELL AOENORA 
C-CELL CARCINORA 
PIBROSARCORAI INVASIVE 

?ANCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

t k t t k t t + ~ t k k t t t ~ ~ t ~ ~ ~ ~ k ~ ~  

X 
x x x  x x x  X 

X 
X x x  

X 
X 

X 

1 

t ~ t t k k t k t k k t k k k N k k k t N t k k N  
X 

X 

TESTIS 
INTERSTITIAL-CELL TUMOR 

PROSTATE 

k k k k t k t k k k k k k t t ~ k k k k k t ~ t k  
X X x X X X X X x x x X X x  x x x x x x  x K. 
k t k k k k t k k t k t t k t ~ t k k t k t t t k  

ZYMBAL OLANO 
CARCINORAt NOS 
SQUAPIOUS CELL CARCINORA 

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

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  

US SYSTER 

BRAIN 
CARCINOMA. NOS, INVASIVE 
ASTROCYTORA 

~ E C I A L  SENSE OROANS 

MULTI?LC OROANS NOS N N N N N N N N N  
C-CELL CARCINOP)Ar METASTATIC 

MESOTHCLIORA, INVASIVE 

MONOCYTIC LEUKPPIIA 

SARCOMA, NO), INVASIVE 

OSTEOSARCOMA, RETASTATIC 
MALIO.LYRPHORA, HISTIOCYTIC TY?E 

k t k t t t k t t t t t t t t t k k k k k t k k t  
X 

X 

I 
C l  

+I  TISSUE CXAMINEO MICROSCO?ICALLY 
- 1  REQUIRED TI5SUE NOT EXAMINED RICRO5CO?ICALLY 

A l  
M l  

X I  TUROR INCIOCNCE 
58 ANIMAL RIS-BtXEO 81 
N1 NECRO?SY, NO AUTOLY815r NO RICROICOPIC EXARINATION 

MUSCULOSP 
BONE 

A 

?ERITONEUM 
MCSOTHELIORAr INVASIVE 

N N N N N N N N N N N N N N N N  I 
X 

X 

N N N N k N N N M 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 N N N N N N N N N N N N N N N N  
1. r 

x x  x x  
X 

TUNICA VAOINALIS 
MCSOTHCLIORA, NOS 
I IESOIHELIOIIA, IIALXONAHT 

MESENTERY 
MESOTHELIOMA, INVASIVE 

NO TISSUE INFORMATION SUBPIITTEO 

AUTOLYSIS 
ANIMAL MISSINO 
NO NCCRO?SY ?CRPORRCO 

NECRO?SY, NO NISTOLOOY OUC TO PROTOCOL 

t k k k t k k k k t k k k k k t t k k t k k k t k  

X 

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

msarmniuui a i a 1 y 1  

LUNOS AND BRONCHI 
SQUAROUS CELL CARCINORA 
ALVEOLAR/BRONCNIOLAR CARCINOMA 
C-CELL CARCINOMAI METASTATIC 
PNEOCHROROCYlORAt METASTATIC 

TRACHEA 
PIBROSARCOMAr INVASIVL 

@ONE MARROU 
s r L m  
L m n  NODES 
T H W S  

SKIN 
PAPILLORA, NOS 
BASAL-CELL CARCINORA 
KERATOACANTHOMA 

t t t * + t t + + * t t t * t t * t t t t t c t +  
X 

X 

t t t t t t t t t t t t t t t t * t t t t t c t t  

* , t  t t t t t t t t t t t t t t  t t t t t t t c t  + 
t * t t t t t * * t * + t * t t t t + + t t c t +  

t * * t t t t t t t t t t t t t t t t t t t c t t  

t - t - t t + + * t - t t t t - t t t t - t c - t  

t t t t t t t t t t t t t t * t t t t t t ~ N t  
X I x  X 

HEART 
DIQESTIVE SYSTm 

t t t t t t t t t t t + t + t t t + t t + t ~ t t  

unmrwrm 
KIDNEY 
URINARY BLADDER 

SALIVARY OLANO 
CIBROSARCORA 
CIBROSARCORA, INVASIVE 

t t t t t + t t t t t + t + t t t t t t t t c t t  

t t t t t + + t t ~ + t + + + t * + * * t t c t t  

L I V E R  
nEoriAsixc NoouLe 
HEPATOCELLULAR CARCINORA 
BILE WCT 

OALLILLAODU a carwn m e  WCT 

PANCREAS 
ACINAR-CELL ADENOMA 
ACI,NAR-CELL CARCINOMA 

ESOPHAGUS 
STORACH 
SMALL INTESTINE 
LEIORYOMA 

NERANOIOSARCOMA 
LAROE IWTEITIME 

Chrysotile Asbestos, NTP TR 295 154 



TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS UNTREATED CONTROL (Continued) 

ANIMAL 2 2 2 2 2 3 3 J J 3 3 3 3 3 3 3 3 3 J 3 J 
NUMBER 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1  

6 7 6 9 0 1 2 3 4 5 6 7 6 9 0 1 2 3 4 5 6 7 6 ~  
WEEKS OM 1 1 1 0 1 1 0  1 1 1 1 1 1 1 1 1 1  
STUDY 4 0 2 9 ~ 1 6 J 2 J ~ 1 2 2 S 1 0 3 9 9 2 2 1 0 6 1  

9 1 4 0 9 9  1 9  4 4 6 7 0 0 1 5  5 1 4  6 

J 3 3 3 ~ '  

0 0 1 1 1 1 0 1  

1 9 3 9  

ADREMAL 
CORTICAL CARCINOMA 
PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, MALIQMANT 

THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCIMOMA 
C-CELL ADENOMA 
C-CELL CARCIMOMA x x x  
FIBROSARCONA, INVASIVE 

PARATMYROID 
AOEMORA, MOS 
C-CELL CARCIMOHAAI IMVASIVE 

+ + + 4 + + 4 4 * * 4 * t * 4 4 + 4 4 4 4 + C + +  
X x x  X x x  

r 

PAMCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

ZYMBAL OLAMD 
CARCINOMA. NOS 
SQUAMOUS CELL CARCINOMA 

BONE 
MA 

PERITONEUM 

4 + + + + + + + + 4 + + + + + + + + N + t 4 N + t  

, N N N N M N N N M N N N M M M N N N N N M N N + N  

N N N N M N N N N N M N M N N N N N N N N N N M M  
X II -- 

TUMICA VAOINALIS 
MLSOTNELIOMA~ N05 
MESOTNELIOHAr MALIQMANT 

MESOTHELZOMAI IMVASIVE 
NESEMTERY 

+ + + + * + + + +  + 4 + 4 4 4 + 4 + 4 + M 4 +  
X 

N ' N N N N N N N M N N M N N M N N N N N M N M M N  

X 

X 

155 

MULTIPLE ORQANS MOS 
C-CELL CARCIMONA, METASTATIC 
SARCOMA. NOS, IMVASIVE 
MCSOTWELIOPIA, IHVASIVE 
OSTEOSARCOMA, METASTATIC 

MONOCYTIC LEUKENIA 
MALIG.LYMPHORA, HISTIOCYTIC TYPE 
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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) 

ANIHAL 
NUMBER 
YEER) ON 
STUDY 

SKIN 
PAPILLOHA. NOS 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 

m O R Y  S I S T E R  

LUNQS AND BRONCHI 
SQUAMOUS CELL CARCINOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
C-CELL CARCINOHA. HETISTATIC 
PHEOCHROMOCYTOMAI METASTATIC 

TRACHCA 
FIBROSARCOMA, INVASIVE 

R- 
BONE HARROY 
SPLEEN 
LYHPH NODES 
TNYHUS 

HEART 

SALIVARY OLAND 
FIBROSARCOPIA 
FIBROSARCOMAe INVASIVE 

LIVER 
NEOPLASTIC MODULE 
HEPATOCELLULAR CARCINOMA 

BILE DUCT 
QALLBLADDER 4 CORMOM BILE DUCT 
PANCRCAS 
ACINAR-CELL ADLNOMA 
ACINAR-CELL CARCINOHA 

CSOPHAQUS 
STOMACH 
SMALL INTESTINE 

LARQE INTESTINC 
L EIOI'IYOPIA 

HEMANOIOSARCOMA 

KIDNEY 
URINARY BLADDER 

N + + + + + + + + + + + + * + + + + + + + + + + +  

N + t + + + + + + + + + + + t * + + + * ~ t + t t  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 '  
2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4  

1 1 1 1 1  
o 4 4 z i 2 4 3 3 4 4 o 2 0 3 3 3 a i a i 3 z s 1 a  

4 9 2 4 4 4 7  4 2 2 1 8 2  9 1 0  2 6 8 

AHIMAL 
MUMBER 
W E E m  OM 

* STUDY 
M 

1 1 1 1 0 '  

7 6 3 1 3 .  

PITUITARY 
CARCINOMA, NOS 
ADENOMA, NOS X X X 

c t t t t t t t t t t t t t t t t t t t t t t t t  
X 

x x x  X X X 

c t t t t t t * t t t + + t t t t t t t t t t t t  

ADREHAL 
CORTICAL CARCINOMA 
PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMAr MALIGMAMT 

PARATHYROID 
ADEMOMA. HOS 
C-CELL CARCIMOMA. IMVASIVE 

ISLET-CELL ADEMOMA 
ISLET-CELL CARCIHOMA 

PAMCREATIC ISLETS 

A E P R O D U C T I V ~ T E M  
MAMMARY GLAMD 

ADENOMA, NOS 
FIBROADENONA 

IHTERSTITIAL-CELL TUMOR 

MESOTHELIOMA. NOS 

TESTIS 

PROSTATE 

PREPUTIAL/CLITORAL GLAMD 
CARCIMOMAt MOS 
SQUAMOUS CELL CARCIMOMA 
ADENORA, HOS 

m W O U S  SYSTER 

BRAIN 
CARCINOMA, MOS, IMVASIVE 
ASTROCYTOMA 

ZYMBAL OLAMD 
CARCINOMA, NOS 
SQUAMOUS CELL CARCIMOMA 

MUSCULOSKELETA L SYSTEM 

BONE 
OA 

BODY CAVITIES 
PERITOMEUM 

TUMICA VAGIHALIS 
 MESOTHELIOMA^ IMVASIVE 

MESOTHELIOMA. NOS 
MESOTHELIOMA, MALIOMAMT 

MESENTERY 
MESOTHELIOMA. IMVASIVE 

ALL OTHER S Y S T W S  
MULTIPLE ORGAMS NOS 
C-CELL CARCINOMA. METASTATIC 
SARCOMA. HOS, IMVASIVE 
MESOTHELIONA, IHVASIVE 
OSTEOSARCOMA, METASTATIC 
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 
PlONOCYTIC LEUKEMIA 

I x x x x  
x x x x  X x x  X 

* I  c t t t + + t t t t t - t t + t + t t t + t + t  

x x  

c t t t t t t t ~ t t t t t t t t t t t t t + ~ t ~  

I M M M M N M M M H M M N M M H H M M H N M H M N H  

X 
X 

I 

N t t t t t t t t t t t t t t t t t t t t t t t t  

X 

M M N N M M M N N N N N M M M N M M M N M M M N H  
X 

H M H M M M M M H H M M M H M M M M M M M N H N M  
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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) 

AHIHAL J J J 3-3 J J 
HUHBER 5 5 5 5 5 5 5  

1 1 1 1  
STUDY l J l J l 2 2  

6 4 4 5 0  

I P 

.J 
TOTAL 

TURORS 
'TISSUES 

SKIN  
PAPILLOflA, NOS 
BASAL-CELL CARCINOflA 
KERATOACANTROPIA 

N + + + + + + + + + + + +  
X 

N + + + + + + + + + + + +  

x x  
X 

SUBCUTANEOUS TISSUE 
SQUAROUS CELL CARCINOflA 
BASAL-CELL TUMOR 
SARCOHA, HOS 
FIBROHA 
FIBROSARCOflA 

I 8  I 
5 
2 

Ban 
J 
I 
i 

I7 
I 

. LUNOS AHD 8RONCHI 
SPUAHOUS CELL CARCIHOMA 
ALVEOLAR/BROHCHIOLAR CARCINORA 
C-CELL CARCIHOHAr HETASTATIC 
PHEOCHROPIOCYTOMA, HETASTATIC 

c + + + + + + + + + + + +  a5 
1 

X 2 
I 
1 .  

TRACHEA 
PIBROSARCORA, INVASIVE 

SYSTEH 

BOHE HARROY 

SPLEEN 

LYHPH HODES 

THYHUS 

e + + + + + + + + + + + +  I 4  . 
e + + + + * * + + + + + +  85 . 
c + + * + + + + + + + + +  I 5  . 
c + - - + + ' + ' +  + + + - + 62 

HEART e + + + + + + + + + + + +  

SALIVARY QLAND 
FIBROSARCOHA 
FIBROSARCOHA, INVASIVE 

L IVER 
HEOPLASTIC NODULE I 

HEPATOCELLULAR CARCINOMA 

B I L E  DUCT 

QALLILADDER L COmON BXLC DUCT 

PAHCREAS 
ACIHAR-CELL AOEHOMA 
ACINAR-CELL CARCIHOHA 

ESOrnAOUs 

STOHACH 

SRALL I n T e s t r n E  
LEIOHYOHA 

HEHANQIOSARCOHA 
LAROE IHTESTIHE 

I S  

I c + + + + + + + + + + + +  

c + + + * + + + + + + + +  
N N N N H N N N N H N N N  

c + + + + + + * + + + + +  
X 

I 056 
c + + + + + + + + + + + +  

X 

I S  

aaw 
B5 

9 

c + + + + + + + + + + + +  

c + + + + + + + + + t * +  

85 

6S 
I 

~ A R Y  SY~T'!B 
KIDHEY 

URINARY BLADDER 
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c + + + + + + + + + + + +  II I. 
c + + + + + - + + + + + +  I 4  
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I 

c + 4 + t * +  + + + t + + t 85 

c + + + t t t + + t + t +  85 

4 
14 

2 
X x x  16 

X X 
X 

STUDY 

,. 

ENDOCRINE SYSTEM 

PITUITARY 
CARCINOMA, NOS 
ADENOMA, NOS 

CORTICAL CARCINOMA ’ 
PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, MALIGNANT 

FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINORA 

ADRENAL 

THYROID 

FIbROSARCOMA~ INVASIVE 

PARATHYROID 
ADENOHAI NOS 
C-CELL CARCINOMA. INVASIVE 

ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

PANCREATIC ISLETS 

MAITIARY GLAND 
ADENOMA. NOS 
FIBROADENOMA 

INTERSTITIAL-CELL TUMOR 
TESTIS 

PROSTATE 
MESOTNELIOMAr NOS 

PRE?UTIAL/CLITORAL GLAND 
CARCINOMA. NOS 
SQUAMOUS CELL CARCINOMA 
ADENOMA, NOS 

BRAIN 
CARCINOMA. NOS, INVASIVE 
ASTROCYTOMA 

ZYMBAL GLAND 
CARCINOMA, NOS 
SQUAMOUS CELL CARCINOMA 

L 
?ERITONEUM 

TUNICA VAOINALIS 

MESOTHELIOMA, INVASIVE 

MESOTHELIOMA, NOS 
MESOTHELIOMA. MALIGNANT 

MESENTERY 
RESOTHELIOMAr INVASIVE 

84 c + + t + + + + + + * + t  
X 

X 
I 

13 
19 

I .  

3 

X 

78 c + + + + + + t t + * t +  

-. 

a5 c + * + + t + t + + + + +  5 
X X 3 

c + + + + + - + + + + + +  
x x x x x  X X X X X X  

c + + t + t + + + + + + +  

N N N N N N N N N N N N N  
X 

84 

8S 

88W 

1 
1 

2 

n t + + + + t + + + + + +  

I ”‘: I 
ma* 

1 
1 

N N N N N M N N N N N N M  

N + + + + + n + + + + * t  

N N N N N N N N N N N N N  

aau 

88* 
2 

88N 
1 

N N N N N N N N N N N N N  

X X x x  

88N 
1 
1 
1 
1 
1 

2a 

1 ANIMALS NECROPSIED 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

1J-DIMETHYLHYDRAZINE DIHYDROCHLORIDE 

L u n a  AND BRONCHI 
 ADENOCARCINOMA^ NOS, METASTATIC 
ALVEOLAR~BRDHCHIOLAR ADENOMA 
C-CELL CARCINOMAe METASTATIC 
 FIBROSARCOMA^ METASTATIC 
NEMANOIOSARCOMAr METASTATIC 

SUBCUTANEOUS TISSUE 
SQUAPIOUS CELL CARCINOMA 
TRICHOETITHCLIOMA 
SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 
LIPOMA 

I 
I t 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
, .  

X 

OSTEDSARCOMAr METASTATIC . t 
TRACHEA 

NASAL CAVITY 
ADENOMA, NOS 

I 
- . . .. . . . . - - -- 
S Q U A ~ U S  c t u  CARCINOMA, ~ ) ~ S T A T  
MUCINOUS CISTADENOCA. RETASTAT1C 
SIGNET RINO CARCINOMA. METASTATIC 

. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N + N N N N  

X 

SALIVARY OLAND 
SARCOMAS NOS 

BONC MARROY 

SPLEEN 

LYMPH NOICI 

MALIO.LYM?HOMhr HISTIOClTIC TYrE 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
.. 

LIVER 
NEOPLASTIC N O W L C  
HEPATOCELLULAR CARCINOMA 
HEnANOIOSARCOMA 
MALIO.LYMPHOMA, HISTIOCYTIC TYPE . 
m e  DUCT 
OALLBLADDER 8 C O m N  BILE DUCT . 
PANCREAS 
ADl!NOCARCINOMA, NOS 
ACIHAR-CELL ADENOMA 

eaornAaua 
STOMACH 

SMALL INlEBlINE 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 

X X 

e 
M M M N M M M M M M N M N M N M M N M H LL. 
. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  
+ + + + + + + + + + + + + + + + +  + + + + + + + +- 
+ + + +  ( I + + + + + + + +  + + + + + + +  + * + + t  

+ + + + + + + + + +  + + + + + + + +  + t + + *  

X 
X ADENOCARCINOMA. nor x x  ADENOMATOUS POLYP, NOS x x  

MUCINOUS CYSTADENOCARCINOMA x x  
MUCINOUS CYSTADENOCA, METASTATIC azawei IINO CARCINOMA + 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

A N I M A L  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 .  
NUMBER 4 4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7  

WEEKS ON 1 1 1 1 0 0  0 1 1 1 1 1 0  0 0 1 1 1 1 0 0 0  
STUDY 2 2 2 1 6 9 9 2 7 4 2 2 2 1 2 6 9 8 0 2 2 1 9 8 ~ 1  

3 6 7 8 9 0 1 2  3 4 5 6 7 8 9 

9 1 5 5 2 9 7 ~ 4 9 9 7 9 5 2 ~ 1 9 9 a 9 0  

Om. 

K I D N E Y  
TUBULAR-CELL ADENOCARCINOMA 
M I X E D  TUMOR,. MALIGNANT 

t t ~ t + + + + + + t + t t ~ + + ~ + + ~ ~ t t +  

X r 

P I T U I T A R Y  
CARCINOMA, NOS 
ADENOMA, NOS 

PHEOCHROMOCYTOMA 
ADRENAL 

URETER 
M I X E D  TUMOR. M A L I G N A N T  

U R I N A R Y  BLADDER 
P A P I L L O M A .  NOS 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

I N E  SYSTEM 

N N N N N N H N N N N N N N N N N N N N N N N N N ~  

* + t t + + t t t + + t ~ + + + t t + t ~ t t t +  

PARATHYROID 
ADENOMA, NOS 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

~ + t + t ~ + t + + + t + t + t t + t + + t + t t  

X X 
X x x  

* t * * t + + t + + t + t + + * t + t t t + t + +  

t + + + + t t + t + + + t t + + + ~ + + t t t t +  

X 

T E S T I S  
I N T E R S T I T I A L - C E L L  TUMOR 

+ + + + t + + t t + + * + + + + + + + + t + + + +  
x x x x  x x x x  x x x x x x x x x x x x x x x  

PROSTATE 
ADENOMA, NOS 

B R A I N  
CARCINOMA, WOSI I N V A S I V E  

NEURILEMOMA. M A L I G N A N T  
S P I N A L  CORD 

BPECIAL SENSE ORGANS 

P R E P U T I A L / C L I T O R A L  GLAND 
CARCINOMA, NOS 
SQUAMOUS C E L L  CARCINOMA 

+ + + + + + + + + + + + + + k + + t + + + + t + +  

N N N N N N N N N N N N N N N + N H N N N N N N N  
X 

+ t + 4 + + + . +  + + + + + * *  t + t + + t t t t +I  
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  

X X 

T U N I C A  V A G I N A L I S  
MESOTHELIOMA, NOS 
MESOTHELIOMA, M A L I G N A N T  

SARCOMA. NOS 
MESENTERY 

t + + * * + + * + + + * * * * * t + t t + + + + +  

X 

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  

EAR . . . . . . . . . . . . . . . . . . . . . . . . .  
FIBROSARCOMA X 

M U L T I P L E  ORGANS NOS 
ADENOCARCINOMA, NOS, I N V A S I V E  
ADENOCARCINOMA. NOS, M E T A S T A T I C  
MUCINOUS CYSTAOENOCA, M E T A S T A T I C  
MESOTHELIOPIA, M E T A S T A T I C  
MALIG.LYMPHOMA, H I S T I O C Y T I C  T Y P E  
MONOCYTIC L E U K E M I A  
L E U K E M I A .  MONONUCLEAR C E L L  

ZYMBAL GLAND 
CARCINOMA, NOS 
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 

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  

X 
x x  

X 

X ' X  X X 
X 

f 

+ i + t + + + t + t t t + + t + t t t + ~ t t t  
X 

X 
X 

B A S E  OF T A I L  I I 
RHAIDOMYOSARCOMA 

F I 8 R O M A  
SCROTUM NOS 

A T I C  
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TABLE Bs. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 
ANIMAL 
NUMBER 
YCIKS ON 
STUDY 

SKIN 
SQUAMUUS CELL PAPILLOMA 
TRICNOEPITNELIOMA 
KERATOACANTWOIIA 
SQUAMOUS c c u  CARCINOMA 

SUBCUTANEOUS TISSUE 
TRICHOEPITHELIOMA 
SARCOMA, NOS 
CIBROMA 
fIBROSARCOIIA 
LIPOMA 

SQUAHOUS c m  CARCINOMA 

TIC 

TRACHEA 
NASAL C A V I T Y  

AOENOMAr NOS 

BONE MARROY 

sricew 
MAL10.LYWNOMAr NISTIOCYTIC TYPE 

LYMPH NODES 
SQUAMOUS CELL CARCINOMA, METASTAT 
MUCINOUS CYSTADCNOCAe MCTASTATIC 
SIONET RINO CARCINOMAr METASTAlIC 
SARCOMAt NOS 

THYMUS 

HEART 

SALIVARY OLANO 

LIVER 
SARCOMA. moa 

NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
HEPlANOIOSARCOHA 
MALIO.LYWNOM~. NISTIOCYTIC trre 
BILE DUCT 
OALLBLAODER C O ~ Q N  w e  DUCT 

PANCREAS 
AOEWOCARCINOMA, NOS 
ACINAR-CELL ADENOMA 

CSOPMAWS 
STOMACH 
SMALL INTESTINE 
LAROE INTESTINE 

AOENOCARCINOMA. NOS 
AOENOMATOUI POLYP, NOS 
MUCINOUS CYSTAOENOCARCINOMA 
SIONET RINO CARCINOMA 
MUCINOUS CYSTAOEMOCA, METASTATIC 

RECTUM 
PaLiP. nor 

t t t + t t t t t t t + t + + n t t t + t t t t t l  

X 

x X 
X Y 

X 

t t t t t + * t t t t + t t + t t t t t + t + + t  

Y x 
t t t t t t t t + t t t t t + + t t t + + t + t 4  

t t t t t + t t t t t t t t t t t t + t + + + t +  

t t + t t *  t t + + + t + + + + t t t + + + t + 4  

+ t + t + t + t t + t t t t + t + t t + + t + + +  

x x  X 
X 
X 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

ANIMAL 4 4 4 4 4 4  4 4 4 4 4 4 4 4 4 4  

WEEKS ON 0 0 1 0 1 1 0  0 1 

NUMBER 7 7 7 7 7 7 7 7 7 a a a a a a a a a a 9 9 9 9 9 9  

STUDY 7 a 2 , 9 2 2  9 1 e 4 9 6  i 2 i 7 s 2 2 7  
9 1 9 2  1 8 2 5  1 0 1 4 9  4 9 9 

4 4 4 4 4 4 4 4 4  

7 x 9 0 1 ; ; ; 7 .  
l a 0  

7 1 2  i o 
7 7 9 9 6 0 .  

KIDNEY t + + t t t + + t + + t + k t t t t t + + t t + +  
TUBULAR-CELL ADENOCARCINOMA 
RIXED TUMOR, MALIGNANT 

URETER 
MIXED TUMOR, MALIGNANT 

URINARY BLADDER 
PAPILLOMA. NOS 
TRANSITIONAL-CELL PAPILLOMA 

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  

+ t t + t t t t + + + + t + t t + t t + + + + t t  

+ + + t t t + + t + + t + + + + - + + + + + + t +  

r X X x x  X 

ADRENAL 

THYROID 
PNEOCHROMOCYTOMA 

FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

PARATHYROID 
ADENOMA. NOS 

t t ~ t + + t t t t + t + + t t t t t t t + + + t ~  
X X X x x  x .  

t t + t t + t t t + t t - t t t t t + t + + t t t  

X X 
x x  X x x  

PANCREATIC I SL ETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

BRAIN 

SPINAL CORD 
CARCINOMA, NOS. INVASIVE 

NEURILEMOMA, MALIINANT 
~PECIAL SENSE ORGANS 

+I t + + + t + ~ + t + t t + + t + t t + t + t t t  

X X 
X 

+ ~ t t t + + t + + + t t + + t t t t + t t t t t  

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  

I 
STEM t 

ZYMBAL GLAND 
CARCINOMA. NOS 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

MAMMARY GLAND 
ADENOMA, NOS 
ADENOCARCINOMA., NOS 
FIBROADENOMA 

+ t + t t + t + + t t + t t ~ + t t + + + t t t  

x x  X 

t t t t + t + ~ t + t t + t N t N + t t t t + t  
X 

TUNICA VAGINALIS 
MESOTHELIOMA. NOS 
MESOTHELIOMA, MALIGNANT 

SARCOMA, NOS 
'ALL OT-EMS 

MESENTERY 

TESTIS + t t + + t + + + t + t + t ~ t t t + t t t t t t  
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  
INTERSTITIAL-CELL TUMOR. MALIGNAN 

t t t t t t + t t t t + + + + + t + + + t t t t t  

X 

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  

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  

x x x  x x x x  x x  x x x x  x 

PROSTATE 
ADENOMA. NOS 

PREPUTIAL/CLITORAL GLAND 
CARCINOMA. NOS 
SQUAMOUS CELL CARCINOMA I 1 x ,  

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  
X 

RHABDOflYOSARCOMA 
SCROTUM NOS - FIBROMA X 

IC X 

EAR 
FIBROSARCOMA 



TABLE BS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

1,2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

S K I N  
seumus c m  PAPILLOMA 
seumous CELL CARCINOMA 
TRICNOE?IT~ELIOI I*  
KERATOACANTHOMA 

* * t + f + + + t * * * + + t + + + + + + + + + +  

X 

X X 
f 

I 

I t 
Lunes AND BIDIICNI I * + + + + + + + + + * + + + * + + + + + + + + + +  

X 

FIBROSARCOMA, METASTATIC 
HPIANQIOSARCOMA~ METASTATIC 
OSTEOSARCOMAr METASTATIC X 

T R A C H U  + + + +  + + + + + e + + + + + +  + + + + +  + t + + *  

NASAL CAVITY N N N M N N N M + N N N N N N H M N N N M M N N N  
ADENOMA. HOS 

BONE MARROU + + + * + + + + + + + + + + + + + + + + + + + + +  
S?LEEN . . . . . . . . . . . . . . . . . . . . . . . . .  
MALIO.LWHOMA, HISTIOCYTIC me , 

I 
-._ -..-..- 

AOENOCARCINOMAI NOS, METASTATIC 

C-CELL CARCINOMA, METASTATIC 
ALV~OLAWDRONCNIOLAR ADENOMA 

SALIVARY OLANO 
SARCOMA, NOS 

L I V E R  I + + + + * + * + + + + + + + + + + ~ * + + + + + + +  
I Y  N ~ O C L A S T I C  NODULE 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x Y Y 

HEPATOCELLULAR CARCINOMA x x  X X X 
NEMANOIOSARCOMA X 
MALIO.LYIWHOMA, HISTIOCYTIC m e  

. . _- . - .. - . - - . . - - - - - 

BILE DUCT 

O I L L I L A D D R  a COmON B I L E  DUCT 

P ANCREAS 
AOENOCARCINOMA~ NOS 
ACINAR-CELL AOENWA 

ESO?HAOUS 
STOMACH 

s M u L  I m s i I m e  
LAROE I N T E S T I N E  

AOENOCARCINOMAr NOS 

MUCINOUS CYSTADENOCARCINOMA 

SIONET RINO CARCINOMA 

ADCNOMATOUS r o L i r .  nos 
MUCINOUS CYSTAOCNOCAe METASTATIC 
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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) 

THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOHA 
C-CELL AOENOMA 
C-CELL CARCINOMA 

ANIMAL 
NUMBER 
WEEKS ON 
STUDY 

SYSTEM 

t t + + t t t t t t t t + t ~ t t t t t t + t t t  

X X X 

t t t t * t + t t t t t t t t t t t + + t + + t t  

t t + + t t + t t t t t t t t + t t t t t t t + t  

X X 

X 

X 
X 

X X X 
x ._ 

t t * t ~ t t t t t t t + t + t t + t t + t t t t  

t + * * + + + + t + + - + t + + t + + + * + * +  

X 

I KIDNEY t t + t t * t t t t * + + t  
TUBULAR-CELL AOENOCARCINOMA X 
MIXED TUMOR, PIALIGNANT 

BRAIN 

SPINAL CORD 
CARCINOMA, NOS, INVASIVE 

NEURILEMOMA, MALIGNANT 
~ P E C I A L  SENSETROANS 

URETER ‘ N N N N N N N N N N N N M N N N N N N N N N N N N /  
HIXEO TUMOR, MALIGNANT 

t t + + t t ~ t t t t * t t t t t t t t t t t t t  
X 

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  

URINARY BLADOER t t t t + t t t + t t t t t t t t t t t t t t t  
PAPILLOMA. NOS 
TRANSITIONAL-CELL PAPILLOMA 

ZYMBAL GLAND 
CARCINOMA,, NOS 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

PITUITARY 
CARCINOMA. NOS 
AOENOMA. NOS 

t t t t t t t t t + + t t t t t t t t t t N ~ t  

x x  X 

ADRENAL 
PNEOCHROMOCYTOMA 

TUNICA VAGINALIS 
MESOTHELIOMA. NOS 
MESOTHELIOMA. MALIGNANT 

SARCOMA. NOS 
HESENTERY 

PARATHYROID 
ADENOMA. NOS 

+ + t t t t t t t + + t t + t t t t t t t t t t t  

X 

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  
X 

MULTIrLE ORQANS NOS 
ADENOCARCINOMA. NOS. INVASIVE 
AOENOCARCINOMA. NOS. METASTATIC 
MUCINOUS CYSTADENOCAo PIETASTATIC 
MESOTHELIOPIA. METASTATIC 
MAL1G.LYMPHOMA. NISTIDCYTIC TYPE 
MONOCYTIC LEUKEMIA 
LEUKEMIA, MONONUCLEAR CELL 

PANCREATIC ISLETS 
ISLET-CELL AOENOHA 
ISLET-CELL CARCINOMA 

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  
X 

X 
X 

x x  X x x  X 
r 

MAMMARY GLAND 
ADENOMA. NOS 
ADENOCARCINOHA. NOS 
FIBROADENOMA 

t t t + + t + + t + t + + t N t t t t t t t t t  

+ t + t t + t t + t t t + + + t t t + t t t t t  
x x x x  x x  x x  x x x x x x x x  x x : /  I X 

TESTIS 
INTERSTITIAL-CELL TUMOR 
IHTERSTITIAL-CELL TUMORe HALIGNAN 

I I 
PROSTATE 
ADENOMA.. NOS 

CARCINOMA, NOS X 
SQUAMOUS CELL CARCINOMA 

PREPUTIAL/CLITORAL QLAND 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  

EAR 
FIBROSARCOMA 

t + t t + t + + t t t t t t t t t t t t t N + t t  

BASE OF T A I L  I 
RWABOOMYOSARCOMA 

FIBROMA 
SCROTUM NOS 

TIC 
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TABLE W. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTlLE ASEESTOS 

I$-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 
ANIMAL 
NUMBER 

STUDY 

SKIN 
SQUAMOUS CELL PACILLOMA 
SPUAMOUS CELL CARCINOMA 
TRICNOECITHCLIOMA 
KERATOACANTHOMA 

SPUAMOUS CELL CARCINOMA 
TRICHOECITHELIOMA 
F1& 
FIBROSARCOHA 
LIPOHA 

suncuTAmeous i m u c  

SARC MAP NOS 

LUNOS AN0 BRONCHI 
AOENOCARCINOMA~ NOS; METASTAl 
ALVEOLAR/BRONCHIOLAR ADENOMA 
PIBROSARCOMA, METASTATIC 
HUlANOIOSARCOMAr METASTATIC 
 OSTEOSARCOMA^ METASTATIC 

c - c u  CARCIWOHA, RETASTATIC 
'IC 

TRACHEA 
NASAL CAVITY 
ADENOMA, NOS 

nowe MARROY 
SClEEN 

MALIO.LYWHONA, NISTIOClTIC lY?c 

THYMUS 

HEART 

SALIVARY GLAND 
SARCOMA, NOS 

PANCReAS 
AOCNOCARCINOMAI NOS 
ACINAR-CELL AOENOHA 

RECTUM s POLYP. NOS 
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X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X x 

+ + + + + + + + + , +  + + + + + + t + + + t ++:I 
X 

I x x  

X x x  x x  
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

l,%DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

KIDNEY 
TUBULAR-CELL ADENOCARCINOMA 
MIXED TUMOR. MALIGNANT 

i 
4 4 4 4 4 t 4 4 t t 4 t 4 4 4 * 4 4 + t t 4 4 4 t  

r 
URETER 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  

MIXED TUMOR, MALIGNANT 

URINARY BLADDER 
PAPILLOMA. NOS 
TRANSITIONAL-CELL PAPILLONA 

ENDOCRINE SYSTEM 

4 4 4 - t t 4 4 + 4 4 4 * 4 4 4 4 4 + 4 + 4 4 4 4  

X 

PITUITARY 
CARCINOMA. N05 
ADENOMA. NOS 

PHEOCHROMOCYTOMA 
ADRENAL 

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

4 * * 4 4 4 + 4 + 4 4 4 4 * 4 + + 4 4 4 t t 4 4 4  

t 4 4 + 4 4 4 4 + + 4 4 + 4 t 4 t + t 4 t t t t t  
X 

4 4 + 4 4 4 4 4 * 4 4 t 4 t 4 4 4 * 4 4 t 4 t + t  

X 

X x x  X 

PANCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCIHOMA 

REPRODUCTIVE s YSTEM 

PARATHYROID 
ADENOMA. NOS 

4 t 4 4 4 + 4 4 + + 4 + - 4 * 4 4 4 4 4 t t 4 4 4  

4 4 4 + * 4 t 4 + 4 + + + + 4 4 t t t t t 4 + 4 4  

X 

NOS 

4 + * 4 * 4 t 4 + 4 4 4 * + 4 4 + 4 t + t + + + 4  
X 

, x  
r 

TESTIS  
IHTERSTIT IAL-CEL1  TUMOR 
INTERSTIT IAL-CELL  TUMOR, MALIONAN 

+ 4 t + + t + t 4 4 t + 4 4 4 t 4 t + 4 + 4 + 4 4  
x X X X x x x x X X X X X  x x x x x x x x x x x  

PROSTATE 
ADENOMA, NOS 

PREPUTIAL/CLITORAL GLAND 
CARCINOMA, NOS 
SQUAMOU5 CELL CARCINOMA 

BRAIN 

SPINAL CORD 

CARCINOMA. NOS. INVASIVE 

NEURILEMOMA. MALIGNANT 

SPECIAL SENSE ORGANS 

EAR 
FIBRD5ARCOMA 

4 t + 4 * + 4 4 4 4 4 4 4 4 * * t + + + + t 4 t 4  

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  
X 

+ 4 t t 4 4 4 4 + 4 t 4 4 t t 4 + t t t 4 t + 4 t  

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  

+ N t t t + + 4 t + + + + + + t t t t + t + + + 4  

r 

TUNICA VAGINALIS 
MESOTHELIOMA, N05 
MESOTHELIOMA. MALIGNANT 

SARCOMA, NOS 
MESENTERY 

ALL 

ZYMBAL GLAND t N 4 4 t 4 4 t 4 4 4 + 4 4 4 4 4 4 4 4 t 4 t +  
CARCINOMA, N05 X 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA X x x  X 

4 4 4 4 4 + 4 4 * 4 + 4 4 4 4 4 t 4 4 4 4 t 4 4 t  

X X 

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  

MULTIPLE ORGANS NOS 
!A. ND5, I N V l  ADENOCARCINOP L51VE 

ADENOCARCINOMA. NOS. METASTATIC 
MUCINOUS CY5TADENOCA~ METASTATIC 
MESOTHELI 
M A L I  

' I C  
!C TYPE 

NONOCYTIC LEUKEMIA 
LEUKEMIA, MONONUCLEAR CELL 

RHABDOMYOSARCORA 
BASE OF T A I L  

N N N N N N N N N N N N N N N N N N H N N N N N N  I 
X X 

X 

X X 
x x  x x  x x x  x 

T 

I I 
SCROTUM NOS 

PIBROMb 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

l,!&DIMETHYLHYDRAZINE DIHYDROCNLORIDE (Continued) 

A N I M A L  5 5 5 5 5 5 5 5 5 5 5 5  5 5  5 5 5 5 5 5 5 5 5 1 5  5 
4 4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 b 6 6 b 6 7  
6 7 8 9 0 1 2 - J  4 5 6 7 8 5 6 7 81 9 0 

NUMBER 

WEEKS ON 1 1 1 1 0 0 ~ 0  1 1 O l O b +  i T ~ - ~ I S S U E S  
STUDY i o 2 2 9 1 7  2 a 1 1 a 2 7 o i 9 1 0 1 21 71  2 0 

1 9 2 0 9 4 1 7 7 0 9 0 2 1 9 9  
m G U M E N T A R Y  SYSTEN 

I 
TOTAL 1 
TUMORS1 

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINONA 
T R I C H O E P I T H E L I O M A  
SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 
L I P O M A  

S K I N  
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 
T R I C N O E P I T H E L I O M A  
KERATOACANTHOMA 

E S P I R A T O R Y  SYSTEM 

I 
t t t t t t t t t t t t t t t t t t t t t t t t t. 125w 

2 
2 
4 

X X 6 

t t t t t t t t t t t t t t t t t t t t t t t t t 125U 
1 

X 1 
2 x x  X 13 

X 3 

LUNGS AND BRONCHI  
ADENOCARCINOIlA. NOS. M E T A S T A T I C  
ALVEOLAR/BRONCHIOLAR ADENOMA 
C-CELL CARCINOMA, M E T A S T A T I C  
 FIBROSARCOMA^ M E T A S T A T I C  
 HEMANGIOSARCOMA^ M E T A S T A T I C  
OSTEOSARCOMA* M E T A S T A T I C  

t t t t t t t t t t + + t + + t t t t t t t t t t 

X 
t I 

TRACHEA 

NASAL C A V I T Y  
ADENOMA, NOS 

~EMATOPOTETIC SY STEM 

t t t t t t t t t t t t t t t t t t t t t + t t t  124 

N M M M N N N M N M N N N N N N N N N N N fd N N H 125Nj 
2 

BONE MARROW 

SPLEEN 

LYMPH NODES 

MALIG.1YMPHOPlAr H I S T I O C Y T I C  T Y P E  

SQUAMOUS C E L L  CARCIMOMA. METASTAT 
MUCINOUS CYSTADENOCA, M E T A S T A T I C  
S I Q N E T  R I N Q  CARCINOMA, N E T A S T A T I C  
SARCOMA, NOS 

THYMUS 

SARCOMA. NOS 

L I V E R  
N E O P L A S T I C  MODULE 
HEPATOCELLULAR CARCINOMA 
HEMANGIOSARCOMA 

t t t t t t t t t t t t t t t t t t t t t t t t t  125 
X x x x  x 12 i 

x 17 
2 

X 
x x  x x  

X 

B I L E  DUCT t t + + t t t t t t t t t t + t t t t .t t t t t tI 125 

GALLBLADDER L CONMOW B I L E  DUCT N N N t N N N N N N N N N N N N N N N N N N N N N (2SW 

PANCREAS 
ADENOCARCINOMAe NOS 
ACINAR-CELL ADENOMA 

ESOPHAGUS 

S TO M A C H 

SMALL I N T E S T I N E  

LAROE I N T E S T I N E  

x x x  ADENOCARCINOMA, NOS 
ADENOMATOUS POLYP, NOS 
MUCINOUS CYSTADENOCARCINOMA 
MUCINOUS CYSTADENOCA. M E T A S T A T I C  
S I G N E T  R I N G  CARCINOMA 
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TABLE BS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

If-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

t t t t t t t t t t t t t t t t t t t t t t t t t  

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 

t t t t t t t t t t t t t t t t t t t t t t t t t 
X 

t t t t t t t t t t t t t t t t t t t t t t t t t  

X X X 

t + t t t t t t t t t t t t t t t t t t t t t t t  
X x .  x x  x x  

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

UR~NARY SYSTEM 

125 
1 
1 

125W 

1241 

1 

124 
3 

12 

125 
20 

K I D N E Y  
TUBULAR-CELL ADENOCARCINOMA 
M I X E D  TUMOR, MALIONANT 

X 
X X X 

x X 

URETER 
M I X E D  TUMOR, MALIGNANT 

I 
1 1  
15 

URINARY BLADDER 
P A P I L L O M A t  NOS 
TRANSITIONAL-CELL CA?ILLONA 

~ ~~ 

t t t t t t t t t t t t t t t t - t t t t 4 t t t  

t t t t t t t t t t t t t t t t t t t t t t t t t  

X X 

P I T U I T A R Y  
CARCINOMA. NOS 
ADENOMA. NOS 

119 

124 

1 

1 
6 

ADRENAL 
PHEOCNRDMOCYTDMA 

x x x x x x x x x x x x x x x x  x x x x x x x x  

t t t t t t t t t t t t t t t t t t t t t + t t +  

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 
X 

t t t t t t t t t t t t t t t t t t t t t t t t t  

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 

THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENONA 

112 
1 

125 
1 

125* 
6 
1 

125 
1 

125* 

C-CELL CARCINOMA 

PARATHYROID 
ADENOMA, NOS 

t t t t t t t t t t t t t t t t t t t t t t t t t 
X 

X X X 

t t t t t t t t t t t t t t t t t t t t t t + t t 
X 

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 

PANCREATIC I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINORA 

125w 
3 

1s 

125N 
1 
5 

12511 

REPRODUCTIVE SYSTEM 

NANMARY GLAND 
ADENOMA, NOS 
ADENOCARCINOMA. NOS 
FIBROADENOMA 

T E S T I S  
I N T E R S T I T I A L - C E L L  TUMOR 
I N T E R S T I T I A L - C E L L  TUNOR, MALIGNAI  

PROSTATE 
ADENOMA, NOS 

PREPUTIAL/CLITORAL GLAND 
CARCINOMA, NOS 
SQUAMOUS CELL CARCINOMA 

NERVOUS S YSTEM 

B R A I N  

S P I N A L  CORD 

CARCINOMA, NOS. I N V A S I V E  

NEURILENONAI MALIGNANT 

S P E C I A L  SENSE OR G I N S  

EA R 

ZYMBAL GLAND 

FIBROSARCOMA 

CARCINOMA, NOS 
SQUANOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

bODY C A V I ~ T I E S  

TUNICA V A G I H A L I S  
MESOTHELIOMA. NOS 
MESOTHELIOMA. MALIGNANT 

MESENTERY 
SARCOMA. NOS 

ILL OTHER SYSTENS 

M U L T I P L E  ORGANS NOS 
ADENOCARCINOMA. NOS, I N V A S I V E  
ADENOCARCINONA, NOS. M E T A S T A T I C  
MUCINOUS CYSTADENOCA, METASTATIC 
 MESOTHELIOMA^ METASTATIC 
MAL1G.LYNPHONA. H I S T I O C Y T I C  TYPE 
MONOCYTIC LEUKENIA 
LEUKEMIA, NONONUCLEAR C E L L  

BASE OF T A I L  

SCROTUM NOS 

RHAIDONYOSARCOMA 

FIBROMA 
A S T A T I C  

M A N I N A L S  NECROPSIED 

N t t t t t t t t t t t t t N t 4 t t t t t  
X 

t ~ t t t t t t t t t t t + t t t t t t t t t t t  1 2 5 l  

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 
1 

x 40 x x  X X x x x  

~~ 

1 
1 
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TABLE 83.  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE 

ANIRAL 

YeEKS ON 
STUOY 

Hunim 

;“~%?lOCYTOMA. MALIONANT 

A 
ARCMA 

- 
I O N E  MARROY 

SPLEEN 
I N T E R S T I T I A L - C E L L  TUMOR. RETASTA 
SARCORA. NOS 
UEMAN010SA1C0RA 
n o N o c m c  LEUKEUIA 

THYMU5 

WLATORY SYSTEI~ 

HEART 
 ADENOCARCINOMA^ NOS. RETASTATIC  

SYSTEn 

ORAL C A V I T Y  
SPUAMOUS CELL PAPILLOMA 
SPUAROUS CELL CARCINOMA 
XERATdACANTHORA 

SALIVARY OLAND 

FIIROSARCORA 
?IlROSARCOMA. I N V A S I V E  

NEOPLASTIC tlOOULE 
HE?ATOCELLULAR CARCINOPIA 
FIBROSARCOMA, R E T A S I A T I C  
LIPOSARCOMA. PIETASTATIC 

S A R C O R A .  no) 

L I V E R  

I I L I  DUCT 

QALLBLAOOER & COMON B I L E  OUCT 

PANCREAS 
ACINAR-CELL ADENOMA 
ACINAR-CELL CARCINOMA 

tlO?WAOUS 
sronicn 

ADENOCARCINOMA. MOS 

LAROE I N T E S T I N E  
ADEHORATOUS POLYP, NOS 

URWARY S R T E M  

URINARY l L A V D L l  
I l A M S I T I O N A L - C E L L  PAPILLOMA 
I I A N I X T I O N A L - C E L L  C A R C I N O R A  

~ ~ + * * * * * * * * * + * * * + * * ~ * + * * +  
X 

X 

X X 

x x  

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  ......................... 
~~ ~ . . . . . . . . . . . . . . . . . . . . . . .  :i 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANG STOS: INTERMEDIATE - RANGE (Continued) 

AMIMAL 

YClUS ON 
¶TUOY 

Munm 

+ * * * + + - * + + * * * * * * + * * * * * * *  
x x  Y x x  

ADRCYAL * * * * * * * * * * * * * * * + * ~ * * * + + * ~  
CWEOCYROWCYTOMA X Y Y  x x  Y 
C O R T I C A L  40CYOMA 

CYCOCYRMOCYTOMA. M A L t O t ( A l l  
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued) 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

1 U b C U l A I C O U S  TlSfUE 
CARCIHOMA. NOS 
1PUAMOUS CELL CARCIYOMA 
SISAL-CELL CARCINOMA 
1ARCOUA. 1103 
fIBROUA 
~ I B R O ~ A I I C O M A  

LIPOMA OSTEOSARCOMA 
MCUROfIBROSARCOMA 

rimous n I s T I o w T o n A .  M I L  .IOWAMI 

Y SYSTEM 

SPLEEN 
InlERSTITIAL-CELL TUMOR, MSTASTA 

l4Ci4AWOIOSARCOUA 
SAIICOUA. nos 
MOWOCYTIC L E U K U I A  

L Y W U  NODES 
SPUAi4OUS CELL CARCINOMA. METASTA 
SARCOi4A. 1101. INVASIVC 
P I B R O U l  HISTIOCYTOMA. MCTASTATIC 

ORAL CAVITY 
1PUAUOUS CELL PAPILLOnA 
3PUAMOUS CELL CARCIWOMA 
KCR4TOACANlHOMA 

IALlVARY GLAWD 
SARCOMA, 101 
FISROSAIICOUA 
FIbROlARCOMA. IMUASIVE 

LIVCR 
HEOPLASIIC NODULE 
IIIROSARCOUA. UETASTATIC 
LIPOSARCOUAI M E T A l T A l I C  

HEPATOCELLULAR c.mrnonA 

I I L E  DUCT 
GALLbLAOOER L COfClOW B I L E  DUCT 

PAMCIEAS 
ACIWAI-CELL ADCIIOMA 
ACIWAR-CELL CARCINOMA 

CSOIWAPUS 

snbii IWTESTIM 
AOENOMATOUS POLYP. NOS 
MUCINOUS CYSTADENOCARC1W0UA 
SIOMET RING CARCIIIOMA 
L L1 OnYonA 
L c I o n Y o ~ A I c o n A  

LARGE IMTESTINE 
AOCNOMATOUS POLYP. NOS 

B I N A R Y  SYSTEN 

X I 

d ......................... 

~~~~ ~ . . . . . . . . . . . . . . . . . . . . . . . . .  ......................... 
* * . ~ ~ * + . * * * * * . * * . ~ * * ~ . * * .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

~~~~~ ~~~ 

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

PLEURA 
SOUAUOUS C l L L  CARCINOUA 
AOEWOCARSIUOUA~ UOS. M E T A S I A T l C  

ADEHOCARCIUOUA~ UOS. UCTASTATIC  
MESOTWELIOUA. UOI 

LIPOSARCOUA 

MLSOTHELIORA, nos 
MElOTWELlOUA. MALIOUANT 

F l B R O S A R C M A  
LlPBUA 

UI!OIASTIUUM 

PERITOUEUU 

l U U I C A  V A O I U A L I l  

MESEUTERT 

I I 

N N U U N N U N N U ~ N U  W N u N u u u N N N u ~ l  

.. 
n u ~ ~ n n u ~ n n n n n ~ n n ~ n ~ n n n ~ n n  

~ u N W N N N N N N N U N u N u W u N u N u u N N  

* . * * * * .  l * . * . . . * * . * ~ . * * t * t  

u N N N N N u u N N * N u u N N N u N u N N N N N  

P I W I T A R Y  
CARCIUOUA. UOS 
AOCWOUA. UOS 

I 
ADRENAL . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X X x x  CORTICAL AOEMONA 

PWEOCHROUOCYTOUA 
PUEOCHROUOCYTOUA. UALIOUAWT X 

PARAOAUOLIOU 
PARAOANOLIOUA. UOS 

X 
X *I THYROID FOLLICULAR-CELL AOCNOUA ~ ~ * . ~ . * * . . . . ~ * . * . * . + * * ~ . +  

FOLLICULAR-CELL CARCINOUL 
C-CELL AOEUONA X 
C-CELL CARCIWMA 
S A R C M I .  UOI .  I I I V A I I Y E  1 '  

PARATWYROID ~ - . . + * . * ~ * * * * + * ~ + * * + + * ~ ~ *  
AOEWOUAI U O I  X X 
C-CELL CAICINORA. I N V A S I V E  

PAIICRCATIC I S L E T S  + * * * * * * * . + + + * * * * * * * * * * ~ * ~  
ISLET-CELL  AOEUOIIA X 
ISLET-CELL  CARCIUOUA X X X 

MULTI?LE OROAUS UOS N ~ * * N * N N N * * N N N N N u * * N N N N N N  
FIIROSARCOMA~ I U V A S I V L  
FIBROIARCOMA. RETASTATIC  
FIBROUS W I S T I O C Y T O U A ~  UETASTATIC 
CARCINOSARCOUA. R E T A S T A I I C  
MESOTUELIOUA. MALIOWANT 
RESOTHELIONA. RETASTATIC  
OSTEOSARCOUA METASTATIC  
N A L I O .  L Y N P H O h .  U I S T I O C Y T I C  TY?E 
UYELOWNOCYTlC  L E U K U I A  
MOUOCYTIC L E U K U I A  
LEUKCNIA. PlOMONUCLLAR CELL 
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ANIMAL 
wunna 
YEEKS ON 
STUDY 

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

SU8CUTAMCOUI TIsauc 
CARCINOMA. UOS 
SPUAMOUI CCLL CARCINOMA 
BASAL-CKLL CARCIUOMA 
SARCOMA. NOS 
fI8IOMA 
rI8RoSARcom1 
fIlROUS HISTIOCYTOMA. MAI 
Ll?OUA 

.IOWAWT 

TWYWS 

HCARI 
IOEHOCARCIIIOMA, NOS. MCTAITATIC 

En 
ORAL CAVITY 

sauAnous CELL w n t o m  
SOUAMOUS CELL CARCINOMA 
KERAIOLCINTNOMA 

JALIVAIY DLINO 
SARCOMA. N O S  
FIBROSARCOMA 
fI8ROSARCOMA. IUVASIVC 

LIVER 
NCOPLASTIC UODULC 
YE?I IOCELLULAR CARCIWOMI 
LIPOSARCOMA. MCTISTATIC 
~ I n R o s ~ R c o n A .  M E T A S ~ A I I C  

BILE DUCT 

DALL8LADOER k COmOW 8 I L I  DUCT 

?ANCRCIS 
ACIUAR-CELL AOCWOUA 
ACINAR-CELL CARCIUOMA 

CIOCHAOUS 
sromcu 
AOENOCAICIUOMA~ NOS 

SUILL INICSTIIIE 
ADCUOMATOUS COLYC. NOS 
UUCINOUS CYSTAOCHOCARCINOMA 
SIGNET RINO CARCIUOMA 
LCIOMYOMA 
LEIOIIYOSARCOMA 

LARGE INTESTIUE 
ADINOMATOUS COLYC, UOS 

ETT~~ARY w s i E n  

KIDNEY 
TUBULAR-CELL ADCNOCAICINOMA 
TUOULAR AOEHOCARCINOMA 
LIPOMA 
LICOSARCOMA. 1IIWASIVC 
RIX€D TUMOR. MALIONAN1 

UIIWARY I L A O D C R  
TRANSlTIONAL-CELL PACILLOMA 
IIANSIIIONAL-CELL CARCINOMA 

X 

X 

X 

X I 
X 

*I 
* . *  + * * *  
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AUIMAL 
N W I E R  

STUOY 

TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

P I T U I T A R Y  
CAICIUOMA.  NOS 
ADEUOMA, UOS 

PARATWYROID 
ADEUOHA. UOS 
C-CELL CARCXUOMA~ I I I V A S I V E  

PAUCREATIC I n n s  
I S L E T - C E L L  AOCUOHA 
I S L E T - C E L L  CARCIUOHA 

T E S T I S  
I U T C R S T I T I A L - F I L L  TUmR 
XWTCRSTXTXAL-ClLL TUHOI. MALIONAb 

CARCXNOMA, NOS 
ADEUOMA. NOS 

SQUAllUUS CELL CARCIUOMA 
P R E ? U I I I L / C L X T O R A L  OLAIID 

CAICIUOMA, UOS 
SQUMOUS C E L l  CbRCINOMl 

LIPOSARCOMA 

PROSTATC 

rcnxs 

E P I D I D Y M I S  

IRAXU 
CARCIUOMA. N O I S  I I W A I I V I  
ASTROCYTOMA 

ORQAWS 

EYE 

IORDERIAU OLAUD 

t!ALXOUAUI MELAMOMA 

SARCOHA~ UOS. IWASIVC 

L Y M I A L  CLAUD 
CARCIUOUA. 10) 
SQUAMOUS CELL CARCINOMA 
KERATOACAUTUOMA 
CARCIUOSARCOHA 

,QUE 
SPUAHOUS CELL PACXLLOMA 
OSTEOSARCOMA 

OSTEOSARCOMA 
JOIUT 

S 
PLEURA saumous CELL c m c I u o n A  
ADCWOCARCIUOUA. UOS. M C T A I T A T I C  

AOEUOCAICIUOMA, UOS. METASTATIC 
MESOTUELXOMA. UOS 

LX?OSARCOHA 

UESOll4ELIOHA. UOS 
I IESOTUCLIOMAl H A L I O W A l l  

nCDxASlInun 

PERITOIIEUU 

TUUICA YAOIUALXS 

'AIIC 

TYPE 

Y E A 0  NOS 

I A C K  NOS 

L U M I A R  REGIOn 

LOYER LEG UOS 
OSTEOSI ICOHA 

ADIPOSE T ISSUE 
M I X E D  MESEUCHYMAL TUMOR, UALIGUA 

5ARCOHA. NOS 

IUAIDOHVOSARCOMA 

CHOUOROSARCDMA 

X 'I , * * * * * ' * * * * ' t ' + * * * ' * * b * *  

x x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X i 

X 

X 
X 

X X X x x  X x x  x x x x - - l  
t 

-. & 

t 
L 
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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) 

ANIMAL 
NUMDER 

Y E C I S  on 
I T U O Y  

DUICUTAIIIOUS T I I l U I  
CARCINOMA, H01 
I P U A M O U l  S I L L  CARCIN&MA 
B I S A L - C E L L  CARCINOMA 
SIRCOMA, NOS 
P I I R O M A  
?IBROSARCOMA 
PIIIOUI H l S T 1 O C I T O M A ~  M A h ~ O N A W T  

O I T I O # A R C O p I A  
N I U R O C I I R O I A I C O M A  

L z r o n A  

LY?WN NODES 
SPUIROUS CELL  C A R C I I I O M A .  METASTA 
SARCOMA, NOS. I N V A S I V E  
F IBROUS N I S T I O C Y T O M A ~  flETASTATlC 

T H m u S  

HEART 
IOENOCARCINOMA. NO¶. RETASTATIC 

m I v E  srsru) 
ORAL C A V I T Y  

SQUAMOUS CELL  PAPILLOMA 
SQUAnOUS CELL  C IRCINOMA 
KERATOACANTHOMA 

S A L I V A R Y  GLAND 
IARCOnA.  NOS 
FIBROSARCOMA 
FIDROSARCOnA, I N V A l I V C  

N E O P L I S T I C  NODULE 
HEPATOCELLULAR CIRCINOMA 
F I I R O S A R C O M A .  n E T A S T A T I C  
LIPOSARCOPIA, M E T A S T A l l C  

L I V E R  

PANCREAS 
I C I N A R - C E L L  AOENORA 
ACINAR-CELL  C IRCINOMA 

STOMlCN 
AOENOCARCINOMA~ NOS 

KIDNEY 
TUBULIR-CELL  AO~NOCARCINORA 
TUBULAR AOCNOCARCINOnA 

L IPOSARCOMI ,  I N V A S I V E  
MIXED TUMOR, n A L I G N A N T  

t i ronr 

URINARY ILAOOCR 
TRANSIT1ONAL-CELL  PAPILLOMA 
TRANSIT IONAL-CCLL  CARCINOMI  

II  M U L T I P L E  OCCURENCC O P  R O R P W O L O O  
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF 1NTERMEDIATE.RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued) 

AHIMAL 
NUMlEP 

YEEKS ON 
S l U D Y  

PITUITARY 
CARCINOMA. NOS 
ADENOMA, NOS 

PARATHYROIO 
AOEHOMA NOS 
c - c c t i  ~ARCINONA, I N v m v e  

CANERLATIC  I S L E T S  
I l L E l - C E L L  AOENOMA 
I S L E T - C E L L  CARCINOMA 

T O l I S  
I N l E R S l I T I A L - C E L L  TUMOR 
I N l E R S l I T I A L - C E L L  TUMOR, MALION4t 

CARCINOMA, NOS 
ADENOMA, NOS 

?ENIS 
SPUAMOUS CULL CARCINOMA 

C R E P U I I A L / C L I l O R A L  OLANO 

P R O S l A T E  

CARCINOMA, nor 
S P U A M O U ~  c e i L  CARCINORA 

L P I O I D Y M I S  
LIPOSARCOMA 

B R A I N  
CARCIWOMA. NOS. I U V A S I V C  
ASTROCYTOMA 

EYE 

HARDERIAN GLAND 

MALIENANT MELANOMA 

SARCOMA. nor. InvAsivE 
ZYMBAL OLANO 

CARCINOMA. NOS 
I P U I M O U I  CELL  CARCINOMA 
KERATOACANlHOMA 
CARCIHOSARCOMA 

ET AL SY 5 1  EM 

BONE 
SPUAMOUS CELL PACILLOMA 
OSIEOSARCOMA 

OSTEOSARCOMA 
J O I N 1  

PLEURA 
SOUAMOUS CELL CARCINOMA 
IOENOCARCINOMA~ NOS. M € l A S l A T I C  

AOEHOCARCIROMA. HOS. M E T A S T A I I C  
RESOTHELIOMA. NOS 

LIPOSARCOMA 

M E S O l H E L I O n A r  NOS 
MESOTHELIOMA, MALIONAM1 

I lcDIAsTIWun 

PERITONEUM 

TUNICA VAOlNALI I )  

RLSENTERY fI!fW:ARCOMA 
ALL  OTHER SYSIEMS 

HEAD NOS 

I A C K  MOS 

IbRCOMA. NOS 

RHb8DOMYOlARCOMA 

L U W l A R  REOION 

LOUER LEO NOS 
OSlEOSARCOMA 

b O I P O 5 E  T I S S U E  
MIXED MISEWCRYMIL TUMORr M A L I O N A  

SCRO1UU NOS 
ME-T 

CHONDROSARCOMA 

x x  I X x x  
X 

X x x  

L X 
Y X X X X  . . . . . . . . . . . . . . . . . . . . . . . . .  x x x x x x x x x x x x x x x x x x x l  
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TABLE B3. INDIVIDUAL ANIMAL TUM 
STUDY OF INTERMEDIATE-RANGE 

ANIMAL 
n u n n u  
UEEKS on 
STUOI 

SYSTEH 

suIcuTAnEous Tissue 
CARCINOMA. NOS 
SPUAMOUS CELL CARCINOMA 
IASAL-CELL CAICINOMA 
SARCOMA. NOS 
FIBROMA 
cIBRo5ARconA 
FIBROUS HISTIOCYTOMA. MALIONANT 
LICOMA 
OSTEOSARCOMA 
NEUROCIBROSARCOMA 

SYSTcI( 

IOMC MARRW 
..I .." .. .-... 
INTERSTITIAL-CLLL TUMR.  1111ASTAl 
SARCOMA. NOS 
N ~ A N G I O S A R C O M A  nowocrrzc LEUXEUIA 

L w n  NODES 
SPUAMOUI CELL CARCINOMA. METLIT11 
SARCOMA, NOS. INYASlYC 
FIBROUS HISTIOCYTOMA. MITASTATXC 

i n m s  

HEART 
ADENOCARCINOMA, NOS. MElASlAlIC 

ORAL CAVITY s a u m u s  CELL CACILLOMA 
SPUMOUS CELL CARCINOMA 
KERATOACANTNOMA 

SALIVARY GLAND 
SARCOMA. NOS 
U I R O S A R C O M A  
FIlROSARCOMA, I i V A S I Y C  

L I V E R  
NEOCLASTIC nonuLC 
NCPATOCELLULAR CARCINORA 
FISROSARCOMA. METASTATIC 
LICOSARCOMA. MLTASTATIC 

IILE DUCT 
GALL8LAOOER i C O m O N  IILC DUCT 
CANCREAS 
ACINAR-CLLL A D E N O W  
ACINAR-CELL CARCINOMA 

c5o?wAous 
STOMACH 
ADENOCARCINOMA. NOS 

U R I N A R Y  BLADDER 
TRANSITIONAL-CELL PAPILLOMA 
TRANSITIONAL-CELL CARCINOPIA 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE :HRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued) 

ANXnAL 
nunm 
YEEX5 ow 
STUDY 

m O C R X N E  S Y S T M  

C I T U I T A R Y  
CARCINOPIA. NOS 
AOEHOMA. NOS 

ADRENAL 
C O R l l C A L  ADENOMA 

CNEOCHROMOCYTMA. RALIWANT 
PNeocwnopIocyTonA 

PARAOANOLlOl  
PARAOINOLIOMA. NOS 

r u i t n y m o  
LOENMA. NOS 
C - C I L L  C A R C I l M A .  INVASIVE 

XSLCT-CELL A O E l O ~ A  
ISLKT-CELL C A R C I N M A  

C A Y C R U I I C  ISLETS 

M M A R T  OLANO 
AOINOMA. NOS 
ADCNOCARCINOMA. NOS 
FIIIOPIA 
CARCIHOSARCOMA 
flIROAOLNOllA , 

8 R A X l  
CARCINOIA.  NOS. INVASIVE 
ASTROCYTOPIA 
nuUIlpLDnr 

S P e c I A L  S I N S 1  OROINS 

EYE 

HARDERIAN OLANO 

flALIoI(ANT RELANMI 

SARCOMA. NOS. I l V A S I V e  

HEAD NOS 
IARCOPIA. NOS 

BACK NOS 

LUMSAR REOXON 

LOYER LEO NOS 
OSTEOSARCDllA 

4OIPOSE T I S S U E  
M I X E D  flESENCHYnAL TUMOR. MALIONA 

SCROTUM NOS 

RNAIOOMYOSARCOMA 

C~ONDROSARCDnA 

X X 

X 
X x x x x  x x x  X x x  
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NullIER 

YEEKS OM 
STUDY 

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

s w e n  
I M T U S T I T I A L - C L L L  TUMOR. METASTAl 
SARCOMA. MO$ 
H ~ A M 8 l O S A R C D M A  
m M o c Y T I c  L C U I D l l A  

L W H  NODES 
SPUAROUS CELL  CARCZHOMA. ftCTA$TAl 
SARCOMA. M O I .  I N V A S I V E  
F I I R O U S  HIST1OCYlOMA.  M n A S T A T I C  

ORAL CAVITY 
SPUAMOUS CELL PACILLOMA 
SPUAMOUS CELL CARCIMOMA 
KCRATOACANTHOMA 

SALIVARY GLAWO 
SARCOMA. NOS 
FI IROSARCORA 
PIIROSARCORA. I I V A S I V C  

MEOCLASTIC NODULE 
HCCATOCELLULAI  CARCIHOMA 
F I I R D S A R C O M A ~  M E T A S T A r I C  
LXPOlARCOMA. METASTATIC  

L I V E R  

B I L E  WCT 

GALLILADDCR 8 C O m O N  I I L E  DUCT 

?ANCREAS 
AC11AR-CCLL ADENOMA 
LCIMAR-CCLL  CARCINOMA 

LAROE INTCSTINE 
AOENOMATOUS COLY?. NOS 

KIDWET 
TUIULAR-CELL  ADEHOCIRCIMOMA 
lUBULAR LDEHOCIRCIHORA 
LIIORA 
LIPOSARCOMA. I N V A S I V E  
R I X E O  TUMOR. MALIGNLHT 

URIHARY BLADDER 
TRAHSIT IONAL-CELL  PAPILLOMA 
T R A M S I T I O M W - C E L L  CARCIHOMA 

x x  

x 
x x x  x x  X 

X 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

?AUCREbIIC I S L E T S  
ISLCT-CELL ADEUOnA 
ISLET-CELL CARCIUORA 

I 
I t 

* * * + * . * + * * + * + * * * * * * . * * + + ~  
x x x x x x x x x x x x x x x x x x x x x x x x x  l C S T l S  

I N T L R S T I T I A L - C E L L  TWOR 
I W l E R S T I T 1 A L - C E L L  TUMOR. n i L I w ( A N  

r A T I C  

r m  I X 

I x  x x x  x x x x  X x x X I  

LOUEl LEG NOS I 
O S T E O S b R C O t t A  

I D I P O S E  T I S S U E  
l l l X E D  MESEMCYYI1AL IUnOR.  I lALIGMAM 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

ANIMAL 
MUMIER 

YEEKS OM 
5TUDY 

s w m  
I M T ~ R S T I T I A L - C I L L  TMI. MT48TA1 
SARCOMA. MO$ 
NNlAMOIOSARCOUA 
UOMOCYTIC L E U K K U I A  

LYMPH Mooes 
5PUAUOUS C E L L  CARCINOMA. MWAlTAl 
5ARCOAA. NOS. I N V A S I V C  
ZIlROUS l l I 5 T l O C Y l O n A .  M E T A S T A I I C  

TWmUS 

HEART 
AOCMOCARCINOMA~ 110). RETA¶TATXC 

ORAL CAVITY 
S O U A ~ O U S  c m  PAPILLOMA 
S~UAUOUS CELL CARCINOMA 
IERAIOAC4MTHOMA 

S A L I V A I T  OLANO 
SARCOM4. NOS 
f l l R O 5 A R C O U A  
CIBROSARCOMAI I I IVASXVE 

L i v e n  
NEOPLASTIC N o o u L e  
HCPLIOCELLULAR CARCIMOMA 
F l lROSARCOMA.  RCTASTATIC 
L I P 0 5 4 I C 0 M A l  M E T A S T A l l C  

m e  DUCT 

OALLBLAOOER A C O m D N  l l L t  DUCT 

PAMCRLA5 
A C I N A R - C I L L  ADENOMA 
ACIMAR-CELL CARCIl lORA 

txomey 
W I U L A R - C E L L  LOEMOCARCIMOMA 
I U B U L L I  LOEMOCARCINO~A 

LIPOSARCOMA1 I N V A S I V E  
L i r o n i  

ntxco r u m o n .  n A L i G n w  

URINARY BLADDER 
T R I N S I T I O M A L - C E L L  PAPILLOMA 
I R A M ¶ I T I O M A L - C C L L  CARCIMOMA 
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x x  X X x x  x 
X 

X 

X 
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ANIMAL 
NUMEER 

YEEKS ON 
SlUDY 

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

P I T U I T A R Y  
CARCINOMA. NOS 
ADENOMA. NOS 

u n * T n y n o I D  
ADLNOMA. NOS 
C-CELL CIRCINOUA. I N v A s i v e  

P A N C R I A I I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINORA 

UAmARY GLAND 
AOENOMA. NOS 
ADENOCARCINOMA. NOS 
F I I R O M A  
CARCINOIARCOMA 
f I IROADENOMA 

T E S T I S  
I N T E R S T I T I A L - C E L L  TUROR 
I N T I R S T I T I A L - C I L L  TUMOR, N I L I O N A  

CARCINOMA. NOS 
ADWOMA. NOS 

P E N I S  
SPUAROUS CELL CARCINOIIA 

PRECUTIAL /CL ITORAL GLAND 
CARCINOMA. NOS 
SPUAMOUS CELL CARCINOMA 

LIPOSARCOMA 

PROSTATE 

cr in inmn 

-En 
W A I N  

CARCIWORA. WDII I W V A I I V E  
ASTROCYTOMA 

ne 
MALIOMANT nELAMon& 

HARDERIAN OLAND 
SARCOMA. NOS, I N V A S I V E  

Z W D A L  CLAM0 
CARCINOMAI NOS 
SPUAl?OUS CELL CARCINOMA 
KLRAlOACANlROMA 
CARCINOSARCOMA 

ETAL m T t n  

Some 
SPUAMOUI CELL PAPILLOMA 
OSTEOSARCOMA 

OSTEOSARCOMA 
J O I N 1  

S 
? L N R I  

SPUAMlUS CELL CARCINORA 
ADENOCARCINOMA. NOS, R E T A S T A T I C  

ADEMOCARCIMORA. HOS. METASTATIC  
M L D I A I T I N U M  

R E s o i H E L I o n A .  NOS 

PERITONCUM 

TUMICA V A O I M A L I S  

LIPOSARCOIIA 

n e s o i n c L I o m .  NOS 
MESOTMELIOMA~ M A L I O N A N 1  

FIDROSARCmU 
MESENTERI  

HEAD NOS 
SARCOMA. NOS 

RMAEOOMYOSARCOMA 

CHONDROSARCOMA 

LOUER LEO NOS 
OSTEOSARCOMA 

A D I P O S e  1151Ut 
M I X E D  MESENCHYMAL TUMOR, MALIGN)  

SACK IO$ 

LURSAR REDION 

sciorun Has 
ANT 

* * * + . + * + * + * * + * * + * * * *  
x x  x x x x x x x x x x x x x x x x x : * : : : I  

~~ ~ 

+ e , , *  + + + * , *  + + * + + .I 
Y 

N N N N N N N N N M N N N N N N N N M N N N N N N  

N N N N N N N N N N N N N N N N N M N N N N N N N  

I N H N N N N N N N M M N N N M N N N N N N N N N N  

I N N N N N N N N N N N N M N M N N N N N N N N N N  

X X X X X x x  x 
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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) 

II)CWEI 
IOYC UARROY 

SCLECU 
I U T C R S T I T I A L - C E L L  TUMOR. UCTAlTb 
SARCOIlb. NOS 
WEUbUOIOSARCOUb 
UONOEYTIC LIUUEUIA 

HEAR1 
AOENOCARClUOUb~ NOS. UETbITATIC 

a w l  CAYITY 
SPUAIlOUS CELL ?A?lLLOUb 
SWAMBUS C I L L  CAICIUOUb 
KERAlObCb~THOUb 

SALIVARY OLAUO 
S A l C O M b .  NOS 
C1BROSARCOUb 
FlIROSAlCOUb~ I U W S I Y C  

L I V C R  
aCO*LASTlC MOOULC 
H C ? L T O C I L L U L A R  CAIClUOMA 
PIIROSIRCOML. U E T A I T A T I C  
L I ? O $ A l C O U b ~  P ICTbSlATlC  

l l L C  DUCT 

DALLBLADDCR I COmDH B I L E  OUCl 

PbNCREAS 
ACINbR-CCLL AOCUOMb 
LCINAR-CELL CARCIUOMA 

CSOCUAOUI 

STOMbCU 
ADLNOCARCIUOUL, NOS 

LAROE I U T C I T l N E  
IOLNOUATOUI POLY?, NOS 

I Y S T E U  

KlOUEY 
IUlULbR-CELL ADCNDCARClUOUb 
VJBULAR AOEUOCARClNOIlb 
LIPPMl 
LIPOSARCOUA~ I W V k S I V E  
nlXE0 IUnOR. M A L I G H A N I  

URlNARY l L A O O E R  
l R b H 5 l f I O N A L - C E L L  P A C I L L O I l A  
TRANSITIBUAL-CELL C A I C I U O P I A  
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(Continued) STUDY OF I 

IRAIN 
C A R C I I O I I A .  NOS. INVA8IVI 
ASTROCYTORA 

NE 

HAROCRIAN OLAnO 

MALIONAMT MCLAMORA 

SARCOMA. nor. IWVASIVC I 

. . . . . . . . . . . . . . . . . . . . . . . . .  CITUITARY 
CARCINOMA, NOS 
ADCHOMA, NOS Y X Y X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

~ * . l N N * . * * . * N N * * N * * * * N * * *  

N n n N N * n N n N n n N N n n w N N N N N n n n  
r 

PANORLATIC I S L E T S  
ISLIT-CCLL AOCHOMA 
ISLCT-CILL CARCIMOMA 

MEAD NOS 

BACK NOS 

SARCOMA. nos 

RHABDOMYOSARCOMA 

CNONOROSIRCOnA 
LOYER L E O  NOS 
OSTEOSARCOMA 

IOIPOSE TISSUE 
I I X E D  MCJENCRYRAL T U R O R ,  MALIONAM, 

SCROTUM NOS 

L U ~ B A R  n m o n  

ANT 

X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

U I D I D Y M I S  
LI?OSARCOMA 

X K 

x x x x x x  x x x  X 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS LNTERMEDIATE-RANGE (Continued) 

A N I B A L  
UwrISR 

Y E E K I  ON 
STUOY 

3?LECU 
I U T E R S T I T I A L - C E L L  T U m I .  RSTASTA 
SARCOnA. UOS 
l fMAM01OSARCORA 
MONOCYTIC LEUKERIA  

LYn?H UODEI 
SQUAMOUS CELL C A R C I U M A .  MCTASTA 

t l l I O U S  I I S T I O C Y T M A .  RETASTATIC  
S A R C O ~ A .  nor. i n v m w E  

ORAL C A V I T Y  
sauinous CELL ?WILLOMA 
S W A n O U I  CELL C A l C I N O l A  
KERAlOACAUTUO~A 

3ARCOllA. NOS 
PI IROSAICOMA 

SALIVMY a u n o  

r m o s m c o n A .  IUVAIIVE 

L I V E R  
N E O ? l A S T l C  NODULE 
WEIATOCELLULAR CARCINORA 
F I IROIARCOnA.  METASTATIC  
L l ? O $ A l C O n A ~  METASTATIC 

I I L E  DUCT 

GALLILADDER I COmDU I I L E  DUCT 

ESOPN A O U I  

LARGE I N T E S T I N E  
AOEUOMATOUS POLYP. U O I  

m A R V  5YSTEn 

KIDUEY 
I U I U L I R - C L 1 1  AOLUOCARCINO~A 
T U B U L I I  AOENOCARCIUOMA 
L I P U R I  
L I?OSIRCOnA.  I N V A S I V E  
MIXED YUn0Re RALIGNANT 

U R I N A R Y  SLAOOER 
TRAHSIT IONAL-CELL  PAPILLOMA 
TRAUSIT IOUAL-CELL  CAICIMOMA 
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X X 

X 

X X x x  

X 

X 
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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) 

S K I N  
SQUAMOUS CELL  PA?ILLOMA 
SPUAMOUS CELL CARCINOMA 

BASAL-CELL  CARCII IOIIA 
SEBACEOUS AOEIIOMA 
SEBACEOUS AOEIIOCARClIIOMA 
KERATOACANTHOMA 
CIBROSARCOMA 

BASAL-CELL runon 

* . ~ C * * . * * * * * + * * * . ~ * * * * + *  

X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X X 
X 

w i e e m  . . . . . . . . . . . . . . . . . . . . . . . .  
I I (TERSTIT IAC-CELL  TUIIOR. METASTAT 
SARCOMA. NOS 
HCIIANGIOSARCOMA X 
RONOCYTlC L E U K W I A  

ORAL C A V I T Y  
SQUAMOUS CELL  PI?ILLOMA 
SQUAMOUS CELL  CARCINOMA 
KCRATOACANTHOIIA 

SAL IVARY GLAND 
SARCOMA. NOS 
FI1ROSARCOMA 
PIIROSARCOMA. r w A a r v e  

WCOPLASTIC NonuLC 
L I V E R  

HEPATOCELLULAR CARCINOIIA 
F I I IOSARCOMA,  METASTATIC  
L IPOSAICOMA.  METASTATIC  

I I L C  DUCT 

O A L L 8 L A O D E I  i C O m O N  B I L E  DUCT 

?ANCIEAS 
ACINAR-CELL ADENOMA 
A C I N I I - C E L L  CAIC INOI IA  

ESOPIIAOUS 

STOMACH 
AOENOCIRCINOMA. NOS 

SMALL I N T E S T I N C  
AOEHOMATOUS POLY?. NOS 

S IOHET R I N D  CARCIHOMA 
nucinous CYSTAOENOCARCIWOMI 

L C I O P I Y O ~ ~  
LEIOMYOSARCOMA 

LARG€ I N T E S T I N E  
IOEIIOMATOUS POLYP, NOS 

KIDNEY 
TUBULAR-CELL IOEIIOCARCINOMA 
TUBULAR IOEHOCARCIHORA X  
L IPORA 
LIPOSARCORA. I I I V A S I V E  
M I X E D  TUMOR. n A L I G N A N l  

i 
URINARY BLADDER 

TRAI+S lT lOHAL-CELL  PAPlLLOMA X 
TRANSIT IOI IAL-CELL  CARCIHORA 

Chrysotile Asbestos, NTP TR 295 188 

TOTAL 
ISSUE1 
TUMOR9 - 

210. 

I 
! 
? 

I 9  
I 

2 5 # B  

I 
I 
1 

I I  

1 
? 



TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSO’IILE ASBESTOS: INTERMEDIATE-RANGE (Continued) 

X X x x  x x  
x x  x C-CELL AOEnOMA 

x x  I I  
x x  x x x  x X 

7.9 I a t  I 

I n  n n M n M n n n n M n n n n II W n n II n n n n n1 z i o r i  
II 

? A l A O A n O L I O n  
PARAOAWOLIOUI ,  NOS I 

TESTIS 
!!:::::::!::::::! UALIO)lAM.. 

CARCIMOUA. NOS 
AOENOUA. NOS 

WJAROUS CELL CALCII(0MA 

P R O l T A T E  

r c w s  

E C I O I O Y U I S  
LlPOSARCOMA 

. * * * * . * ~ * ~ * . ~ ~ * * * * * * + + + * *  250 
x x x x x x x x X x x  X X X X X X X X X X X X  237 

. , * r * ~ ~ * ~ . + ~ ~ * , * . ~ * ~ ~ 4 ~ ~ t  I*( 
2 

X 3 

n II n II n n II n n n W n n M n N n II n M n n n N n 2IO.I 

n n W n il n n n n n n M II n M M n n n n n n n n n z w n i  

n n n n n n n n n n n N n n n n n n II M N N ii N n t 5 W I  

1 

X 
I 

I O I Q O S E  T I S S U l  I 

HEAD nos 
SARCOMA. mas I 

I 

n I X E D  MESENCHYUAL TUUOl. f l A L I G N A Y  

ICROTUU NOS 
?E5OIHELIOMA.  n A U P M A N 1  

X n I X E D  MESENCHYUAL TUUOl. f l A L I G N A Y  

ICROTUU NOS 
?E5OIHELIOMA.  n A U P M A N 1  
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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 PLUS 13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE 

A I U I I A L  
NW8IR 

NICK5 ON 
STUOY 

L f V R  
NIOCLASIIC MOWLC 
NCPATOCCLLULAR CARCIM(U 
CIBROUS HI51IOC110RA~ WTASIAIIC 
LI?OIlA 
LXCOSARCW 

BILC we1 
OALLBLADDII I C m  SXLC DUCT 

?ARCREAS 

C S W A W S  

ACINAR-CELL A D U O I U  

simacn 

x x  I 
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TABLE 83.  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDLATE-RANGE PLUS 1.2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

ADIII (AL 
COnrrUL A r n O ( I 1  cncoQuoRwrm 

m o r 0  . + . + + , * , , + b b * , b + b + , + b b b , ,  
COLLICULAR-CCLL A O U 0 1 1 1  X 
COLLICULAR-CCLL CARCINEMA X X X 
C-CELL A O € N O U I  X X X 
C-CUL CARCINEMA 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

INTERMEDIATE-RANGE PLUS 14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

LIvm 
M I O I L A S T I C  NOWLI 
WCPATOCCLLULAR CARCXNWA 
FIBROUS WXSTXOCYTMAI MCTASTAlXC 
LXCOMA 
LICOSARCOIU 

SALIVARV OLAWO 
CARCINOMA. NOS 
SARCOMAI MI 

+ + + + + + . + , . + + + + + + + + + * + * * + +  
x x  

Y 

LAROC INTCSTINI  
ADCNOCARCXNo11A~ NOS 
ADINOIATOUS C O L I I ,  NOS 
ADCNOCA I N  AOWOIUTOUS COLYP 
M C I N O U I  CYlTAO~NOCARCINOMA 
WCINOUS CYSTADINOCA. RITASTATIC 
SIONRT RXMO CARCINOMA 
MISOTHILIOMA. MITASTATIC 

+ + + + + + + + + b b * * + + + + b + * + . . . .  

X X x x  
X X X X 

X 
I 
I t 
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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 PLUS 14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOllLE ASBESTOS: 

INTERMEDIATE-RANGE PLUS 1.2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

ORAL CAUITY 
S W M O U I  SILL P A C I L L W  

$ALIVARY OLAUO 
CARCINOMA. MO) 
SARCOMA. MO1 
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TABLE 8 3 .  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 

INTERMEDIATE-RANGE PLUS 1.2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

THYROID 
C O L L I C U L A I - C I L  A O U O I l A  
COLLICULAR-CELL C A R C I N M A  
C-CELL 4 0 I l O l A  
C-CILL U R C l N M A  

X ; + + + + +  
* * + * + + + * * * * * * * + + * * *  

X X X 
I x x  

M M M M M M M M  M M M M M M I M M M M M M M  

X 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

INTERMEDIATE-RANGE PLUS 13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

Chrysotile Asbestos, NTP TR 295 
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x x  
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X 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE HATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

INTERMEDIATE-RANGE PLUS 13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

AWIhAL 
I W I D U  

YI€Kl ON 
STUDY 

I 

A D I E U A L  
CORTICAL I O D H U A  
PWEOCHRoIIoCYTOf4A 

COLLICULAR-CELL AOCMOLA 
COLLICULAR-CUL CA8CIYMA 
C-CELL ADINOhA 
C-CUL URCINW 

T M O I O  

P A I A I M O I D  
PA*QUIIC ISLCTI 

ISLET-CUI ADLllOhA 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X X 

X X 

. * * * * * * * * *  * + + + + - b b b b * +  6 , .  

* * * . * * ~ * ~ * * * * c I * * * * * * + * * ~  

X 

X 
X X x x  
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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 PLUS l&DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

S l L E  DUCT 

O I L L U A O D I I  b EDI110* l l b f  DUCT 

P I I C R U S  
I C I N I R - C U L  I O U W  

noc*uu1 
STOIucI( 

W A L L  1NTESTINE 
IOK*QCIICIWOIU. NOS 
MUCINOUS C Y I T I O E I O C I R C I * Q U  
SIWIET RINO C1RCINoIlI 

L A I O I  IWTESll11E 
I o C n O C I I c I n M I ,  NOS 
ADCNMAIOUS ?OLW. W01 
AOEWOCI 111 IOCNOU1TOUS POLYP 
IWCIYOUS CYSTADCNOCIICINOMI 
MUCINOUS CYSTIOC110CA~ 1CTIST1TIC 
SX011ET n1no CInCtnwI rlcsorncixm. MCTISTATXC 
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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 PLUS l,%DIMETHYLHYDRAZZNE DIHYDROCHLORIDE (Continued) 

I 21 I I  I I  .I I I  j 
I 
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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 PLUS 18-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

AMIflAL 
MUM811 
Y I I I K I  ON 
ITUDY 

Chrysotile Asbestos, NTP TR 295 
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x x  

200 



TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 

INTERMEDIATE-RANGE PLUS 1,IO-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Contlnurd) 
STUDY OF INTERMEDIATErnRANGE CHRYSOTILE ASBESTOS: 

W L T I P L C  O I O A I S  NO¶ 
AOOIOCARCIHOIIA. HOS. MCTASTAlIC 
MUCIHOUS C Y I T A O I H O C A ~  MITASTATIC 
9IOHRT I I I 0  CARCIHOMA. RETASTATIC 
SARCOIIA, NOS, I I V A S I V C  
CIBROUI HIlTIOCYTOMA~ MCTASTATIC 
MCSOTIELIMA,  RITASTATIC 
MALIO.LWHORAe H I $ T I O C Y T I C  TWE 
MYCLOMOHOCYTIC LCUKOlIA 
MOHOCYTIC L N K O l I A  
L C U K B I A .  MOWOWUCLUI CELL 

W N I O P I B R O S A I C M A  

PIBIOUS IISTIOCYTMI. H A L I O Y A I T  , 

MUCINOUS CISTAOIMOCA. MCTASTATIC 

COCCYOEAL RCOIOW 

AXILLA I O ¶  

ADIPOSI TISSUC 

I 

* Y Y I I I N * I I n I I I * * I * * I I w * l *  

X 

x x  X x x  x x  X X 

- 

. . . . . . . . . . . . . . . . . . . . . . . . .  
I I N 

U 

. . . . . . . . . . . . . . . . . . . . . . . . .  
U Y  U Y Y 

1 Y 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS 18-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

NASAL CAVITY 
S W M U S  C U L  ULeI*QU. INVISZV 

L W I I  MODIS 
CARCINOMA. NOS. IMVASIVE 
CARCINOMA. NOS.  ETAS STATIC 
M C I N O U S  CYSTADMOCA. I I ITAST4TIC 
SARCMA. NOS, METASTATIC 

I 

X X 

I 
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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 PLUS l&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 

S K I N  I + * + + t + * * + + + + + * + + + + + + + * + * 4 '  
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA X 
KERATOACANTHOMA X X 
FIBROMA 

LUNGS AND BRONCHI 
SQUAMOUS CELL CARCINOMA 
SQUAMOUS C E L L  CARCINOMA. METASTAT 

*I + + t t + + + + t t + 4 + + + + + + * + + + 4 t  

X 

X X 
X X 

I 

X 

KESPIRATORY SYSTEM 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

TRACHEA 

HEMATOPOIETIC SYSTEM 

BONE MARROW 

SPLEEN 

LYMPH NODES 

THYWUS 

HEART 

C-CELL CARCINOMA, METASTATIC 

CIRCULATORY SYSTEM 

D I G E S T I V E  SYSTEM 

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

~ + - * + * + * + * + 4 + + * t * + + t + * + * * +  

* * + + * + + + + + + + + * + + + + * + + * + * +  
+ * + + * * * ~ * * + * * * * + + * * * , * * * ,  
* * * + * - + + + * * * + + * + - * * 4 - + t + *  

* * * * t * * * * t + * + * + + * * * * * + + 4 +  

ORAL C A V I T Y  

S A L I V A R Y  GLAND 

SQUAMOUS CELL PAPILLOMA 

URINARY SYSTEM 

K I D N E Y  

EP 

L I V E R  
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
MONOCYTIC LEUKEMIA 

+ + * + + + * * * + + * * * * + * + + + * * * + + ~  
+ + * + + + + + + + + * + + * + + + + * + ~ * * + ~  

B I L E  OUCT 

GALLBLADDER L COMMON B I L E  D U C l  

PANCREAS 
ACINAR-CELL ADENOMA 
MESOTHELIOMA, METASTATIC 

ESOPHhGUS 
FIBROSARCOMA 

STOMACH 
PlESOTHELIOMA. P lETASTATIC 

SVALL I N T E S T I N E  
L E 1  OMYOMA 
LEIOMYOSARCOWA 

LARGE I N T E S T I N E  
AOENOMATOUS POLYP. NOS 
LEIOtlYOSARCOMA 

N R N N N N N N N N N N N N N N N N N N N N N N N  

+ + * + * + + + 4 * + + * + + + + + + * * t t * +  

* + + + t * + + + * + * + + * + + * + * + + + * +  

I X 

+i / * * + + + * * * + * + + + + + * + * + + + + + +  
X X I 
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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 AND PREWEANING GAVAGE (Continued) 

ANIMAL s s s s s s s s s s s s s s s s s 5 s s s s ~ s ~  
NUMBER 4 4 4 4 S S S S S S S S S S 6 6 6 6 6 6 6 6 6 6 7  

6 7 8 9 0 1 2  3 4 5 6 7 8 9 0 1 2 1 3  4 S 6  7 8 
WEEKS ON 1 1 1  1 1 1  1 1 1 1 1 1  O l l l l t  t l t l  1 

9 0 
0 1  0 

P I T U I T A R Y  
CARCINOMA. NOS 
ADENOMA, NOS 

CORTICAL ADENOMA 
PNEOCHROMOCYTOMA 

ADRENAL 

STUDY 2 2 2 s I O . l 4 / 4  3 2 4 1 9  11 1 1 1 ' 2 ' 0  1 
8 t 7 8 8 8 4 3 4 2 2 8 0 4 9 8 6 9  

+ + + + + ~ t t t ~ + + t + ~ t t ~ t t t t t +  

x x  X X x x  
+ k + + + t + + t t t t t + + + t t t + ' t t t t t  

0 1 0 1 4 0 41  3 1 1 1 7 1  81 SL 

THYPOIB I +  + t + + 4 4 + + + + t + * +  + + t + + + + + + tI . . . . .- - - - 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL AOENOMA 
C-CELL CARCINORA 

X 

x x  
X x x  X X X X X 

PARATNYROID + ~ + + t t - + t t + + t + + t + t t + t t t - ~  

T E S T I S  

PROSTATE 

SEMINAL V E S I C L E  

I N T E R S T I T I A L - C E L L  TUMOR 

SQUAMOUS CELL CARCINOMA 

PANCREATIC I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

+ + t + t t + + t t t * ~ t + t * t t t t t t + t  
X X x x X X X X X X X X X X x X X x X X x x x  

t + t + t t t + t 4 + t + t t t t t t t t t t + t  

t N t + N N 4 N + + + + N N t N N + N N N N t N N  

+I + + + + + + t + + * + + t t * t t * * t t t + +  
X 

X 

~ O O U C T I V E  SYSTEM 

B R A I N  
CARCINOMA, NOS. I N V A S I V E  
GRANULAR-CELL TUMOR, NOS 
ASTROCYTOMA 

S P E C I A L  SENSE ORGANS 

LYRBAL GLANO 
swAnous CELL CARCINOMA 

MUSCULOSKELETAL SYSTEM 

NANNARY GLANO 
ADENOMA. NOS 
FIBROADENOMA 

+ + + t t t + + + + t + + + + t + t t t t t k +  

t ~ ~ + * ~ ~ ~ + ~ + 4 t t t ~ t + + t t t t t 4  

BONE 
SQUAMOUS CELL CARCINOMA 
SARCOMA. NOS 

RHABDOMYOSARCOMA 
RUSCLE 

BODY C A V I T I E S  

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  
X 

P R E P U T I A L / C L I T O R A L  GLAND 
CARCINOMA, NOS 

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  

N N N N N N N N N N + N N N N N N N N N N N N N N  

TUNICA V A G I N A L I S  
MESOTHELIOMA. NOS 
PIESOTHELIOPIA, MALIGNANT 

ALL O T m  S YSTEMS 

ti 
+ t + t + t + + * + + + t t * + t * + t t t t t  

I X x x  

PERITONEUM 
OSTEOSARCOMA 
CHONOROZA 

A X I L L A  NOS I 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

A N I M A L  
NUMBER 

STUDY 
S ON 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ~ .  

I 1 1 1 1 ’  l l O l 1  1 1 0 1 0 1 1  1 1  0 I ’  

7 7 7 7 7 7 7 7 7 a a a a a a a a a a 9 p p ~ o p  

4 2 2 3 4  i 4 2 4  I J f 0 4  9 2 5  3 2  J f z l a s  

S K I N  
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 
KERATOACANTHOMA 
FIBROMA 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4  
X x x  

X 

. . -. . . . . - . . -. . . . . . . - 
SARCOMAI NOS 
FIBROPIA 
FIBROSARCOMA 
RHA~DOMYOIARCOMA 
OSTEOSARCOHA 
NEUROFIBROMA 

BONE MARROU 

SPLEEN 

LYMPH NODES 

THYMUS 

C-CELL CARCINOMA. M E T A S T A T I C  

LUNGS AND BRONCHI  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4  
SQUAMOUS C E L L  CARCINOMA 
SQUAMOUS C E L L  CARCINOMA, PIETASTAT 

~ 4 4 4 4 4 4 + 4 + 4 4 + 4 4 4 4 4 4 4 4 4 4 4 4 4  

~ * + 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4 4 + 4  

4 4 4 4 4 4 4 4 4 4 + + 4 4 4 + 4 4 4 4 4 4 4 4 4  
X 

4 4 4 4 + 4 4 4 4 4 - 4 + 4 4 - 4 4 4 4 4 4 4 4 4  

TRACHEA I 4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 + 4 4 4 + I  

HEART 4 + . +  4 4 . 4  + + 4 + 4 4 4 4 4 4 4 4 4 4 4 4 4 4 41 

U R I N A R Y  5 Y S T E i l  

K I D N E Y  

UR-€R 

I N N N N N N N N N N . N  N N . N  N N N N N N N N N N N1 

+ + 4 4 4 4 4 * 4 + 4 4 4 + 4 + + 4 + 4 4 + 4 + +  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

ORAL C A V I T Y  
SQUAPIOUS C E L L  P A P I L L O M A  

S A L I V A R Y  GLAND 

L I V E R  
N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCINOMA 
MONOCYTIC L E U K E M I A  

B I L E  DUCT 

GALLBLADDER L COPIMON B I L E  DUCT 

PAN CR E A 9  
A C I N A R - C E L L  ADENOMA 
MESOTHELIOMA. P I E T A S T A T I C  

ESOPHAGUS 
FIBROSARCOMA 

STOMACH 
NESOTHELIOMAS P I E T A S T A T I C  

SMALL I N T E S T I N E  
L E 1  OMYOMA 
LEIOMYOSARCOMA 

LARGE I N T E S T I N E  
ADENONATOUS POLYP. NOS 
LEIOMYOSARCOMA 

4 4 4 4 4 + 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 + 4 +  

X 
X 

~ ~ _ _  ~~ ~ ~ ~~ 

+ 4 4 4 4 4 4 4 4 + 4 4 4 + 4 4 4 4 4 4 4 4 4 4 4  

N N N N N N N N N N N N N N N N N N N N N N N N ~  

4 + 4 4 4 4 4 4 4 4 4 4 * 4 4 4 4 4 4 4 + 4 4 4 4  
x x  x x  X 

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

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 4 ~  
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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 AND PREWEANING GAVAGE (Continued) 

A N I M A L  5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 s  
NUMBER 

STUDY 

7 7 7 7 1 7 7 1 7 a a a a a a a a a a 9 9 9 9 9 9  la 3 4 5 1 7 a 9 0-  2 J 4 s 6 7 a+++++a-L. 
4 1 2  0 1 3  4 i 4 2 4 1 3  t o / o  9 1 z  5 1 3 1 2 :  3 t 2 a 1 3  
~ 2 2 4 4 4 9 4 4 a q o  1 0  4 2 4 7 1 5 1 9  0 2  2 4 a ,  

1 
T 1  1 7  1 1 1  1 7 - 7 - r  1 7 7 -  1 T - i - a  

INOOCRINE s Y S T B  

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

P I T U I T A R Y  
CARCINOflA, NOS 
ADENOMA. NOS 

C O R T I C A L  AOENORA 
PHEOCHROMOCYTOMA 

ADRENAL t t t t + + + t t t t t t t t t t t t t t t t + t  

X X X X x x  X 

t t + t + t + t t t t t t t t t t t t t t ~ ~ t t t  

X 
X X 

x x x  c 

ZYMBAL GLAND 
SQUAMOUS C E L L  CARCINOMA 

MUSCULOS K E L E T A L  SYSTEM 

BONE 
SQUAMOUS C E L L  CARCINOMA 
SARCOMA, NOS 

RHABOOMYOSARCOMA 
MUSCLE 

bODY C A V I T I E S  

PARATHYROID t + t t t + t t t t - t t t t t t t t t t t t + t  

+ + + + + + + + t + * + t + + + + t * * t t t + t  
X X 

N N N N N N N N M N N N N N X N N N N N N N N N N  
X 

N N N M N N N N N N M N N N N N N N N M N N N N N  

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

HEAD NOS 
F I B R O U S   HISTIOCYTOMA^ M A L I G N A N T  . 

O R B I T A L  R E G I O N  
OSTEOSARCOMA 

A X I L L A  NOS 

t + + t + + + + + t t + + t t t + t t + t t t t t  

N t + t t + N t + t + t t + 4 N t + t t + t t + t  

F I ~ R O A O E N O M A  

I N T E R S T I T I A L - C E L L  TUMOR 

SQUAMOUS C E L L  CARCINOMA 

SQUAMOUS C E L L  CARCINOMA, I N V A S I V E  

T E S T I S  

PROSTATE 

S E M I N A L  V E S I C L E  

X 

P R E P U T I A L / C L I T O R A L  CARCINOMA, NOS QLAND ~ N N N N N N N N N M N N N N N N N N N N N N N N N  

P ER I TON CUM 
OSTEOSARCOMA 
CHONOROHA 

T U N I C A  V A O I N A L I S  
MESOTHELIOMA, NOS 
MESOTHELIOMA. MALIGHANT 

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  

X 

+ t t t t + t t + + t t t t t t + t t t t t t t  
X 

X 
I 

A L L  OTHER S YSTEMS 
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TABLE 88, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
BTUDY OF INTERMEDIATE-RANGE CHRYSOTILE ABBE8T08: 

INTERMEDIATE-RANQE AND PREWEANING QAVAGE (Continued) 

STUDY 

lKIN saumoua ceii PAPWONA 
SQUAMOUS CILL CARCINOMA 
KLRATOACANTHONA 
FIBROMA 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X x x  

I 
RESPIRATORY s YSTEM I c 

LUNGS A N 0  BRONCHI  
SQUANOUS C E L L  CARCINONA 
SQUANOUS C E L L  CARCINONA, NETASTAT. 

t t + t t t t t t + t t t ' t t t t t t t t t t 4 t  

TRACHEA 

H E M A T O P O I E T I C  S YSTEM 

BONE NARROW 

SPLEEN 

LYMPH NODES 

THYMUS 

C-CELL CARCINONA, N E T A S T A T I C  

t t t t t t t t t t t t t t t t t t t t t t t t t  

. , t  t t t t t t t t t t t t t t t t t t t t t t 4 t 

t t t t t t t t t t t t t t t t t t t t t t t t t  

t t t t t t t t + t t t t t t t t t t t t t t t t  

t t t t t t t t t t t t t t - t t t t t t t t t -  

\ N N N N N N N N N N N N N N N W N N N N t j N N N N /  

HEART 

a I G E S T I V E  SYSTEM 

ORAL C A V I T Y  

S A L I V A R Y  GLAND 

L I V E R  

SQUAMOUS C E L L  P A P I L L O N A  

N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCINOMA 
MONOCYTIC L E U K E M I A  

B I L E  DUCT 

GALLBLADDER 8 COMMON B I L E  DUCT 

PANCREAS 
A C I  N A R- CEL L A DEN OM A 
MESOTHELIOMA, M E T A S T A T I C  

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  
L E 1  ONYOMA 
LEIOMYOSARCOMA 

LARGE I N T E S T I N E  
ADENOMATOUS POLYP, NOS 
LEIONYOSARCOMA 

FIBROSARCOMA 

NESOTHELIONA,  N E T A S T A T I C  

t t t t t t t t t t t t t t t t t t t t t t t t t  

I 
t t t t t t t ~ t t t t t t t t t t + t t t t + t t  

* t t t t t t t t t t t t t t t t t t t t t t t t  
X 

~ t t t t t t t t t t t t t t t t t t t t t t t t t  

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 .  

t t t t + t t t t t t t t t t t t t t t t t t t t  
x 

I 
t t t t - t t t t t t t t t t t t t t t t t t t t ~  

X 

+ t t t t t t t t t t t t t t t t t t t t t t t t  

URINARY SYSTEM 

K I D N E Y  

/ t t t t t t t t t t t t t t t t t t t t t t t t  t l  

~ t t t t t * t t t t t t t t t t t t t t t t + t t  

I 
+ t t t t t t t t t t t t t t t t t t t t * t t t ~  

I 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LJFETIME FEED 
STUDY OF INTERMEDIAT&RANGE CHRYSOTILE ASBESTOS8 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Contlnurd) 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
P O L L I C U L A R - C E L L  CARCIMOMA c - c w  ADENOMA 

P I  T U  IT ARY 
CARCINOMA, NOS 
ADENOMA. HOS 

+ + + * + * + + + + + + ~ + + + + + + + * + + + +  
x X 

X X X 

M U L T I P L E  ORQANS NOS 
MELOTHELIOMA,  M E T A S T A T I C  
OlTEOSARCOflA, M E T A S T A T I C  
M A L I O . L Y f l P N O M A ~  H I 5 T I O C Y T f C  T Y P E  
MONOCYTIC LEUKEMIA 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I s L E T - c e L L  CARCINOMA 

N N N N N N N N N N M N N N N N M H N N N M N M M  
X 

X 

Y Y X Z Z 

?ARATHYROID 

+ + + + + + + + + + + + + * + + + + + N + + + + +  

T w I S  

SQUAMOUS C E L L  CARCINOMA 

I N T E R S T I T I A L - C E L L  TUMOR 
?ROSTATE 

SEMINAL v e i I c L e  
SQUAMOUS C E L L  CARCIMOMA, I N V A S I V E  

HEAD N 0 5  

O R B I T A L  R I O I O N  

A X I L L A  NOS 

F I B R O U S  H I S T I O C Y T O M A ,  MALIONANT . 
OSTEOSARCOMA X 

I 

IBROMP. 

+ * + + + + + + ~ + + + + + + + + + + + + + + + +  

oua CILL C A R C ~ N O M A  

N N N N N N N N N N N  

N N N M N N N N N M N N N N M N N N N N N N N N N  

X - 

T U N I C A  V A O I N I L I )  
M E $ O T H E L I O M A ~  NOS 
M E S O T N E L I O A A ~  M A L I O N A N T  
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSO'LILE ASBESTOS 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

BONE MARROY 

SPLEEN 

LYMPH NODES 

THYMUS 

C-CELL CARCINOMA, METASTATIC 

CIRCULATORY SYSTEM 

SKIN  t t t t t t t t t t t t t t t t t t t t t t t t t  
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
KERATOACANTHOMA X 
FIBROMA X 

. t  t t t t t t t t t t t t + t t t t + t t t - t t pa 

, t t  t t t t t  t t t t  t t  t t + t t  t t  t t  - t t  9 9  

+ t t t t t t t t t t t t t t t + t t + t + t t +  100 

t - t t t t - t t t t - t t + - t - t t t t - + +  a i  
1 ,. 

I I 

t t t t t t t t t t t t t t t t t t t t t t t t  
x 

X 
X 

X 

X 

HEART 

DIGEST1 VE SYSTEM 

1oow 
2 
1 
1 
5 

1 1  
1 

1 : I  

t t t t t t t t t t t t t t t t t t t t t t - t t  99 

LUNGS AND BRONCHI t t t t t t t t t t t t t t ~ t t t t t t t t - t t  
SQUAMOUS CELL CARCINOMA 
SQUAMOUS CELL CARCINOMA, METASTAT. X X 

X 

t t t t t t + t t t t t t t t + t t + t t t t t ~  

TRACHEA I t  t t t t t t t t t t t t t t t t t t t t t - t t i  9 9  

i m a l T m E T I C  s YSTEM I I 

t t t t t t t t t t t t t t t t t t t t t t - t t  

t . t  t t t t t t t t t t t t t t t t t t t t t t t 

9 1  

100 
1 .  

I 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 (  l o o t \  ORAL CAVITY 

SALIVARY GLAND 

SQUAMOUS CELL PAPILLOMA 

L IVER 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
MONOCYTIC LEUKEMIA 

B I L E  DUCT 

GALLBLADDER COMMON B I L E  DUCT 

PANCREAS 
ACINAR-CELL ADENOMA 
MESOTHELIOMA. METASTATIC 

ESOPHAGUS 
FIBROSARCOMA 

STOMACH 
MESOTHELIOMA, METASTATIC 

SMALL IHTlESTINE 
L E 1  OMY OMA 
LEIOMYOSARCDMA 

LARGE INTESTINE 
ADENOMATOUS POLYP, NOS 
LEIOMYOSARCOMA 

I 
t t t t t t t - t t t t t + t t t t t t t t - t t  9 1  

I 

t t t t t t t t t t t t t t t t t t t t t + t t  
X X I 

*I 99? I t t t t t t t t t t t t t t t t t t t t t t - t  I X X 

~ t t * * t t t t t t t t * t t t t t t t t t t t  X l o o !  I 
* /  loo: 1 t t t t t t t t t t t t t t t t t t t t t t t t  I 

I I 
URINARY SYSTEM I t 

KIDNEY 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE LIFETIME FEED 
Sl'UDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

ANIMAL 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 1  6 6 6 6 6 6 6 6 6 6  
2 2 2 2 2 2 2 2 2  3 3  3 3 3  3 1 3  3 3 3 4 4 4 4 4 
1 2 3 4 5 6 7 6 9 1  1 2 3 4 5 1 6  7 8 9 0 1 2 3 4 

NUMBER 

UEEKS ON 1 1 0 0 1 1  1 o o I i i i 1 1 i 1 1 i i 
STUDY 1 21 3 a l  7 31 2 1 i i 3 3 3 4 ij 2 ,  1 o o ,  2 41 2 ,  i s a  

4 
5 .  TOTAL 
O'TISSUES 
a,  TUMORS 

P ITUITARY 
CARCINOMA, NOS 
ADENOMA, NOS 

ADRENAL 
CORTICAL AOENOMA 
PHEOCNROMOCYTOMA 

t t t  4 t 4 t + 4 t 4 t t t + 4 t t t t 4 4 4 4 

X X x x  
4 t * t t t t t t t t t 4 + + t t 4 4 + 4 t + t t  

X Y x x  x x  X X X 

100 I 
1a 

100 
1 1  

3 
2 

FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 

C-CELL CARCINOMA x x  X 23 

. . . . . . - - - 
X 

C-CELL ADENOMA X X 9 

I 

* t t t * t t t t t t t 4 4 4 4 4 4 + + t 4 - 4 4  PANCREATIC I S L E T S  

X 
ISLET-CELL AOENOMA 
ISLET-CELL CARCINOMA 

REPROOUCTI VE SYSTER 

PARATHYROID * * t t t t + t 4 4 4 t t t - t t - t + 4 + - t 4 l  93 

9 9 1  
5 
6 

I 

ZYMBAL QLANO 
SQUAMOUS CELL CARCINOMA 

MUSCULOJKELETA L SYSTEM 

MAMMARY GLAND 
ADENOMA, NOS 
FIBROADENOMA 

INTERSTIT IAL-CELL  TUMOR 

SQUAMOUS CELL CARCINOMA 

TESTIS  

PROSTATE 

I 
t t t t t 4 t t t t t t t 4 + t 4 t 4 4 t t + t 4 l O O * I  

X 3 1  

N N N N N N N N N N N N N N N N N N N N N N + N N BONE 
SQUAMOUS CELL CARCINOMA 
SARCOMA, NOS 

RHABOOMYOSARCOAA 
N N N N N N N N N N N N N N N N N N N N N N N N 4 MUSCLE 

BODY C A V I T I E S  

1 0 0 *  
2 
1 

l O O *  
1 

PERITONEUM 
OSTEOSARCOMA 
CHONDROMA 

HEAD NOS 
FIBROUS HISTIOCYTOMA, MALIGNANT . 

ORBITAL REGION 
OSTEOSARCOMA 

AXILLA NOS 

TUNICA V A G I N I L I S  
MESOTHELIOMA, NOS 
MESOTNELIOMA. MALIQNIHT 

1 

1 

1 ,  

I 4 . N  N N N N N N N N N N N N N N N N N N N N N N N l O O I  
X 1 

1 
I 

4 4 + + t + * 4 + * 4 4 + t * 4 4 4 + 4 4 t t t  I _ . ~  ~~ . 
I I 

ALL OTHER SYSTEMS I I t 

21 1 Chrysotile Asbestos, NTP TR 295 



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS UNTREATEDCONTROL 

LUNGS AND BRONCHI  
ALVEOLAR/BRONCHIOLAR CARCINOMA 
PHEOCHROMOCYTONA. M E T A S T A T I C  
SARCOMA. NOS. M E T A S T A T I C  
F I B R O U S  H I S T I O C Y T O N A .  M E T A S T A T I C  ., 

S K I N  
SQUANOUS C E L L  P A P I L L O N A  
KERATOACANTHONA 

SQUAMOUS C E L L  CARCINOMA 
SARCONA. NOS 
FIBROMA 
FIBROSARCOMA 
F I B R O U S  H I S T I O C Y T O M A r  M A L I G N A N T  

SUBCUTANEOUS T I S S U E  

t t t t t t t t t t t t t t 4 t t t t t 4 4 t t t  

r 

AESPIRATORY STSTM t 

TRACHEA 

BONE MARROW 

SPLEEN 

LYNPH NODES 

THYNUS 

HEMANGIOSARCOMA 

EXRCULATORY SYSTEM 

4 t 4 t t t t t t t t t t t t t t t t t t t t 4 t  

. t t t t 4 t t t t t + t t + t * t t t 4 t t 4 4 t  

t t t t 4 t t 4 t t t t ~ t t 4 4 t t t t t 4 t t  

~ t t t t t t t t 4 t t t t t t t t t t t t t 4 4 t  

X 

t t t t - t 4 * - t * - t t t t t t t t t t t t 4  

HEART t t t t 4 4 t t 4 t t t 4 t t t t t t t t 4 t t t  

ORAL C A V I T Y  H H N H H N N N H M H N N H N N H N N H N N N N N  

S A L I V A R Y  GLAND 

L I V E R  t t t t 4 t t t 4 t t t 4 4 t t t t t t t + t 4 t  

SQUAMOUS C E L L  P A P I L L O M A  

SQUAROUS C E L L  CARCINOMA. I N V A S I V E  
N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCINOMA 

B I L E  DUCT 

GALLBLADDER L COMMON B I L E  DUCT 

PANCREAS t t t t t t t t t t t t t t t t t t t t 4 4 t t 4  
ACINAR-CELL ADENOMA 
HERAWGIOSARCONA 

ESOPHAGUS 

STOMACH 
SQUANOUS C E L L  CARCINOMA 

LEIOMYOMA 
S N A L L  I N T E S T I N E  

LARGE I N T E S T I N E  t + t t + t t t t t 4 t t t t t t t t t t t t + +  

I U R I N A R T  5 T 5 l E f l  

K I D N E Y  TUBULAR-CELL ADENOCARCINOMA / ' t ; t t t t t t t t 4 t t t t t t t t t t t t 4 '  I 
L I P C N A  

U R I N A R Y  BLADDER t t t t t t t t t t t t 4 t 4 4 t t t t t t t 4 4 ~  
I L 

t: T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  N I C R O S C O P I C A L L Y  C: NECROPSY. NO H I S T O L O G Y  DUE TO PROTOCOL 
X: TUNOR I N C I D E t I C E  A :  A U T O L Y S I S  
N: NECROPSY. H0 AUTOLYSIS.  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  
5 :  A H I N A L  N I S - S E X E D  B:  H0 NECROPSY PERFORMED 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: UNTREATED CONTROL (Continued) 

O f 2 3 5 5 6 7 8  
WEEKS ON 1 1 1  1 1 1 0  
STUDY 1 2 1 ,  1 2 1 1  3 8 I 2 L l 4  

1 1 1 1  
2 

1 t t t 't t t + t t t t t t + t t t t t t t t t tI  
I 

4 x x x  x x  x x x x  x x x x  

ANIMAL 
NUPIBER 5 1 5  

P I T U I T A R Y  
CARCINOMA. NOS 
ADENOMA, NOS 

CORTICAL ADENOMA 
PHEOCHROVOCYTOVA 
PHEDCHRDMOCYTDNA. NALIGNANT 

AOR EN A L t t * ~ t t * * * t t ~ t t t t t t 4 + t t t ~ t  
X 

I X  x X 

3 3 3 3 3 3 5 5 3 3 3  
6 6 6 6 6 6 6 6 6 

t t t t t t + t t t + t t t t t t + 4 t t t t t t  
X X 

X x x  X X 
I THYROID 

FOLLZCULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL AOENOrlA 
C-CELL CARCINONA x x  X X 

6 1 6  3 5 1 3  

PARATHYROID 

5 5 6 1 3  6 0 

PANCREATIC ISLETS 
I S L E T - C E L L  AOENONA 
I S L  ET-CEL L CARCINOMA 

P R E P U T I A L / C L I T D R A L  GLAND 
SQUAMOUS CELL CARCINOMA 

I + t t t t + t t t t + + t t t t t t t t t + t t +  

I 
X 

I 

REPRODUCTIVE SYSTEM 

t t t t t + t t t t t t t + t t t t t t t t t t  

x x  x x  
X 

x x  X X x x  X x x x x  x x  
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  

MAMMARY GLAND 
CARCINOMA, NOS 
ADEMOXA. NOS 
ADENOCARCIHOMAO NOS 
FIBROAOENOflA 

UTERUS 
L EIONYOMA 
ENDOMETRXAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 

t t t t t t t t t t t t t t t t + t t t t t t t t  

X X 

ASTROCYTOMA 

S P E C I A L  SENSE ORGANS 

EYE APPENDAGES 

ZYNBAL GLAND 

SPUANOUS CELL CARCIHONA 

A 
M u s c u i o W E T A L  s W  

BONE 
OSTEOSARCOMA 

BOOY C A V I T I E S  

+ t t t t t t t t t t t t t t t t t t + t t + +  I OVARY 
THECOMA 
GRANULOSA-CELL TUMOR 

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 l  

t t t t t t t t t t t t t t + N t + t t t t t t t  

X 

X 

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  

M U L T I P L E  ORGANS NOS 
C-CELL CARCINOPIA. METASTATIC 
OSTEOSARCO?lA. METASTATIC 
?lONOCYTIC LEUKENIA 
LEUKEMIA,  MOHONUCLEAR CELL 

THORACOLUNBAR REGION 
OSTEOSARCOMA 

PERITONEUM 
LEIOMYOSARCOMA 

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 ~  

X 
X 

x x x x x  x x  x x x  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS UNTREATED CONTROL (Continued) 

ANIMAL 
NUMBER 

WEEKS ON 
STUOY 

Y SYSTEM 

S K I N  
SQUAMOUS CELL PAPILLOMA 
KERATOACANTHOMA 

SUBCUTANEOUS TISSUE 
SQUAMOUS CELL CARCINOMA 
SARCOMA. NOS 
FIBRORA 
FIBROSARCOMA 
FIBROUS HISTIOCYTOMA, MALIGNANT 

&ESPIRATORY J m M  

LUNQS AND BRONCHI 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
 PHEOCHROMOCYTOMA^ METASTATIC 
SARCOMA, NOS, METASTATIC 
FIBROUS NISTIOCYTOMA. METASTATIC 

TRACHEA 

HEPIATOPOIE~TE-PISTEM 
BONE MARROW 

SPLEEN 
HEMANGIOSARCOMA 

LYPlPH NODES 

THYMUS 

~IRCULATORY SYSTEM 

HEART 
DIGESTIVE SYSTEM 

ORAL CAVITY 
SPUAMOUS CELL PAPILLOMA 

SALIVARY GLAND 

L IVER 
SQUAMOUS CELL CARCINOMA. INVASXVE 
NEOPLASTIC NODULE 
HEPATOCELLULAR'CARCINOMA 

B I L E  DUCT 

OALLBLAODER 8 COMMON B I L E  DUCT 

PANCREAS 
ACINAR-CELL ADENOMA 
HEMANGIOSARCOMA 

ESOPHAGUS 

STOMACH 

SMALL INTESTINE 

LARGE INTESTINE 

SQUAMOUS CELL CARCINOMA 

LEIOMYOMA 

URINARY SYSTEA 

KIDNEY 
TUBULAR-CELL ADENOCARCINOMA 
LIPOMA 

URINARY BLADDER 

X X 
X 

+ t + + 4 + + : + 4 + i : p ~ + p + ~ l  
- + - - + + + + * + +  - - + * -  - + * + +  + 

+ + + * + + +  + 4 +  * + * *  + + +  4 

N N N N N M N N N N N N N N N N N N N N N N N N N  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS UNTREATED CONTROL (Continued) 

NUMBER a a a a a a a 9 9 9 9 9 9 9 9 9 9 o o o o o o o a  
3 4 5 6 7 1 9 0 1 2 3 4 S 6 7 1 9 0 1 2 3 4 5 6 7  

A W I M A L  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

WEEKS 0 N 
STUDY 7 9 1 2  3 3 1 0  4 8  2 

9 t 7 0 3 2 6 9 6 7  0 

t t t t t t t t t t t t t t t t t t t t t t t t t ’  
X 

X x x x x x  x x x x x  x x x  

4 4 4 4 4  4 4 4 1  

0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 l 1 1 1 0 1 0  

S O 6  0 6 4 1 O I 9 6  3 7  0 9 
4 3 0 1 1 3  9 3 3 1 2 / 2  2 8  3 7 

PHEOCHROMOCYTOMA. M A L I G N A N T  

F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

T H Y R O I D  

PARATHYROID 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENONA 
I S L E T - C E L L  CARCINONA 

t t t t t t + t t t t t t t t t t t t t t t t t t  
X 

X 

X X X 

t t - t t t t t t t t t t t t - t t t t t t t t t  

t t t t t t t t t t t t t t t t t t t t t t t t  
X I X X 

P R E P U T I A L / C L I T O R A L  GLAND 
SQUAMOUS C E L L  CARCINOMA 

UTERUS 

NAMMARY GLAND 
CARCINOMA. NOS 
ADENOMA, NOS 
4DENOCARCINOMA. NOS 
FIBROADENOMA 

t t t t t t t t t t t t t t t t t t t t t t + t t  

X 
X x x x x x  X x x x x x  x X 

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  

t t t t t t t t t t t t t t t t t t t t t t t t t  

OVARY 
THECOMA 
GRANULOSA-CELL TUNOR 

NERVOUS SYSTEM 

- . -. . - - 
L E 1  O i l y  OMA 
ENDOMETRIAL STRONAL POLYP X X x x x x x  
ENDOMETRIAL STROMAL SARCONA J 

t t t t t t t t t t t t t t t t t t t t t t t t  

X 

E Y E  APPENDAGES 

ZYNBAL GLAND 

SQUAMOUS C E L L  CARCINOMA 

RCINOMA 
MUSCULOSKELETAL SYSTEM 

BONE 
OSTEOSARCONA 

BODY C A V I T I E S  

PER I T  ONEUN 
LEIOMYOSARCONA 

A L L  OTHER SYSTEMS 

t t t t t t t t t t t t t t t t t t t t t t t t  
X i B R A I N  

CARCINONA. NOS. I N V A S I V E  
ASTROCYTOMA 

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 ’  

t t t * t t t t t t t t t t t t t t t t t t t t t ~  

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  
X 

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  
X 
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A f I I M A L  4 4 4 4 1 1 ~ 1 4 4 4 4 4 4 ~ 4 $ ~ 4 9 ~ ~ 4 4 4 ~  
NUMBER 0 0 1 1 1 1 1 1 1 1 1 1 2 2 1 2 2 2 2 2 2 2 s ~ s  

- p B F l ( r w z 1 1 2 1 z s 1 0 D 1 9 0 J 2 1 1 2 J 2 2 1 2 ~ 2  STUDY 
I 1  1 I 1  I 1  I '  

S K I N  
SQUAMOUS C E L L  P A P I L L O M A  
KERATOACANTHOMA 

+ + + + ; * + * * + * + + + + + 4 + + * + + + + +  
X 

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOMA 
SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 
F I B R O U S  HISTIOCYTOMA,  MALIONANT 

+ + + + + * + + * + + t + + + + + + + * + + + + +  

X 
X 

X 

B I L E  DUCT . . . . . . . . . . . . . . . . . . . . . . . .  
O A L L l L A O O l R  I COMRON B111 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  

LUNOS A N 0  BRONCHI  
ALVEOLAR/BRONCHIOLAR CARCINORA 
PHEOCHROMOCYTOMAP M E T A B T A T I C  
SARCOMA, NOS, M E T A S T A T I C  
F I B R O U S  H I S T I O C Y T O M A e  M E T A S T A T I C  

P A N C R I A S  
A C I N A R - C E L L  AOINOMA 
HLMANQIOBARCOMA 

+ * + + + + + + + + + + + + + + + * + ~ + + + + +  
X 

X X 
X 

Y 
r 

BONE MARROW 
BP L CCN 

LYRPH NODE8 

THYMUS 

HEMANOIOSARCORA 

K I D N E Y  . . . . . . . . . . . . . . . . . . . . . . . . .  
T U I U L A R - C E L L  AOLNOCARCINOMA cironr 

+ + + + + * + t t + + + + + * + + t + + + + + + ~  

+ + + * + * + + + * * * ) + + + + + * + + + + + +  

+ + + + + + + + + + + + + + +  + + + + + + + +  + L  

+ + + + - + + + - - + + + - + + - + + + + - + + +  

ORAL C A V I T Y  

S A L I V A R Y  OLANO 

SQUAMOUS C E L L  P A P I L L O M A  

Chrysotile Asbestos, NTP TR 295 

N N N N N N N N N N N N N N N N N N N N N M N N N  

. + + + + + + + + + 4 + + + 4 + + +  + + 4 ) .  + + + %  

216 

L I V E R  
SQUAMOUS C E L L  CARCINOMA, I N V A S I V E  
I I IOP L A S T  I C  NOOUL E 
HEPATOCELLULAR CARCINOMA 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x 

I S O P H A Q U I  

STORACH 

M A L L  I N T E B T X N t  

LAROE I N T l B T I N t  

SPUAMOU8 C E L L  CARCINOMA 

L EIOMYOMA 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
* + * + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

U R I N A R Y  BLADDER . . . . . . . . . . . . . . . . . . . . . . . . .  



TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF 1NTERMEDIATE.RANGE CHRYSOTILE ABBEST08 UNTREATED CONTROL (ConUnuad) 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 

x x  X 

THYROID 
F O L L I C U L A R - C L L L  ADENOMA 
C O L L I C U L A R - C I L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA Y 

P I T U I T A R Y  
CARCINOMA, NOS 
ADENOMA, NOS 

r 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X Y X X X  Y x Y Y X X Y  X Y 

X 

OBTEOBARCOHA 

FERITONEUM 
LEIOMYOSARCOMA 

h L  O T H r n S  

+ + + + j  ADRENAL . . . . . . . . . . . . . . . . . . . . .  
X X X X 

C O R T I C A L  ADENOMA 
PHEOCHROMOCYTOMI 
PHEOCHROMOCYTOMA, M A L I O N A N T  

N N N N N N N N N N N N N N N N N N N M N N N N N  

M U L T I P L E  ORO4NS NOS 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 
C - C I L L  CARCINOMA, M I T A S T A T I C  
OSTEOSARCOMA, M E T A S T A T I C  

LEUKCMIA,  MOMONUCLIAR C E L L  
MONOCYTIC L E U K I M I A  x x  x x x  x x x x X '  

I' 

P A N C R E A T I C  I S L E T S  
I S L C T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

RAMMARY OLAND 
CARCINOMA, NOS 
ADENOMA, NOS 
ADENOCARCINOMA, NOS 
FIBROADENOMA 

P R E P U T t A L / C L I T O R A L  OLAND 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  
SQUAROUS C E L L  CARCINOMA 

* + + + + + + + + + + + + + + + + + + + + + + + +  
x x  UTERUS 

x x  L E 1  OMYOMA 
ENDOMETRIAL STROMAL POLYP 
ENDORCTRIAL STROPIAL SARCOMA X c 

THORACOLUMBAR REOION 
O S T E O S A R C O ~ A  

LOUER LEO NOS 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS UNTREATED CONTROL (Continued) 

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

. TOTAL 
TISSUE5 

TUMORS 

SKIN  N + t t t + t t + t + + +  
SQUAMOUS CELL PAPILLOMA X 
KERATOACANTHOMA 

88* 
3 
1 

88W 
1 
1 
5 

2 

SUBCUTANEOUS TISSUE 
SQUAMOUS CELL CARCINOMA 
SARCOMA. NOS 
FIBROMA 
FIBROSARCOMA 
FIBROUS HISTIOCYTORA. MALIGNANT 

N + + + + + + + + + + + +  

LUNES AND IRONCHI c + + t + + + + * + + + +  a7 

BONE MARROU 

SPLEEH 

LYMPH NODES 

THYMUS 

HEMANGIOSARCOMA 

- -. . - - . . . - - . 
ALVEOLAR/BROHCH~OLAR CARCINOMA 
PHEOCHROMOCYTOMA, METASTATIC 
SARCOMA. NOS. METASTATIC 

-. 
1 
2 
1 

TRACHEA 

~ A T O P O ~ C  SYSTEM 

PANCREAS 
ACINAR-CELL ADENOMA 
HEMANGIOSARCOMA 

c t t + + + t . 4  t + t t + 87 

c + + t t t + t + + * + +  
c + t t t + + + t * + t t  

C + t + ~ + + + + + + * t  

c + t - t + + + + t t + t  

87 

87 

87 

7 0  
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T 
DIGESTIVE SYSTEM 

ORAL CAVITY 

SALIVARY GLAND 

L IVER 

SPUAMOUS CELL PAPILLOMA 

SQUAMOUS CELL CARCINOMA. INVASIVE 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCIHOMA 

B I L E  DUCT 

GALLBLADDER 1 COMMON B I L E  DUCT 

218 

c + + + t t + + + + + + +  1 7  

N N N N N N N N N N N N N  88W 
1 

c + - t  + t + + t t + + t t 87 

~ t t t + * + + + + t + t  87 
1 
5 

C t + + t t t t + + k + t  87 

N N N N N N N N N N N N N  88W 

c + t t t t t + + + + + +  87 
2 
1 

ESOPHAGUS 

STOMACH 

SMALL INTESTINE 

LAROE INTESTINE 

SQUAMOUS CELL CARCINORA 

LEIOMYOMA 

URINARY SYSTEM 

KIDNEY 
TUBULAR-CELL ADENOCARCINOMA 
LIPOMA 

URINARY BLADDER 

c + t t t + + t * + + t +  86 

c + + t + t + t t t t t t  87 

c + + * + t + t + t + t +  87 

c + t * + + + + + + + + +  87 

1 

c + + + + + t + + t t t +  87 

1 

c t + + t t * t + + t t t  85 



ENDOCRINE SYSTEM 
I I I m 1 a I  I , , , . ,  y 
I 

THYROID 
FOLLICULAR-CELL AO6NOMA 
FOLLICULAR-CELL CARCINOFIA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

PARATHYROID 

PANCREATIC ISLETS 
ISLET-CELL AOENOMA 
ISLET-CELL CARCINOMA 

TEM 

c t t t t ' t  t t t + t t t 87 
X X 4 

X 6 9  r X  x x x x  X 

c t + + * + t + + t + + t  87 
6 
1 

l !  
' 1 1  ,. 

X x x  

c + - 4 + - t t t t + + *  7 3  

c t t t + * t + * + + + +  87 
2 
6 

X 

N t t t + t t t t + + + t  

X 

x x  X x x  

88W 
1 
6 
5 

PREPUTIAL/CLITORAL GLAND N N N N N N N N N N N N N  

UTERUS c + t t t t t t t + + t t  
LEIOMYOMA 
ENDOMETRIAL STROMAL POLYP x x  X 
ENDOMETRIAL STROMAL SARCOMA 

888 

I 87: I 

MULTIPLE ORGANS NOS N N N N N N N N N N N N N  
C-CELL CARCINOMA, METASTATIC 

MONOCYTIC LEUKEMIA x x x  X 
OSTIOSARCOMA, METASTATIC 

LEUKEMIA,. MONONUCLEAR CELL 

NOS, INVASIVE 

EYE APPENOAOES 
SQUAWOUS CELL CARCINOMA 

N N N N N N N N  

I 

8811 

. ss 
f 
1 

PERITONEUM I N  N N N N N N N N H N N N 
LEIOMYOSARCOMA 

r 
THORACOLUMBAR REGION 

OSTEOSARCOMA 

LOWER LEO NOS 

9 .  

1 -  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBEST08: 

l,%DIMETHYLHYDRAPNE DIHYDROCHLORIDE 

A t4 I MA L 
NUMBER 

WEEKS ON 
STUDY 

~NTEGUHENTARY SYSTEM 

a I a l o 1 i 1 i  8 7 1 9  1 1 8 1 8  i o 7 6 9 1 9  o I 9 i 9 9 
6 1 0  1 6  4 1 1  0 3 1 0 1 6  6 5 4 6 S I 1  8 1 0  6 1 0 

S K I N  
BASAL-CELL TUMOR 

THYMUS 

~ C U L A T O R Y  SYSTEM 

m V E  SYSTEM 

HEART 

SUBCUTANEOUS T I S S U E  
FIBROMA 
FIBROSARCOMA 

4 + 4 4 4 4 4 4 4 ~ 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4  
H I O L A R  ADENOMA 

TRACHEA 

4 4 4 4 4 4 4 4 4 4 - 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4  

BONE MARROW 

SPLEEN 

ORAL C A V I T Y  
SQUAilOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 

LYMPH NODES 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 k  
C-CELL CARCINOMA. M E T A S T A T I C  
MUCINOUS CYSTADENOCA, M E T A S T A T I C  

M N M M M M N N M M N N N M M M M M N M M M M M M  

L I V E R  
N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCIMONA 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 k 4  
X 

X x x x  

I 
S A L I V A R Y  GLAND 4 4 4 4 4 4 4 + 4 4 4 4 4 - * 4 4 k 4 4 4 4 + 4 4  

4 4 k 4 4 4 4 4 4 4 k 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

N M N M M M N M M M N N N M M N N N M M M N N M N .  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4 4  

1 

B I L E  DUCT 

GALLBLADDER & COMMOM B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

ACINAR-CELL ADENONA 

MUCINOUS CYSTADENOCARCINOMA 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 +  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
x 

LARGE I N T E S T I N E  
AOENOCARCIt~OMA. NOS 
ADENOMATOUS POLYP. NOS 
ADEHOCA I N  AOENOMATOUS POLYP 
MUCIHOUS CYSTADENOCARCINOMA 
MUCINOUS CYSTADENOCA. M E T A S T A T I C  
S I G N E T  R I N G  CARCINOMA 
LEIOMYOSARCONA 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 k 4 k 4 4 4 4 4 4  
X 

xa x x  X X 
X . x  X 

. .  

K I D N E Y  
M I X E D  TUMOR. MALIOMANT 
CARCINOSARCOMA 

U R I N A R Y  BLADDER 

4 4 4 4 4 4 4 4 k k 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
x x  x x x  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 l  

a: MULTIPLE OCCURENCE OF MORPHOLOQY 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

l,!&DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

ANIMAL 5 s 5 5 5 5 5 s 5 
NUMBER 

1 2  3 4 5 1 6  8 9 0 1  1 

STUOY , 8 1 1  8 , O  ! I 1  8 7  1 9 I l  8 8 1 0  7 6 

! ! : : I 7  7 : I 8  8 ' 8  8 a 8 1 8  

0 1  0 1 1  1 0 1 0  1 t - L  1 0 1 0 0 0  WEEKS on 

5 S I S I 5  5 5 5 5 

9 I 9 1 0 l l  9 1 9 l 9 ,  

r l s 1 9 1 9  9 9 9 1 9  

1 I O  1 1 0 0  
1 2  3 4 1 5  

1 5 1 6  6 

THYROID t + ~ t ~ t * t + t t t t t t t t t t t + ~ t t  
FOLLICULAR-CELL AOENOMA 
FOLLICULAR-CELL CARCINOMA X 
C-CELL ADENOMA X X 
C-CELL CARCINOMA 

PARATHYROID 

O i l 1 6  4 1 1  0 1 3  0 6 6 5 4 6 S I  ( 1  S i  1 0 1  6 1 1  0 

PANCREATIC I S L E T S  
I S L E T - C E L L  AOENONA 
I S L E T - C E L L  CARCINONA 

P I T U I T A R Y  
CARCINOMA. NOS 
ADENOMA, NOS 

I 
~ R O O U C I  IVE SYST m I t 

I 
t + + ~ t t ~ t + t t + t t + + t t + t t + t t t  

X X X X X X 

MAMNARY GLAND 
ADENOMA. NOS 
FI~ROAOEHOMA 

CARCINONA. NOS 
PREPUTIAL/CLITORAL GLAND 

VAGINA 

UTERUS 

FIBROMA 

ENDOMETRIAL STRONAL POLYP 
ENDONETRIAL STRONAL SARCOMA 

OVARY 

NERVOUS SYSTEN 

B R A I N  
CARCINOMA.. NOS, I N V A S I V E  

S P E C I A L  SENSE ORGA NS 

ZYMBAL GLAND 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOflA 

ALL OTHER SYSTEMS 

f l U L T I P L E  ORGANS NOS 
AOENOCARCIHOMA. NOS, METASTATIC 
MUCINOUS CYSTAOEHOCA. N E T A S T A T I C  

+ + t t t + + t t t + t + t + t k t + t + t t t +  

X X X X X x x  x x x  
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  

N N N N N N N ~ N N N N N N N N N N N N N N N N ~  

X X 

t + + t + t + t t t t + 4 . 4  + t + t t + t t t t +i 

i 
t t t t + + + N t + t 4 + + t t t ~ t t t t t + t ~  

X 
X 

i I 
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 l  

I X 

I 
I 

x x  x x x x  x x x x  X x x  X 
i 6IXED TUNOR; U E T A S T A T I C  

CARCINOSARCONA. N E T A S T A T I C  
MONOCYTIC LEUKENIA 

4 :  T I S S U E  EXAUINED NICROSCOPICALLY ' : NO TISSUE INFORMATION SUBMITTED 
-: REQUIRED T I S S U E  NOT EXAUINED NICROSCOPICALLY C: NECROPSY. NO HISTOLOGY DUE T O  PROTOCOL 
X: TUMOR I N C I D E N C E  A: AUTOLYSIS 
N: NECROPSY. NO AUTOLYSIS, no NICROSCOPIC EXAMINATION N% ANIPIAL N I S S I N G  
S: ANIMAL NIS-SEXED B: NO NECROPSY PERFORHEO 

X Y X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

CIRCULATORY SYSTEN 

HEART 

b I G E S T I V E  SYSTEM 

ORAL C A V I T Y  
SQUAMOUS C E L L  P A P I L L O N A  
SQUAflOUS C E L L  CARCINOMA 
SPUANOUS C E L L  CARCINONA, INVASIVE..  

S A L I V I R Y  GLAND 

AHXMAL 5 5 5 5  6 6 6 6  6 6 6 6  6 6 6  6 6 6 6  6 6 6 6 6 1  6 1  
NUMBER 9 9 9 9 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 ~ 1 1 1 1 2 1  

WEEKS OH 1 0 1  I I  1 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0  
STUDY o a i  1 1  1 , 6 1 0  a 4 1 a  a 9 3 o 8 6 9 , l a  

t 0 1 6 1 6  0 1 1  7 5 4 0  9 3 4 7  0 
fATEGUNENTARY SYSTEM 

I 
t t 4 t + t 4 t t t t t t + t 4 t t t t t t t t t  

N N N N H N H N N N N N N N N N N H H H N N N N N  

t t + t t 4 4 t t t t t t t t t 4 t t t + + t t t h  

S K I N  
BASAL-CELL TUNOR 

SUBCUTANEOUS T I S S U E  
FISROMA 

- A D E N o C A R E I N O M ~ ,  NOS 
ADEfIONATOUS POLYP. NOS 
ADENOCA I M  ADENOPIATOUS POLYP 
WJCINOUS CYSTADEHOCARCINONA 
NUCI t IOUS CYSTADEIIOCA, N E T A S T A T I C  
S I G N E T  R I H G  CARCINOMA 
LEIOMYOSARCOMA 

LUNGS AND BRONCHI  
ALVEOLAR/BRONCHIOLAR ADENOMA 

X X 

X X 

TRACHEA 

H E M A T O P O I E T I  c s m  
BONE NARROW 

SPLEEN 

U R I N A R Y  SYSTEM 

K I D N E Y  
N I X E D  TUNOR. N A L I G N A N T  
CARCINOSARCOMA 

U R I N A R Y  BLADDER 

LYMPH MODES 
C-CELL CARCINONA, N E T A S T A T I C  
NUCINOUS CYSTADENOCA. N E T A S T A T I C  

t t t t 4 4 t + 4 + + t + + + + + + t + t + t + +  
X x x  X 

X 

t t + t t + t 4 t t t t + t t t t t t + t t 4 t t ,  

THYNUS 

I 
t t t t t t + t t t t t t t + t t t t t t t t t t  

t t t 4 t t t t t t t 4 t t 4 t t t + t t t t t t  

t t t t t t t t + t t t t t t t t t t t t t t t t  

+ t t t t t t t t  t t t  t . t t t t t t t t + t t *  

t t 4 t t t + 4 t t t t t t t t t t t t t t t t t  

L I V E R  t t t t 4 t t t t t t + t t + + t + * t t t t t t l  
H E O P L A S T I C  MODULE X 
HEPATOCELLULAR CARCINONA X 

B I L E  DUCT 

GALLBLAODER L CONNON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SNALL I H T E S T I N E  

LARGE IHTESTXHE 

ACINAR-CELL AOEHONA 

MUCINOUS CYSTADEHOCARCINONA 

x x  x X I  

I X 

! 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBEST08: 

l$-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

AtI IHAL 
NUHBER 

WEEKS ON 1 0  1 1 0 1  0 0 0 0 0 0  
7 8 9 0 1 2 3 4 5 6 1 8 9  

0 6 6 0 1 1 7 5 6 0 9 3 4 7 0 1 b 1  
STUDY a i 1 6 o a 6 a a 9 s 

S S S S 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 -  
9 9 9 9 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2  

7 8 9 0 .  
1 0 0 0 0 1  

1 8 5 9 0 6  

I O  -+ a l a  6 9 o i a a 8 s l a j 9  1 

PITUITARY 
CARCINOMA. NOS 
ADENOHA, NOS 

t t t t t + t t t t t t t t t t t t t t t t t t t  

X X x x  x x x  x. 
A DR EN A L 

CORTICAL ADENOMA 
PHEOCHROMOCYTOHA 
PNEOCHROROCYTOMA. MALIQNAMT 

t t t t t t t t + t t + t t - t t t t t * + + + +  

X 

I 
THYROID 

FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOHA 

t t t t t t t t + t t t t t t t t t t t t t t t t  
X X 

x x  

HAMHARY OLAND 

FIBROADENOMA 
ADENOHA, NOS 

PARATHYROID 

PANCREATIC I S L E T S  
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

SYSTEM 

t t t t t t t t t t t t t t t t t t t t t t t t t  

PREPUTIAL/CLITDRAL QLAHD M M M M N N M M N M M M l N M N M M M M M N M M N  
CARCINOHAL, NOS 

t + t t + t t * t t t t t t t t t t t t t t t ~ +  

i x x  X X 

VAOINA 
FIBROHA 

BRAIN 
CARCINOHA. NOS, I N V A S I V E  

SPECIA L SENSE ORG AN) 

UTERUS t t t t t t t t t t + t t t t t t t t t t t t t t  
ENDOMETRIAL STROMAL POLYP X X 
ENDOMETRIAL STRORAL SARCOMA X 

t t t t t t t t t t t t t t t t t t t t t t t t t  

OVARY ~ * ~ * + t + + * t * + * * t t + * * * t t t + + t j  

LRCINOMA, METASTATIC 

IETASTATIC  
4 ,  HETASTATIC 

X 

x 
X X x x  x x  x x  x X 

ZYHBAL GLAND 
sauimous CELL PAPILLOMA 
sauAfious CELL CARCINOHA 

t t t t t t t t t t t t t M t t t t t t t  

I X  X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE*RANGE CHRYSOTILE ASBESTOS 

l,&DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Contlnurd) 

S K I N  
BASAL-CRLL TUNOR 

SUSCUTANROUS T I S S U R  
f I D R O M A  
f ISROSARCOMA 

ANXnAL 6 6  L 6 6 6  L 6 6  L 6 - 6 6  L 6 1  6 6 6  L 6 L 6 
NUMSRR 2 2 2 2 2 2 2 2 2 s s s s s s s 1 s s ~ ~ ~ ~ : :  

7 6 1 , a . i  9 7 9 i L 6 a 9 a 9 7 a o a i 9 9 0 9 o I I 0 '  STUDY 

+ N + + + + + + + + + + + + + + + + + + + + + + +  

+ N + + + + + + + + + + + + + + + + + + + + + + +  

LUNOS AND SRONCNI  

TRACNRA 
A L V R O L A R / ~ R O N C N I O L A R  ADKNONA 

SON8 MARROW 

SPLRRN 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  

LYMPN NODLS 
C-CELL CARCINOMA, R ITASTATIC  
MUCINOUS CY#TADRNOCA, M R T A S T A T I C  I 

+ + + + + + + + + + + + + + + + + + * + + + + + +  
Y Y 

THYMUS 

I 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 l  

. . . . . . . . . . . . . . . . . . . . . . . . .  

ORAL C A V I T Y  
SQUAMOUS C E L L  ? A f I L L O M A  
S Q u A r i o u s  c c u  CARCINOMA w m o u a  CELL CARCINOMA, 

HRART 

9ALIVAR.I  OLANO 

. . . . . . . . . . . . . . . . . . . . . . . . .  

L I V C R  
N R O f L A S T I C  NODULK 
HRPATOCRLLULAR CARCINORA 

LAROR I N T R S T I N R  
AORNOCARCINOMA~ NOS 
ADRNOMATOUS f O L Y f ,  NOS 
ADKNOCA I N  ADRNOMATOUS POLYP 
MUC NOUS C Y S T ~ O I N O C A R C X k O M A  
MUCINOUS CYSTADRNOCA~ M R T A S T A T I C  
S I O H R T  RIHd CARCINOMA 
LRXOMYOSARCOMA 

OALLILADDLR a COMMON I Z L t  DUCT 

PANCRRAS 

RSOPHAOUS 
STOMACH 

IMALL I N T R S T I N R  

ACINAR-CRLL ADRNOMA 

MUCINOUS CYSTADRNOCARClNOMA 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X x x x x x a  xa 
X X x x  

a 

X X 
X 

K I D N R Y  
M I X K D  TUMOR, M A L I O N A N T  
CARCINOSARCOMA 

U R I N A R Y  SLADORR 

+ + + + + + + + + + + ~ + + + + + + + + + + 4 + ~  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  - 
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TABLE B4. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOSr 

14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Contlnuod) 

A DR EN A L 
C O R T I C A L  ADENONA 
PNEOCHRONOCYTONA 
PHEOCHROWOCYTOW4~ WALIQNANT 

+ + + + + + + * + + + + + + + + + + + + + + + + +  
X 

X 
X 

THYROID 
F O L L I C U L A R - C E L L  ADINOWA 
F O L L I C U L A R - C E L L  CARCINORA 
C-CELL AOENOMA 
C-CELL CARCINOMA 1 

PARATHYROID 

P A N C R E A T I C  I S L E T S  t + + t +  
I S L E T - C E L L  AOENOWA 
I S L E T - C E L L  CARCINOMA 

P R E P U T I A L / C L I T O R A L  OLAMD 

VAOINA 

UTERUS 

CARCINOMA, NOS 

FIBROMA 

ENDOMETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 

t + + t * t + t t ~ t t t ~ + + + t t t + t + t t +  

ZYMBAL GLAND + t + M + + t + + + + N + + + t t + + t + + t +  
SQUAMOUS C E L L  P A P I L L O N A  
SQUAMOUS C E L L  CARCINOMA X x x x x x  

+ + + + + + * + + + + + + + + + + + + + + * + + +  x x  
X 

X 
x x  

X 
X X X 

S I G N E T  R I N O  CARCINOMA, M E T A S T A T I C  
SARCOMA. NOS 
M I X E D  TUMOR. M E T A S T A T I C  
CARCINOSARCOMA. M E T A S T A T I C  
PiOHOCYTIC LEUKEMIA 
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ANIMAL 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
NUMBER ) ) ) ) 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 ~  

W,,,, ON 
STUDY : : :  :. : :  ! : : : ;  f : ; : ;  

4 t 4 4 4 ~ 4 4 t 4 4 4 t t t t t t 4 4 4  
X 

6 6 6 6 6  6 

~ 1 2 S ~ 1 6 7 ~ 9 ~ 1 2 3 4 5 6 7 8 9 0  
0 I 0: 1 .  I I 1 a 0 I "9 9 0 9- 

6 1 5 1 0 4 .  

S K I N  4 4 4 4 4 N 4 4 4 t t 4 4 t 4 t t t t 4 4 N 4 4 t  
BASAL-CELL TUMOR + X 

BONE MARROU 

SfLEEN 

LYMPH NODES 
C-CELL CARCINOMA, METASTATIC 
HUCINOUS CYSTADENOCA, METASTATIC 

ORAL CAVITY 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  
SQUAMOUS CELL PAPILLOMA 
SQUAHOUS CELL CARCINOMA 
SQUAHOUS CELL CARCINOMA, INVASIVE 

SALIVARY QLAND 

L IVER 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 

B I L E  DUCT 

GALLBLADDER L COMMON B I L E  DUCT 

r 

PANCREAS 
ACINAR-CELL 

Y SYSTEM 

LUNO5 AND BRONCHI 

TRACHEA 

ALVEOLAR/BRONCHIOLAR ADENOMA 

ADENOMA 

4 t 4 4 t 4 4 4 t 4 t 4 4 4 4 t 4 4 4 4 t 4 t t 4  

4 t ~ 4 4 4 4 4 t * * t t t t t t * t 4 4 4 4 4 t  

ESOPHAGUS 

STOHACH 

SMALL INTESTINE 
MUCINOUS CYSTADENOCARCINOMA 

n I N A R Y  SYSTEH 

I 
4 4 t t 4 4 4 ~ - 4 4 4 4 4 4 t 4 4 t 4 t ~ t 4 t ~  

t + t t * t t + + * t t t , * + , , t t 4 t t 4 ~  

4 t 4 4 4 t 4 4 4 4 4 t t ~ 4 t 4 t t 4 t 4 4 4 t  
X 

4 4 4 t t t 4 4 4 t * t t * t * t t + t 4 4 t 4 + l  
I 

X X X x X I  

X 
X 

I 

I 
I 

X 
X 

I 
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KIDNEY 
MIXED TUMOR, HALIGNANT 
CARCINOSARCOHA 

URINARY BLADDER 
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4 4 4 4 t 4 4 t 4 t 4 t 4 t t 4 * t 4 4 t t t t 4 l  
I 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

6 6 6 6 6 6 6 
6 6 6 6 6 6 6 6 7  
2 3 4 5 6 7 8 9 0  
1 I l l O O  
l O O ( 9 6 9 0 9  

1 9 6 6 0 6 6  1 5 1 0 * .  

6 61' 

0 1 0  

P I T U I T A R Y  
CARCINOMA, NOS 
AOENONA, NOS 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X X X X x -  

ADRENAL 
C O R T I C A L  ADENOMA 
PHEOCHROMOCYTORA 
PHEOCHROMOCYTOMAr M A L I O N A N T  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

PARATHYROID 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

+ * * + + + + * - + * + * * + + + + + + + + + + +  

X X 
X 

+ + * + + + * * - + + - + * + - + * + + + + + + +  

m P C 

MAflMARY GLAND 
ADENOMA, NOS 
FIBROAOENOMA 

CARCINQMAr NOS 

F I B R O V A  

P R E P U T I A L / C L I T O R A L  GLAND 

VAGINA 

UTERUS 4 + + + + + + * 4 + + 4 + t + + * + + + + * + + + l  
ENOOMETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 

+ * + + + * + + + + + + + + + + + + + + + + + + +  
X X X X 

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  

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  

OVARY 

NERVOUS SYSTEN 

B R A I N  
CARCINOMA. NOS. I N V A S I V E  

S P E C I A L  SENSE ORGANS 

ZYMBAL GLAND 
SQUANOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 

t . 4  + + . t  + + 4 + + + + + + + + + t + + + + + + + i  

+ + + +  + + + + +  + + + * + + +  + + + + + + + + + +  
I 

I 

+I + + N + + N + + N + + + + + + t + + + + + N + +  

X X I  

S I G N E T  R I N G  CARCINOMA. M E T A S T A T I C  
SARCOMA. NOS 
V I X E D  TUMOR, M E T A S T A T I C  
CARCINOSARCONA, M E T A S T A T I C  
W0l ;OCYTIC LEUKEMIA 

VOHONIJCLFAR C E L L  

X 

x x x x x  x x x x x  x x  x x x  x 
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I 

NUMBER 

WEEKS ON 
STUDY 7 

TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

1.2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

7 7 7 7 7 7 7 7 7 a a a a a a a a a a 9 9 9 9 ~ 9  I 
1 2  S 4 5 6  7 8  9 0 1 2  S 4  5 1 6  7 8 9 0 1 2  3 1 4  5 TOTAL I 
0 1 1 1  I i o i I o o I o o o i o i I o I o o O’TISSUESI 

i a o !. 1 i I  a o 1 9 a i a a l  9 1  1 1  71 i 1 a1 a 31 9 a T u n o R s i  
2 I 6  I I 0  5 I 5  

S K I N  
BASAL-CELL TUMOR 

SUBCUTANEOUS T I S S U E  
FIBROMA 
FIBROSARCOMA 

I 6  0 d l 8 1 6 1 6 1 6  5 I I  2 d l  1 2 

;r A N I  AL 6 6  6 6 6 6  

INTEGUMENTARY SYSTEM 

BONE MARROW 

SPLEEN 

I 

ALVEOLAR/BRONCHIOLAR ADENOMA 

TRACHEA * * + * + + + * * * + * + + * * * * + * * * + + +  125 I 

S A L I V A R Y  GLAND + + + + + + + + + + + - + + + + + + + + + + + + + I  122 
I I 

LYMPH NODES 
C-CELL CARCINOMA, M E T A S T A T I C  
PIUCINOUS CYSTADENOCA, M E T A S T A T I C  . 

THYMUS 

FIRCULATORY STSTEM 

HEART 

L I V E R  
N E O P L A S T I C  NODULE 
NEPATOCELLULAR CARCINOMA 

+ * * * + + + * + + + * + * * + + + * * + * + * *  I 2 5 1  
X 

3 

. . . . . . . . . . . . . . . . . . . . . . . . .  1 0 6 1  

I * + + * + * * + * * + * * * + * * + * + + + + + *  1 2 5 1  

B I L E  DUCT 

GALLBLADDER & COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

A C I N A R - C E L L  ADENOMA 

MUCINOUS CYSTADENOCARCINOMA 

ORAL C A V I T Y  seuAnous CELL PAPILLOMA 
SeuAnous CELL CARCINOMA 
SQUAMOUS C E L L  CARCINOMA,. I N V A S I V E .  

. . . . . . . . . . . . . . . . . . . . . . . . .  125 1 
X x x  x x  12 

X X 12 
I 

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 1 2 5 # /  

1 
1 

LARGE I N T E S T I N E  I +  + + + + + + + + + + + + + + + + + + + + + + + +i I25 
ADENOCARCINOPIA. NOS 
ADENOMATOUS POLYP. NOS 
ADENOCA I N  AOEHOMATOUS POLYP 
MUCINOUS CYSTADENOCARCINOMA 
MUCINOUS CYSTADENOCA, M E T A S T A T I C  
S I G N E T  R I N G  CARCINOMA 

x xa x x x  

K I D N E Y  
M I X E D  TUMOR. M A L I G N A N T  
CARCINOSARCOMA 

U R I N A R Y  BLADDER 
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. . . . . . . . . . . . . . . . . . . . . . . . .  I25 1 
X 13 I 

+ + + * * + + * * + * + + + + + + * + * + + + + *  I25 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

lS-DIMETHYLHYDRAPNE DIHYDROCHLORIDE (Continued) 

NUMBER 7 7 7 7 7 7 7 7 7 8 8 8 6 6 
4 0 1 2  3 4 

STUDY 7 1 0 0 9 . 1 1 6 0 1 9 8 1 6 
6 1 0  5 1 5  1 6  0 

UEEKslrHl 0 +f+- - 0 1 1 0 0 1 0 0 0  

6 8 8 8 8 1 9  9 1 9  9 9 91 I 

I I  4 1 1 1  0 1 0 0 1  0 T I S S U E S I  
5 6 7 I 9 1 0  1 1 2  3 4 1 5 TOTAL I 
61 9 1 1  71 11 11 61  0 31 91 8 1  TUMORS1 
8 8 6 1 6  6 5 1 1  2 6 I 1 l 2  

P I T U I T A R Y  
CARCINOMA., NOS 
ADENOMA, NOS 

A N I M A L  6 6 6  6 6 6  6 6 6 6 6 6 6 6 6 6 

+ + + + + + + + + + + + + + + + + + + + + + + + + I  124 i I 
X 1 1  x x  X x x x  X I 

6 6 6 1 6 1 6 1 6  6 1 6  6 T 

AORENAL 
C O R T I C A L  AOENOMA 
PHEOCHROMOCYTOMA X 
PHEOCHROMOCYTOMA. M A L I O N A N T  I 1 

I 

ENDDCRINE SYSTEM 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

P R E P U T I A L / C L I T O R A L  GLAND 

V A G I N A  

UTERUS 

CARCINOMA, NOS 

FIBROMA 

ENDOMETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 

OVARY 

I 

B R A I N  
CARCINOMA. NOS. I N V A S I V E  

S P E C I A L  SENSE ORGANS 

+ + * + + * * * + + * + + * + + + + + + * + + + +  1 2 5 i  
1 1  X 

I 

M U L T I P L E  ORGANS NOS 
AOENOCARCINOMA, NDS, M E T A S T A T I C  
MUCINOUS CYSTAOENOCA. M E T A S T A T I C  
S I G N E T  R I N G  CARCINOMA. M E T A S T A T I C  
SARCOMA. NOS 
M I X E D  TUMOR. M E T A S T A T I C  

MONOCYTIC L E U K E M I A  x x  x x x x  x x  CARCINOSARCOMA. M E T A S T A T I C  x x x  

ZYMBAL GLAND 
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 

ALL OTHER SYSTEMS 

i A N I M A L S  NECROPSIED 

+ + + + + + + + + + + N + + + + + + + + + + + + + I  1 2 5 # /  
1 1  

X X X 14 I 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE 

AI I IMAL 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 ~  
NUMBER 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2  

0 1 2 3 6 5 6 7 8 9 0 .  
WEEKS STUDY ON 4 0 ~ 1 : * j 3 3 0 6 1 1 3 0 0 2 3 J 2 2 0 2  1 1 1  1 1 1 1  1 1 0  1 1 1 1 1 I P  f 0 6  

0 1 5 5 9 7 1 9 7 4 1 3 4 4 0 1 0 4 9 2 ~ 9 b ~ 6  
M 

FOLLICULAR-CELL CARCINOMA, METAST 
C-CELL CARCINOMA. M E T A S T A T I C  

SUBCUTANEOUS T I S S U E  t + t t t t t t t + t t + t t t t t + + + t + t t  
SQUAMOUS CELL CARCINOMA X 
FIBROMA 
FIBROSARCOMA 
LIPOMA 

L U N M  AND BRONCYr + + + + + * + + + * + * + * + + + + + + + + + + +  

T R q H E A  

- . . - . . . . - -. . -. . - . . - 
SQUAMOUS CELL CARCINOMA, HETASTAT 
ADENOCARCINOMA, NOS, METASTATIC 
ALVEOLAR/BRDNCHIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 

. t + + + t t + t t t t + t i t + t + t t t + + + * t  

X 

~ T O P O I E T I C  SWTE! 
BONE MARROW 

SPLEEN 

LYMPN NODES 
SQUAMOUS CELL CARCINOMA, METASTAT 
ADENOCARCINOMA, NOS, METASTATIC 
FQLLICULAR-CELL CARCINOMA, METAST 
C-CELL CARCINOMA, METASTATIC 
MALIQ.LYMPHOMA. H I S T I O C Y T I C  TYPE . 

THYMUS 

R R C U L A T ~  
HEART 

AOENOCARCINOMA, NOS, METASTATIC 

I V E  SYSTEN 

t t t * * t t + + t + + + + + + + + * * + + + + + .  

t t t + t t t t t t t ~ + + t t + + t + t + + + + m  

t t + t t t t t t t t + t t t t + + + + + + + t +  
X 

L. 
t t t + t t t - - + t t - t + t + + + t - + + + 4  

+ + t + t t + t + t + + t ' t t t t + t + + + + + +  

I N N N N N N N N N N N N N N N H N N N N N ~ N N N  I LARYNX 
FOLLICULAR-CELL CARCINOMA. I N V A S I  
C-CELL CARCINOMA, I N V A S I V E  

ESOPHAOUS 

STOHACH 
ADEIIOMATOUS POLYP, NOS 
CARCINOID TUMOR. NOS 
LEIOMYOSARCOMA 
ENDOMETRIAL STROMAL SARCOHA, HETA., 

SHALL I N T E S T I N E  

LARGE I N T E S T I N E  
AOENOHATOUS POLYP, NOS 

+ + + * + + * + + , + * t + + + + + + + * + * * *  

t t t t t t + t t t t t t t t t + + + + + t t + +  

X 

t t t t ~ t t t + t t t t t t t + + t t + + t t +  

* + * + * t * + + + t * + + t + * + t + + + + +  

ORAL C A V I T Y  
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

S A L I V A R Y  GLAND 
ADENOCARCINOMA, NOS 

L I V E R  
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
CORTICAL CARCINOMA. METASTATIC 
MALIG.LYHPNOMA. H I S T I O C Y T I C  TYPE 

B I L E  DUCT 

QALLBLADDER 1 COMMON B I L E  DUCT 

PANCREAS 
ACINAR-CELL ADENOMA 
ACINAR-CELL CARCINOflA 

M N N N N N M N N N N N N N N N N N N N N N N N N  

MA I L 
+ I  T I S S U E  EXAMINED MICROSCOPICALLY 1 NO T I S S U C  INFORMATION SUBMITTED 
- 8  REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY C l  NECROPSY, NO HISTOLOQY DUE TO PROTOCOL 
X I  TUMOR I N C I D E N C E  A: AUTOLYSIS 
N: NECROPSY. NO AUTOLYSIS. NO MICROSCOPIC EXAMINATION MI ANIMAL MISSINO 
9: ANIMAL MIS-SEXED B: NO NECROPSY PERFORMED 
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A N I M A L  
NUMBER 

STUDY 4 o 4 1 

t t t t t t t + t t t t t t t t t t t t t t t t +  

o o o o o o o o o o o o o o o o o a o o o o o o o - '  
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2  

4 ,  
0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1  1 1  1 1 1  
9 2  3 3 o 4 a a  3 o 0 , 2 1 3  s 2 2  o 2 1 o 4 

6 .  

U R I N A R Y  BLADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

ENDOCRINE s YSTEN 

P I T U I T A R Y  
CARCINOMA, NOS 
A D E N O M ,  NOS 

t t t t + t t t t t t t t t t t t t t t t t t t  

ADRENAL 
C O R T I C A L  ADENOMA 
C O R T I C A L  CARCINOMA 
PNEOCHRONOCYTOMA 

t t t t t t t t t t t t t t t t t t t t t t t t t  
X X 

t t t t + t t t t t t t t t t t t t * t + t t t t  
X 

X X X x x  X X 

X 
X 

.I 
X X r 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

* + - + t + * + + * t + + * * + + + + t t t + t t  

x x  X 
X 

X X r X 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

PARATHYROID 
ADENOMA. NOS 
C-CELL CARCINOMA. I N V A S I V E  

t t t t t t t t * t + + ~ + t t t t t t t t + t  
X 

REPRODUCTIVE SYSTEM 

t - - t t t t t t t t t t t t t t t t t t t t t " ' t  

MAMMARY GLAND 
CARCINONA.  NOS 
ADENOMA. NOS 
ADENOCARCINOMA. NOS 
FIBROADENOMA 

t t t t t t + t t t t t t t t t t t t t t t t + t  

X X 

x x x x  X X X x x x x x x  x X &  
X X 

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  
X X 

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  

P R E P U T I A L / C L I T O R A L  GLAND 
CARCINOMA. NOS 
SQUAMOUS C E L L  CARCINOMA 

FEMALE EXTERNAL G E N I T A L I A  
FIBROSARCOMA. I N V A S I V E  

X X X 

t t + t t t t t t t * t t t t t t t t t t t t t +  

X X 

V A G I N A  
FIBROSARCOMA 
ENDOMETRIAL STROMAL SARCOMA 

I 

UTERUS 
CARCINOMA, NOS 
AOEItOMA. NOS 
F I B R O X A  
L EIONYOMA 
ENDOMETRIAL STROMAL 
ENDOMETRIAL STROMAL 

B R A I N  
CARCIMONA. NUS. I N V A S I V E  
ASTROCYTOMA 

OLIGODENDROGLIOMA 

~PECIAL SENSE ORG ANS 

S P I N A L  CORD 

E Y E  

ZYMBAL GLAND 

F I B R O N A  

SQUAMOUS C E L L  CARCINOMA 

RUSCULOSKELETAL SYSTEM 

BONE 
SQUAMOUS C E L L  CARCINOMA 

Z L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS 
ALVEOLAR/8RONCHIOLAR CA. METASTAT 
P A P I L L A R Y  AOENOCARCINONA, NETASTA 
C O R T I C A L  CARCINONA, M E T A S T A T I C  
NYELOMOHOCYTIC L E U K E M I A  
MO!cOCY T I C  LEUKEMIA 
L E U K E M I A ,  MONONUCLEAR C E L L  

POLYP 
SARCOMA 

c t t t t t t t t t t + t t t t t t t t t t t t +  
X 

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  

t N t N N N N N N t N N + N N + N + N N N N t N t  

t t t + t t t t t t t t t t t t t t t + t t t t +  
X 

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  

N N N N N N N N N N N N N N N N N N N N N N N N M  

X 
X 

x x x  X X X 
r 

OVARY 
P A P I L L A R Y  ADENOCARCINOMA 
GRANULOSA-CELL ,TUMOR 

~ E R V O U S  SYSTEM 

P E R I N E U M  NOS 
FIBROSARCO3A i 

FOOT NOS I 
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TABLE 84,  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LJI'ETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOSi INTERMEDIATE-RANGE (Contlnucld) 

A N I N A L  
NUMBCR 

STUDY 

P l * z P : P l : r s r r l : l , t , , 4 ~ l l ~  I O  0 I I O I  D 0 0 0  

J ? +  ! 3 8 0 2 8 3 4  0 6 

N 

B K I N  
l P U A M O U 8  C C L L  P A P I L L O M A  
SPUANOUS CCLL CARCINOMA 
BASAL-CCLL CARCINONA 
KCRATOACANTHOHA 

. . . . . . . . . . . . . . . . . . . . . . . . .  

x 
Y 

WJBCUTAN8OUS T I S S U C  
s a u A M o u S  CCLL CARCINOMA 
FI lRONA 
P I B R O l A R C O H A  
LIPOMA 

LUNQS AND BRONCNI  
SQUAMOUS C E L L  CARCINONA. MCTASTAT 

ALVEOLAR/ IRONCHIOLAR AOENONA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
F O L L I C U L A R - C E L L  CARCINOMA. METAST 

ADENOCARCI I IONA~ NOS, N E T A S T A T I C  

C-CELL CARCINOMAv N E T A S T A T I C  

TRACHEA 

. . . . . . . . . . . . . . . . . . . . . . . . .  

x X 

LARYNX 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  
F O L L I C U L A R - C E L L  CARCINOMA, I N V A S I  
C-CELL CARCINONA, I N V A S I V E  

KEMATOPOIET I C  SYSTEM 

BONE MARROW 

SPLEEN 

LYMPH NODES 
SQUAMOUS C E L L  CARCINONA. METASTAT 
ADENOCARCINOMA, NOS, M E T A S T A T I C  

~ + 4 + ~ + 4 4 + 4 + 4 4 + 4 4 4 4 4 4 4 + 4 4 4 ~  

* 4 4 + + + ~ + 4 + + ~ 4 4 + 4 ~ + 4 ~ 4 + 4 + 4 ~  

4 4 + + ~ * 4 4 + ~ t + ~ 4 4 4 4 + + 4 4 4 4 4 4  

S A L I V A R Y  GLAND 
AOENOCARCINOMAI NOS 

L I V E R  

MALIG.LYMPHOMA. H I S T I O C Y T I C  T Y P E .  

THYMUS 

m L A l O R Y  SYSTEM 

HEART 

fI GES 1 I V E SY S T EM 
ADENOCARCINOMA. NOS, N E T A S T A T I C  

ORAL C A V I T Y  
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 

+ - 4 4 ~ + 4 - 4 4 4 + 4 - 4 + 4 4 4 4 4 4 4 + +  

4 4 4 4  4 + + + t + . +  + 4 . 4 t  + + + 4 4 4 4 4 + +  

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  
X 

X 

B I L E  DUCT 

GALLBLAOOER 8 CONPIOH B I L E  DUCT 

PANCREAS 
ACINAR-CELL ADENOMA 
ACINAR-CELL CARCINOPIA 

ESOPHAGUS 

STOMACH 
ADEHOMATOUS POLYP, HOS 
C A R C I N O I D  TUMOR. NOS 
LEIOMYOSARCOMA 
ENDOMETRIAL STROMAL SARCONA. NETA 

_ _  
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINONA 
C C R T I C A L  CARCINOMA, M E T A S T A T I C  
MALIG.LYNPNOMA, H I S T I O C Y T I C  T Y P E  . 
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A N I M A L  
NUMBER 

.. OM 
STUDY 

0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - '  
2 2 ~ 2 2 3 3 3 3 3 3 3 3 3 3 ~ ~ 4 4 4 ~ ~ 4 ~ ~  0 1 2 3 4 3 6 7 8 9  

a 9 t s n a s ~  

U R I N A R Y  BLADDER 
T R A M S I T I O M A L - C E L L  P A P I L L O M A  

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

. . . . . . . . . . . . . . . . . . . . . . . . .  

PARATHYROID . . . . . . . . . . . . . . . . . . . . . . . . .  
ADENOMA, NOS 
C-CELL CARCINOMAI I N V A S I V E  

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x  

MAMMARY OLAND + + t + + + t + + + + + + + C + + + k + + + + + t  
CARCINOMA, NOS 
ADENOMA. NOS 
 ADENOCARCINOMA^ NOS 
FIBROADENOMA 

P R E P U T I A L / C L I T O R A L  GLAND M M M M M N M N N M M M M M M M M M M M N N M N N  
CARCINOMA, NOS 
SOUAMOUS C E L L  CARCINOMA 

FEMALE EXTERMAL O E M I T A L I A  
FIBROSARCOMA. I M V A S I V E  

V A G I N A  
FIBROSARCOMA 
ENDOMETRIAL STROMAL SARCOMA 

THYROID 
P O L L I C U L A R - C K L L  ADENOHA 
P O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

I 

* i  UTERUS * t + + + + + + + + t + + + + + + + t + t t + +  
CARCINOMA. NOS 
AOENOMA. NOS 
FIBROMA I 
LEIOMYOMA I 
ENDOMETRIAL STROMAL POLYP I 
ENOOMETRIAL STROMAL SARCOMA 

* + * * * * + + * + + + + * * + * * * + * + * * +  
X x x  X X 

Y Y  Y 
X X x x  

OVARY 
P A P I L L A R Y  ADENOCARCINOMA 
GRINULOSA-CELL TUEOR 

&RVOUS SYSTEM 

l R A I N  
CARCINOMA, NOS, I N V A S I V E  
ASTROCYTOMA 

OLIGODENDROGLIOMA 
S P I N A L  CORD 

EYE 

ZYMBAL GLAND 

FIBROMA 

SQUAMOUS C E L L  CARCINOMA 

t t + + + + + + + + + ' + + + + + + + + t + + + + t I  
I 
I 

1 
+ + + + + + + + + + + t + t + + t + + + + k + + t  

X x -  

M M M M M M M M N M M N N N M M M M M N N N t N N  

M N N + M M M N M + M M + + + M N N M N M M M N t ~  

+ + * + + ~ + + + ~ + t + + + + + t + + ~ t t t *  
! 

BONE 
SOUAMOUS C E L L  CARCINOMA 

A L L  OTHER SYSTEMS 

I 
M N M M M N M N N M N M N N N M N M N N N M N M N ~  

I 

M U L T I P L E  ORGANS NOS N N M N N M M M M N M M N M M N M N N M M N N M N ~  
1 ALVEOLARIBRONCNIOLAR CA, METASTAT 

P A P I L L A R Y  AOEHOCARCIUnMA. M E T I q T A  

MYELOMONOCYTIC L E U K E M I A  
MONOCYTIC LEUKEMIA 
L E U K E M I A ,  PlONONUCLEAR C E L L  

i x x x  x x x x x  X X 
i X 

PERINEUM NOS 
FI8ROSARCOMA 

FOOT NOS 
FIBROMA 

1 I 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

ANIMAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -  

WEEKS ON 1 1 1 1  1 1 1 1 1 0 1 1  1 1  

NUMBER S 5 5 5 S S 5 S S S 6 6 6 6 6 6 6 6 6 b 7 7 7 7 7  
0 1 2 3 4 S 6 7 6 9 0  1 2 3 4 5 6 7 8 9 0  1 2 3 6 .  

1 1 1 1  1 1 1 1  1 0  0 1 1  
0 0 2 4 2 3 1 4  4 ' 0 ' 1  4 1 1 3 ' 5  0 4 4 

1 6 1 0  6 1 3 6 1 1 1  5 9 2 6 1 1 8 6  
STUDY 3 3 1 3  3 2 9 3 4 1  

8 2 1 9  5 4 3 4 4 .  

S K I N  
SQUANOUS CELL PAPILLOMA 
SQUAHOUS CELL CARCINOHA 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 

SQUAMOUS CELL CARCINOMA 
FIBROMA 
FIBROSARCOPIA 
L IPOMA 

z m T m a x Y  s YSTEN 

SUBCUTANEOUS T I S S U E  

* t t t t t t t t t t t + * t t t t t t t t t t  
X x x  

t t t t t t t t t t t t * t t t t t t t t t t t t  
X 

X 

t 4 + + t t t t t t t + t t t + + t + t t t + + t  

SALIVARY GLAHD 
AOENOCARCINOMA. NOS 

TRACHEA 

LARYNX 
FOLLICULAR-CELL CARCINOPIA, I N V A S I  
C-CELL CARCINOMA, I N V A S I V E  

HEMATOPOIETIC SYSTEM 

BONE NARROW 

SPLEEN 

L I V E R  I t  t t t t t t t t t t t  + t t t t t t t t t t t t i  

t t t t + t t t t + t t t t t t t t t t + * * + +  

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  

+ t t t * t t t t t t t t + t t t t t t + * * * *  

4 4  4 . 4  t 4 4  4 4 4 4 4 4 4 t 4 4 4 4  4 4 4  t t 4 

THYPIUS 

A C ~ H ~ R ~ C E L L  ADENONA X 
ACINAR-CELL CARCINOMA X i 

4 . 4  t t ' t  t 4 - 4 4 4 4 - 4 4 - 4 t t 4 - 4 4 4 4 

AOENOCARCINOMA. NOS, METASTATIC 

a I G E S T I V E  S YSTEN 

ORAL C A V I T Y  
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
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I 
N N N N N N N N H N N N N N N N N N N N N N N N N I  
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B I L E  DUCT 

GALLBLADDER L COMMON B I L E  DUCT . 
PANCREAS 

t t + * t * + , t + * t t * t + t + * * ~ t + ~ t  

N N N N N N N N N N W H N N N N N N N N N N N N N .  

* * t 4 t t t t t t t t t t 4 t t t t t + t t 4 t  

ESOPHAGUS 

STOMACH 
AOE!IOMATOUS POLYP. NOS 
CARCINOID TUMOR. NOS 
LEIOMYOSARCOMA 
ENDOMETRIAL STROPIAL SARCOMA, META. 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  
AOENOMATOUS POLYP, HOS 

t t t + t + t t t * t t t t t t t t t t t t t t t  

t t t t t 4 t + + t t t t t t t t t t t t t + t t  

X 

t t t t t t t t t t t t t t t t t t t t t t t t ~  

t * * + * t + + t t * + t t t t t t t t t t t t t  



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X X L. 
. . . . . . . . . . . . . . . . . . . . . . . . .  

STUDY OF INTERMEDIATE-R 
A N I N A L  
NUMBER 

X 
x x  x x x  X 

X X 
X X X X X X X  X x x x  

STUDY 

K I D N E Y  
CARCINONA. NOS 
LIPOSARCOHA 

U R I N A R Y  8LADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

M 

P I T U I T A R Y  
CARCINOMA, NOS 
ADENOMA, NOS 

ADRENAL 
C O R T I C A L  ADENOMA 
C O R T I C A L  CARCINOMA 
PNEOCHRDMOCYTOMA 

THYROID 
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINORA 
C-CELL AOENONA 
C-CELL CARCINORA 

PARATHYROID 
ADENOMA, NOS 
C-CELL CARCINOMA. I N V A S I V E  

I S L E T - C E L L  ADENORA 
I S L E T - C E L L  CARCINOMA 

PANCREATLC I S L E T S  

EFRODUCTIVE sVnm 
MAMMARY GLAND 

CARCINOMA, NOS 
ADEtIOMA, NOS 
ADENOCARCINOMAr NOS 
FIBROADENOHA 

P R E P U T I A L / C L I T G R A L  GLAND 
CARCINOMA. NOS 
SOUAPIOUS C E L L  CARCINOMA 

FEMALE EXTERNAL O E N I T A L I A  
FIBROSARCOMA, I N V A S I V E  

V A G I N A  
FIaROSARCOMA 
ENDOMETRIAL STROMAL SARCOMA 

UTERUS - 
CARCINOMA,. NOS 
AOENONA. NOS 
FIBROMA 
LEIOHYOMA 
ENDOKETRIAL STRONAL POLYP 
ENOOMETRIAL STRONAL SARCORA 

OVARY 
P A P I L L A R Y  ADENOCARCINOMA 
GRANULOSA-CELL TUflOR 

B R A I N  
CARCINOMA. NOS, I N V A S I V E  
ASTROCYTONA 

S P I N A L  COR0 
OLIGODENDROGLIOMA 

~PECIAL SENSE ORO I N S  

EYE 
FIBROMA 

L Y H B A L  GLAND 
SQUAHOUS C E L L  CARCINORA 

OSKELETAL SYSTEM 

SQUAflOUS C E L L  CARCINOMA 
BONE 

A L L  OTH ER SYSTEMS 

P E R I N E U M  NOS 

FOOT NOS 

FIBROSARCOMA 

NGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

x x  X 

X X X X 
X X x 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + +  
x x  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

I N N N N M N N N N N N N n N N N N N N N N N N N N  
- x  X 

~~ 

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  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X t 
+I . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

N N N N N N N N N N N N N N M N N N N N N N N N N  
x I 

N N M N N N N N N N ' N N N N N N N N N N N N N N N  

I 
x x  x x  X X 

X 

X 

L 
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ANIPIAL 

WEEKS 0 N 
STUDY 

NUMBER 

h T E G U M E N T A R Y  SYSTEM 

0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0 0 0 ~  ! 7 7 7 7 a a a a l a  a a 8 a a 9 9 9 9 9 9 9 9 9 1 9  

1 1 1 1 0 1 1 1  0 1 1 1 1 1 l l t  1 0 1  1 1  1 4  
o 1 2 1 4  9 s l s  o 9 1 ,  o 4 s , 4  z 3 s t , 9  t a l  1 4 s1 1 ,  

1 6 7 8 9 0  1 2 3 4 S 6  7 8 9 0 1 2 3 4 5 6  7 8 1  

71 I I  4 3 01 2 6 71 

ANIPIAL 
NUMBER 

i LARYNX 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  
F O L L I C U L A R - C E L L  CARCINOMA. I N V A S I  
C-CELL CARCINOMA. I N V A S I V E  

0 0 0 0 0 0 0 0 0 1 0  0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 ~  
7 ? ! 7 7 a a a a a a a 8 a a 9 9 9 9 9 9 9 9 9 1 9  

1 1 1 1  F- 1 2  3 4 S 6 7 8 9 0 1 2  3 1 4  5 6 7 81 
I I  0 1  1 1  1 1  1 1  0 1  1 1  1 1  11 1 1  11 11 1 1  t l  1 1  0 1  11 1 

S K I N  
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 

SQUAMOUS C E L L  CARCINOMA 
F I B R O H A  
FIBROSARCOMA 
L I P O M A  

SUBCUTANEOUS T I S S U E  

XETIRATORY SYSTEM 

LUNGS AND BRONCHI  
SQUAMOUS C E L L  CARCINOHA, H E T A S T A T  
ADENOCARCINOPIA, NOS, M E T A S T A T I C  
ALVEOLAR/BRONCHIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
F O L L I C U L A R - C E L L  CARCINOMA. METAST 
C-CELL CARCINOMA, M E T A S T A T I C  

TRACHEA 

ORAL C A V I T Y  
SQUAROUS C E L L  P A P I L L O R A  
SQUAPiOUS C E L L  CARCINOHA 

+ +  + + ' + +  + t t  + * +  4 + + t  t +  + 4 + + +  + t 

t + + t t + + + + + t t t + + + t + + + + t + + +  

X 

+ + + + + t + + + + + 4 + * + + t t + + t t t + +  

+ t + + t t t  + + + + t ~ + + + r r r + + t +  t +  

S A L I V A R Y  GLAND 
ADEHOCARCINOHA. HOS 

HEPIATOPOIETIC SYSTEM 

BONE HARROU 

SPLEEN 

LYMPH NODES 
saumous CELL CARCINOMA, METASTAT 
ADENOCARCINOMA. NOS. M E T A S T A T I C  
F O L L I C U L A R - C E L L  CARCINOMA, P I E T I S T  
C-CELL CARCINOMA, M E T A S T A T I C  
M A L I G . L Y M P H O H A ~  H I S T I O C Y T I C  T Y P E  .. 

THYMUS 

t Z R C U L A T O R Y  S Y S f E H  

HEART 
ADENOCARCINOMA. NOS, M E T A S T A T I C  

D I G E S T I V E  SYSTEM 

L I V E R  
N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCINOMA 
C O R T I C A L  CARCINOPIA, M E T A S T A T I C  
MALIG.LYMPHOHA. H I S T I O C Y T I C  T Y P E  

+ + + + + + + + t + t + + + + + + + t + + t + + +  

t t + + + + + + + + + + + t + + t t + + + + t + +  

+ + + + + + + t + + t t + t + t + t + + + + + t  +(  
t + + + - + - t 4 4 + + - t t * - + + t - - t - -  

+ + + t + t * + + + t + t * + * t + + t + t t t t  

~ N N N N N N N N N N N N N N N N N N N N N H N N N  I 

t 
~ + + + + + + + * t + + t + + * + + + + ~ + + + t +  

N H N N N N N N N N N N N N N N N N N N N N N N  

+ + + t + + + t + + t + + + * + + t t * + t t t + ~  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

B I L E  DUCT 

GALLBLAODER COMMON B I L E  DUCT 

PANCREAS 
A C I H A R - C E L L  ADENOMA 
A C I N A R - C E L L  CARCINOMA 

ESOPHAGUS 

STllMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  
ADENOfiATOUS POLYP, NOS 

- . -. . . . -. . 
AOENOPIATOUS POLYP, NOS 
C A R C I t I O I D  TUHOR. NOS 
LEIOHYOSARCOMA 
E t l O O I l E T R I A L  STROMAL SARCOMA. HETA 

+ + + + + t + + t + + + t t t + + + + + + + t + ~ ~  

t + + + + + + t + t t + t + k t + + t + t t t + + ~  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued) 

I U R I N A R Y  SYSTEPI 

U R I N A R Y  BLADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

ENDOCRINE SYSTEfl 

t t t t t t t t t t t t t t t t + t t t + + + t +  

+ + + + - + t + t t t t t t t + t + t t + t t t t  

THY R 0  I D 
F O L L I C U L A R - C E L L  ADENOPIA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 

P I T U I T A R Y  
CARCINOMA, NOS 
ADENOMA, NOS 

t + + + + t + + t + + + t + + + t + + + + + + + t  
X 

I +  + t t + + + t t + t + + +  t + + +  + t t t t t t i  

PARATHYROID 
ADENOHA. NOS 
C-CELL CARCINOPIA, I N V A S I V E  

+ t + + t + t + + + t t t + + t t t t + t t t + t  
X 

X 

+ t + + t t + t - + t t t + t t + t t - t t t t +  

B R A I N  
CARCINOMA. NOS. I N V A S I V E  
ASTROCYTOPIA 

OLIGODENOROGLIOPIA 

S P E C I A L  SENSE ORGANS 

S P I N A L  COR0 

I 

4 + + ~ + t + + t t t + t + t + t t t t + t t t t  
X X 

N N N N N N N N N N N N N N H N N N N N N N N N ~  

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  AOENOMA 
I S L E T - C E L L  CARCINOPIA 

ZYMBAL GLAND 
SQUAMOUS C E L L  CARCINOPIA 

BONE 
SQUAMOUS C E L L  CARCINOMA 

A L L  OTHER SYSTEMS 

+ t t t + t t + + t t t t t t + * * + t t t t t  
x x 1 

+ I  t + + + t + t + t + t t + t t t t t t + + + + +  

I 
N N N N N N N N H N N N N N N N N N N N N N N N N l  

I 

I 1 

C O R T I C A L  CARCINOMA, P I E T A S T A T I C  
RYELOHONOCYTIC LEUKEPIIA 
ROHOCYTIC L E U K E H I A  
LEUKEMIA.  RONONUCLEAR C E L L  

PIANMARI GLAND 
CARCINOPIA, NOS 
AOENOHA, NOS 
AOENOCARCINOMA~ NOS 
FIBROADENOMA 

X x x  x X 

+I t t + t t t + t t + + t t + t ~ t t t + t t t t  
X 

X 

x x  x x  x x  x x x x  X x x  
P R E P U T I A L / C L I T O R A L  GLAND 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 

CARCINOMA. NOS x x x  X 
SOUPPIOUS C E L L  CARCINOPIA 

FEMALE EXTERNAL G E N I T A L I A  
FIBROSARCOPIA. I N V A S I V E  

V A G I N A  
FIBROSARCOMA 
ENDOMETRIAL STROMAL SARCOMA 

POLYP 
SARCOPIA 

UTERUS 
CARCINOPIA. NOS 
ADENOMA. NOS 
FIBROMA 
LEIOPlYOPIA 
ENOONETRIAL STROPIAL 
ENDOMETRIAL STROPIAL 

P A P I L L A R Y  AOENOCARCINOMA 
GRAWULOSA-CELL TUMOR 

+ + t t t + t t + t t t t t + t t + + t t + t t t ~  
I I I 

OVARY 

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 /  

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 l  
i 

t l  t t + + + t t t + t t t t t t t t t t t + + t +  

I X 

X x X I  
X 

EYE 
FIBROMA 

PERIHEUPI NOS 
FIBROSARCOMA 

FOOT NOS 
FIBROMA 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASEESTOS: INTERMEDIATE-RANGE (Continued) 

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOPIA 
F IBROMA 
FIBROSARCOMA 
L I P O M A  

A N I M A L  1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  l I 1 1 1 -  
NUMBER 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2  

WEEKS ON I 1  0 1 1 1  1 1  1 1 1 1 1  1 1 1- 1 1 1 0  1 1  +- 
STUDY a 2 4 4 1 3 3 s ~ s s s  1 1 0 4 4 4 3 3 3 4 s 4  1 1  

1 2  2 6 7 0 7 0 1 2  8 P 6 0 7 4 B 6 0 6 4 4 1 5  6 6 L 
~ N T E G U M ~ A R Y  SYSTE n 

4 4 4 4 4 4 4 4 + 4 + 4 4 4 + 4 4 4 4 4 4 4 4 + 4  

X 

THYMUS 

CIRCULATORY SYSTEM 

HEART 
AOENOCARCINOMA~ NOS. M E T A S T A T I C  

mTEtTFnrn V Y  

TRACHEA 4 4 4 4 4 4 4 4 4 4 4 4 4 ' 4 4 4 4 * 4 4 4 4 4 4 4  

0 - 4  4 - . +  4 4 4 - - 4 4 4 - 4 - 4 + 4 4 4 4 4 4 + 

4 4 4 4 4 4 4 4 4 -4 + 4 . 4  4 4 4 + 4 + 4 + 4 4 4 4 - 

LARYNX 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  
F O L L I C U L A R - C E L L  CARCINOMA. I N V A S I  
C-CELL CARCINOMA,. I N V A S I V E  

ENOOMETRIAL STROMAL SARCOMA. META.7 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  
ADENOMATOUS POLYP, NOS 
LEIOMYOMA 

BOHE MARROW 

SPLEEN 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4 4 4 4 + + 4  

L 

+ 4 4 + + 4 + 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 + 4  
X I LYMPH NODES 

SQUAMOUS C E L L  CARCINOMA, METASTAT 
ADENOCARCINOMA. NOS, M E T A S T A T I C  

I F O L L I C U L A R - C E L L  CARCINOMA; METAST 
C-CELL CARCINOMA. M E T A S T A T I C  I 
MALIG.LYMPHOMA, H I S T I O C Y T I C  T Y P E  

/ 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  I ORAL C A V I T Y  
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 

S A L I V A R Y  GLAND 
ADENOCARCINOMA. NOS 

B I L E  DUCT 

GALLBLADDER 8 COMMON B I L E  DUCT 

PANCREAS 
A C I N A R - C E L L  AOENOMA 
A C I N A R - C E L L  CARCINOMA 

ESOPHAGUS 

X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

A N I M A L  
NUMBER 

WEEKS ON 
STUDY 

URINARY s YSTEM 

1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1  1 I '  
0 0 0 0 0 0 0 0 0 0  t 1 1 1 1 1 1 1 1 1 2 2 2 2 2  

! l o 1 1 1  1 1 1 1 I l  l l 1 1 1 1 1 1 1  0 1 1  1' 
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4  

2 2 4 4 1 1  3 1 3  3 3 J J 1 1  a 4 4 4 J J J 4 3 4 ( I f  
1 2  2 6 1 7  0 1 7  0 2 8 9  6 0 7 4 0 6 0 6 4 4 5 6 61 1 -  

K I D N E Y  
CARCINOMA, NOS 
LIPOSARCOMA 

U R I N A R Y  BLADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

~A~OCRINE SYSTEM 

+ 4 4 4 4 4 4 4 4 4 4 4 4 4 . 4 4 4 4 4 4 4 4 4 4 4  

P I T U I T A R Y  
CARCINOMA, NOS 
ADENOMA. NOS 

C O R T I C A L  ADENOMA 
C O R T I C A L  CARCINOMA 
PHEOCHROMOCYTOMA 

ADRENAL 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADEHOMA 
C-CELL CARCINOMA 

ADENOHA. NOS 
PARATHYROID 

C-CELL CARCINOMA, I N V A S I V E  

I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

P A N C R E A T I C  I S L E T S  

~ R O D U C T I V E  SYSTEM 

4 4 4 4 4 4 4 4 + 4 + 4 4 4 4 4 * 4 4 4 4 4 4 + 4  
X 

X x x x  x x  X X 

~ + + 4 + + 4 + + 4 4 + 4 + + 4 4 4 ~ + 4 4 4 4 4  
X 

X X 

x x  X 
x x  X 

4 4 4 4 4 4 4 4 - 4 4 4 4 4 4 4 4 - 4 4 4 4 4 4 4  

4 + * 4 4 4 4 4 4 4 4 + 4 4 4 4 + + 4 4 4 4 4 + 4  
x x  

4 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
X X I Y 

VAGINA 
FIBROSARCOMA 
ENDOMETRIAL STROMAL SARCOMA 

CARCINOMA, NOS 
AOENOHA. NOS 
FTRRnMA 

UTERUS 

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 '  

4 - 4 4 4 * 4 4 4 + + 4 4 4 4 4 4 4 * 4 4 4 4 4 4  

I 

MAMMARY GLAND 

ADENOMA, NOS 
ADENOCARCINOMA. NOS 
FIBROADENOMA 

CARCINOMA, nos 

OVARY 
P A P I L L A R Y  ADENOCARCINOMA 
GRAtlULOSA-CELL TUMOR 

M V O U S  SYSTEH 

B R A I N  
CARCINOMA. NOS, I N V A S I V E  
ASTROCYTOMA 

4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 4 4 4 4 + 4 ~ 4 4 4  
X 

X x x  x x  X x x x  X X x 

+i + - + 4 4 4 4 4 4 4 + + 4 4 4 4 4 4 4 4 4 4 4 4  

t 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4  
X 

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 '  
X 

P R E P U T I A L / C L I T O R A L  GLAND 
CARCINOHA, NOS 
SOUAMOUS C E L L  CARCINOMA 

I 

S P I N A L  CORD 
OLIGODENDROGLIOMA 

3 L 

FEMALE EXTERNAL G E N I T A L I A  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 '  
FIBROSARCOMA. I N V A S I V E  

N N ~ N N N N N N N ~ N N N N N N N N N N N ~ N H ~  

33 
I X 

ZYMBAL GLAND 
SQUAMOUS C E L L  CARCINOMA 

MUSCULOSKELETAL SYSTEM 

8ONE 
SQUAMOUS C E L L  CARCINOMA 

A L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS 
ALVEOLAR/BROHCHIOLAR CA. METASTAT 
P A P I L L A R Y  ADENOCARCINOMA. METASTA 
C O R T I C A L  CARCINOMA, M E T A S T A T I C  

MOI IOCYTIC LEUKEMIA 
MYELOMONOCYTIC L E U K E M I A  

L E U K E M I A ,  MONONUCLEAR C E L L  

PERINEUM NOS 

FOOT NOS 
FIBROMA 

FIBROSARCOMA 

. - -. . -. .- 

I I 
LEIOMYOMA X 
ENDOMETRIAL STROMAL POLYP X X 
ENDOMETRIAL STROHAL SARCOMA 

4 4 + * 4 4 4 + 4 4 + 4 4 4 + 4 4 + 4 + 4 4 4 + +  
X 

N N N N N N N N N N N N N N N N H 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 N N N N N N N  

x x  X x x x x  X X 
X 

E Y E  
FIBROMA 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

A N I M A L  1 1 1  1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
NUM8ER 2 2 f 2 2 S S S S 3 S S S 3 5 4 4 4 4 4 4 4 4 4 4  

W E E R  ON 1 7 - 4  0 1 0 1 1  1 0 1  
5 1 , 3 4 5 6 7 8 9 0 l 2  

1 1 l l O  
STUDY 4 4 1 2  3 9 i 4 6 4 a  4 4 i 3 1 1 2  9 1  1 4  

6 6 9 0 6 7 9 6  9 0 2 5 6 4 7 6 l 0 6 8 3 5 9 0 0  

1 1 1 1 1 1 '  
2 1 s  

P Y T Y  I t  t t t ; t  t t t + t t + t t t + t t t + t t + t /  

SU8CUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOMA 
FIBROMA 
FIBROSARCORA 
LI?OMA 

-.._.. 
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 

t + t + + + + + + + + t + + + + t + + t + + + + +  

x x  

LUNOS AND 8RONCHI  
SQUAMOUS C E L L  CARCINOMA, HETABTAT 
ADENOCARCINOMA, NOS, M C T A B T A T l C  
A L V E O L A R / ~ R O M C H I O L A R  ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
F O L L I C U L A R - C E L L  CARCINOMA, METAST 
C-CELL CARCINOMA, M E T A S T A T I C  

* t + + + * + + t + + + + t * + t + + + + + + t +  

x 

TRACHEA 

LARYNX 
F O L L I C U L A R - C E L L  CARCINOMA, I N V A S I  
C-CELL CARCINOMA, I N V A S I V E  

BONE MARROW 

SPLEEN 

+ t + + + +  t + + + + + +  't t + t + + t + + t + t  

N N N * N N N N N N N N N M N N N N N N N n n N N n  

t t t + + t + t t t t t t t + t + + + + t t + + +  

t + t + + t t + t + + t t t ~ + t t t + t t t + t  

- . . .. 
S Q U A M O ~ J - E E L L  CARCINOMA, PIETASTAT 
ADENOCARCIHOMA. NOS. M E T A S T A T I C  
F O L L I C U L A R - C E L L  CARCINOMAL, METAST 
C-CELL CARCINOMA. M E T A S T A T I C  

LYMPH unnEs I t t t t t t t t + t t t t + t + t t t .b t + t t +I 
X I 

THYMUS 

CIRCULATORY SYSTEM 

HEART 
AOEHOCARCINOMA, NOS, M E T A S T A T I C  

b I G E S T I V E  SYSTEM 

*-I - &  t t . - -  + t + t + + t - t  4 t t  t 

t + + t t t o t t c t t ~ + t t t t t +  

ORAL C A V I T Y  I N N N N N N N N N N N N N N N N N N N I4 N N N N N /  
SQUAMOUS C E L L  P A P I L L O M A  
SQUAMOUS C E L L  CARCINOMA 

B I L E  DUCT 

GALLBLADDER 8 COMMON B I L E  DUCT . 

S A L I V A R Y  GLAND 
ADENOCARCINOMA, NOS 

L I V E R  

,b t t t t t t  t t t t t t t t t t t t + + t t + t t  

N N N N N N N N N N N N N N N N N N N I 

'-1 t t t t t t t t t t - t t t t + t t t  

t t t t t t t t t t t t t t t t t t t +  

x 

+ t t t t t + t t t + t t + t t + t t + + t + t +  

.. 
NE~PLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
C O R T I C A L  CARCINO;lA, M E T A S T A T I C  
HALIG.LYMPHOMA. H I S T I O C Y T I C  T Y P E  

STOMACH 
ADENOMATOUS POLYP. NOS 
C A R C I N O I D  TUMOR, NOS 
LEIOMYOSARCOMA 
ENOOMETRIAL STROMAL SARCOMA. META 

t t + t t t t t t t t t t t + t t + t * + t t t t  

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  
ADENOMATOUS POLYP. NOS 

+ t t t t + + t t + t t t t + + t t +  

+ + t t t t t + t t t t t t t + t + +  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued) 

A N I M A L  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ ~  

UEEh ON 1 1 1  1 0 1  1 0 1 0 1 1 1 1 1 1 0  1 1 1 1  
STUDY 4 4  1 2 3 9  1 1 4 6 4 6 4 4  1 5  1 2 1 9  1 1 4 0  

6 6 9 0 6 7 9 6 9 0 2 5 6 4 7 6 0 6 ~ 3 5 ~ 0 0 5 .  

NUMBER 2 2 2 2 0 5 5 5 5 s 5 5 5 5 s ~ ~ ~ ~ 4 4 4 4 ~ ~  

I 1 1  
I S  1 

KIiDNEY 
CARCINOMA, NOS 
LIPOSARCOMA 

U R I N A R Y  BLADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

M 

+ + + + + + + + + + + + + + + + + + + + + + + + +  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  

x Y x x  x x x x x  Y x .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  
P I T U I T A R Y  

CARCINOMA, NOS 
ADENOMA, NOS 

S P I N A L  CORD 
OLIOODENDROOLIDRA 

A L  SENSE OROANS 

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  

1 X 
X X 1 

E Y E  

ZYMBAL QLAND 

FIBROMA 

SQUAMOUS C E L L  CARCINOMA 

RUSCULOSKELETAL SYSTEM 

BONE 
SQUAMOUS C E L L  CARCINOMA 

A L L  OTHER SYSTEf1S 

M U L T I P L E  OROANS NOS 
ALVEOLAR/BROWCHIOLAR CA, METASTAT 
P A P I L L A R Y  AOENOCASCINOMA. METASTA 
C O R T I C A L  CARCINOMA. M E T A S T A T I C  
f l IELO1IONOCYTIC L E U K E M I A  
MOIIOCYTIC LEUKEMIA 
LEUKEMIA,  MONOHUCLEAR C E L L  

P E R I N E U I I  NOS 
FIBROSARCOMA 

FOOT NOS 
F I B R O M A  

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

ADENOMA, NOS 
PARATHYROID 

C-CELL CARCINOMA, I N V A S I V E  

+ + N H N N N N N + N + N H + N N N H N + + N + N  

. . . . . . . . . . . . . . . . . . . . . . . . .  
1 
I 

N N N H N N N H N N N N N H N N N N N N N N N N N  

I 

N N N N N N N N N ~ H N N N N N N N N H N N N N N  
X 

X 

x x  X x x  x 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

. . . . . . . . . . . . . . . . . . . . . . . . .  

PI 

MAMMARY QLAND 

ADENOMA, NOS 
A D E I ~ O C A R C I N O M A ~  NOS 
FIBROADENOMA 

CARCINOMA, NOS 

P R E P U T I A L / C L I T O R A L  OLAND 

SOUAMOUS C E L L  CARCINOMA 

FEMALE EXTERNAL O E N I T A L I A  
CIBROSARCOMA, I N V A S I V E  

V A Q I N A  N N N N N N N N N N N N N N N  
FIBROSARCOMA 
ENDOMETRIAL STROMAL SARCOMA 

CARCINOMA, NOS 

UTERUS 
CARCINOMAi  NOS 
ADENOM&, NOS 
FIBROMA 
LEI DflYOMA 
CNDOf lETRIAL STROMAL POLYP 
EHDOMETRIAL STROMAL SARCOMA 

B R A I N  
CARCINOMA, NOS, I N V A S I V E  
ASTROCYTOMA 



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

A N I X A L  1 1  1 1 1 1 1  1 1  1 1 1  1 1 1 1 1 1 1 1  
NUMBER 5 5 5 5 5 5 5 5 5 5 b 6 b b b 6 b 6 b 6 7 7 7 7 7  
W E m  ON 1 1 0  1 1 1 1 1 1 1 1 0 0  1 1 1  

0 1 2 3 4 5 6 7 1 9 f i  1 2 3 4 5 6 7 a 9 0  

1 1 1 1 1 ~  

1 1 1 1 1 0 1 1 ~  
1 2 3 4 .  

STUDY 3 2 7 2 1 1 0  3 2 0 0 9 8 3 3 ' 1 4  3 4 3 2 6 3 1 0  

LUNGS AND BRONCHI  

6 2 7 1 8  9 3 8 9 8 8 4 3 0 6 1 1  3 4 6 4 1 6  3 6 5 5 .  
INTEGUMENTARY SYSTER 

LARYNX 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  
F O L L I C U L A R - C E L L  CARCINORA. I N V A S I  
C-CELL CARCINOMA. I N V A S I V E  

S K I N  
SPUAROUS C E L L  P A P I L L O R A  
SQUAMOUS C E L L  CARCINOMA 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 

BONE MARROW 

SPLEEN 

t t + t ~ 4 t t t t t t t t t t t t t t t t t t t +  
X 

X 

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOMA 
FIBROMA 
FIBROSARCORA 
L I P O R A  

+ 4 4 4 4 4 4 4 4 4 4 4 4 t + t t 4 4 4 4 t t t  
X 

I X 

LYMPH NODES 
SPUAROUS C E L L  CARCINOMA, R E T A S T A T  
ADENOCARCINORA. NOS. R E T A S T A T I C  
F O L L I C U L A R - C E L L  CARCINORA. METAST 
C-CELL CARCINOMA. R E T A S T A T I C  
RALIG.LYMPHORA, H I S T I O C Y T I C  T Y P E  . 

THYRUS 

CIRCULATORY S YSTEM 

S A L I V A R Y  GLAND 

L I V E R  

ADENOCARCINOMA. NOS 

N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCINORA 
C O R T I C A L  CARCINORA. M E T A S T A T I C  
MALIG.LYMPH0~1A.  H I S T I O C Y T I C  T Y P E  

B I L E  DUCT 

GALL8LAOOER 1 CORMON B I L E  DUCT 

* * * 4 t t 4 t 4 + 4 * 4 * 4 + t 4 t t t 4 t 4 4  

X 

t .4 - t .; t - t 4 4 4 4 t t 4 - t t t t - t - 4 t 

PANCREAS 
ACINAR-CELL ADENOMA 
ACINAR-CELL CARCINORA 

HEART 
AOENOCARCINOMA. NOS. M E T A S T A T I C  

D I G E S T I V E  S YSTEPI 

ESOPHAGUS t t t t t 4 t t 4 t t t t t t t 4 t t 4 t + + t t  

STOMACH t t t t + * t t 4 t t * * t 4 t t 4 t t t 4 t t t  

t t t t 4 t t t 4 + t t t ~ 4 t t t t t t t t t 4 4  

AOEHOMATOUS POLYP. NOS 
C A R C I N O I D  TUMOR. NOS 
LEIOMYOSARCOMA 
ENDOMETRIAL STROMAL SARCORA. RETA 

ORAL C A V I T Y  
SPUAfiOUS C E L L  P A P I L L O M A  
SPUAMOUS C E L L  CARCINOMA 

N N N N N N N * N N N N N N N N N N N N N N ~ N N N  

I 

Chrysotile Asbestos, NTP TR 295 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

YOMA 
AOENOMATOUS POLYP, NOS 
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t t t t * t t t t t * t t t t t t t t t t t t t t ,  

t + t t t t 4 t t t t t t t t t t t * t t t t t t  

X 



A N I M A L  
NUMBER 

WEEKS ON 
STUDY 1 2 7 2 1 1  

m A R Y  SYSTEM 

K I D N E Y  
CARCINOMA, NOS 
LIPOSARCOMA 

U R I N A R Y  BLADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

FNOOCRINE SYSTEM 

+ + k + t t + + + + + + + + t + + + + + + + t t t  
X 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

P I T U I T A R Y  
CARCINOMAr NOS 
ADENOMA. NOS 

C O R T I C A L  ADENOMA 
C O R T I C A L  CARCINOMA 
PNEOCNROMOCYTOMA 

ADRENAL 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

+ + + + + * + + + + + + * + + + + + + + + + + + +  
X 

X 
X 

T 
X x x  X 

1- 
PARATHYROID 

ADENOMA, NOS 
C-CELL CARCINOMA. I N V A S I V E  

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOPIA 
I S L E T - C E L L  CARCINOMA 

+ + + + + + + - + t + + + + + + * + + + + t + t +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

KEPROOUCTIVE SYSTEM 

P R E P U T I A L / C L I T O R A L  QLAND 
CARCINOMAr NOS 
SQUAMOUS C E L L  C A W I N O M A  

PCMALC EXTERNAL Q E N I T A L I A  

RAMMARY GLAND 
CARCINOMA, NOS 
ADCNORA, NOS 
ADCNOCARCINOMAr N 0 5  
FIBROADENOMA 

N n N N M N N N N N N N N N N N N N N N N N N N N '  
X 

X 

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  

UTERUS 
CARCINOMA, NOS 
ACEtlOMA, NOS 
FIBROMA 
LEIOMYOMA 
ENDORETRIAL STROMAL f O L Y P  
ENDOMETRIAL STROMAL SARCOMA 

P A P I L L A R Y  ADENOCARCINOMA 
GRANULOSA-CELL TUMOR' 

OVARY 

NERVOUS s n T e m  

B R A I N  
CARCINOMA. NOS. I N V A S I V E  
ASTROCYTOMA 

OLIGOOENOROGLIOMA 
S P I N A L  CORD 

VAOINA 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  
FIBROSARCOMA 
EHDOMETRIAL STROMAL SARCOMA X X 

+ /  + + t + + + * + * t + + + + + + + + + + + + + t  

X 

X 
X 

+ t + + + t + t + + + t + + t + + + + + + + + t +  

+ . + t + t t + t + t * + * + * + t t + + * * + * t  

X X 

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  

E Y E  

ZYMBAL GLAND 

FIBROMA 

SQUAMOUS C E L L  CARCINOMA 

MUSCULOSKELETAL SYSTEM 

BONE 
SQUAMOUS C E L L  CARCINOf'IA 

A L L  OTHER SYSTEMS 

+ + + + N t N + + + N + N N + N N N t N N N N N N  

+ + + * + + + + t * + t + + + * + + + + t + + t t  

N N N N N N N N N N N N N N N N N H N H N H N H H  

P E R I N E U M  NOS 
FIBROSARCOHA 

FOOT NOS 
FIBROMA 

I 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

A N I M A L  
NUMBER 

WEEKS ON 
STUDY 

tNTEGUMCNTARY SYSTEH 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9 9 9 9 ~  
7 7 7 7 7 8 8 8 8 8 ~ 8 8 8 8 9 9 9 9 9 9 k l l l  

5 6 7 8 9 .  
1 1 1 1  1 1 0 1 1 ~  0 1 1 1 1 0 0  1 1 1 0 1 1 1 1  
O 2 2 l l k 9 Z 3 2 9 1 1 1 1 8 9 k 4 2 9 l 1 3 1  

8 2 6 3 8 .  

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOHA 
FIBROMA 
FISROSARCOHA 

RESPIRATORY SYSTEM 

L I P o n A  

+ + + + + + + + + + * + + + * + * + + + + + + + t  

X 
X 

I 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  I LARYNX 
F O L L I C U L A R - C E L L  CARCINOWAr I N V A S I  
C-CELL CARCINOWA, I N V A S I V E  

LUNGS AND BRONCHI  
SQUAMOUS C E L L  CARCINOHA. METASTAT 
ADENOCARCINOMA, NOS, M E T A S T A T I C  
ALVEOLAR/BRONCHIOLAR ADENOWA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
F O L L I C U L A R - C E L L  CARCINOMA. PIETAST 
C-CELL CARCINOWA, W E T A S T A T I C  

TRACHEA 

t + t t + + t + t + t + t + + + + t + + t t t t t  

+ t t + + t + + + + t + * + t t + t t t t + t t t  

S A L I V A R Y  OLAND 
AOEHOCARCINOMAn NOS 

H HA 

BONE HARROW 

S P L E E N  

LYMPH NODES 
SQUAMOUS C E L L  CARCINOWAr HETASTAT 
ADENOCARCINOHA. NOS. H E T A S T A T I C  
F O L L I C U L A R - C E L L  CARCINOMA. PIETAST 
C-CELL CARCINOWI,  M E T A S T A T I C  
WALIG.LYHPHOPIA, H I S T I O C Y T I C  T Y P E  . 

TH,YWUS 

CIRCULATORY SYSTEM 

HEART 
 ADENOCARCINOMA^ NOS. H E T A S T A T I C  

O I G E S T I V E  SYSTEW 

ORAL C A V I T Y  
SQUAMOUS C E L L  P A P I L L O W A  
SQUAMOUS C E L L  CARCIHOWA 

+I L I V E R  t t ~ + t + t + + t t + t , t + + t t + t + + t  
N E O P L A S T I C  NODULE X 
HEPATOCELLULAR CARCINOHA 
C O R T I C A L  CARCINOWA, M E T A S T A T I C  
WALI5.LYHPHOWA. H I S T I O C Y T I C  T Y P E  

M M -  
t + t t t + t + t t + + + + + + t + t + t t t t +  

t t t + t + + * t t + + t t t t + t t + * * * * *  

t + + t + + t t t t * + + + + t * t t + t + t t t  

+ .* t - . t ,  + + + - t t t - - + + t - t t t + t + - 

+ t + + + + + t + ~ + + ~ + + t t t t + t + + + t  

N N N N N N N N N N N N N H N N N N N N N N N N N  

GALLBLADDER cannon BILE DUCT . 
PANCREAS 

ACINAR-CELL ADENOWA 
ACINAR-CELL CARCINOMA 

ESOPHAGUS 

STOWACH 
ADENOWATOUS POLYP, NOS 
C A R C I N O I D  TUMOR, NOS 
LEIOWYOSARCOWA 
ENDOHETRIAL STROMAL SARCOHA, HETA. 

SMALL INTESTINE 

LARGE I N T E S T I N E  
ADENOWATOUS POLYP. NOS 
LEIOWYOWA 

Chrysotile Asbestos, NTP TR 295 

W N N M N N N N N N N N N F( N N N N N N N N N N L. 
+ t t + t + + + + t + + + + + t t t t t + t t t t -  

t t t + t t t + t t t * t + t t + t t t t t t t +  

* t t ~ t + ~ + t t * t t + + + + + t * * + * + *  

+ * * * + + * t * * + + + + + , + + * * * + + * +  

+ + * * * + + t t + + + + t + ~ + + t t + + + + +  
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T 

U R I N A R Y  BLADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

SYSTEM 

K I D N E Y  
CARCINOMA, NOS 
LIPOSARCOMA 

~ t t t t t t t t t t t t t t t t t t t t t t t t  

I 
+ t t t t t t t t t t + t t t t t t t t * * * + * I  

+ t t t t * t t t + t + t t t t t t t t + t t t t  
X 

X x -  
T :  

REPRODUCTIVE SYSTEM 

NAMRARY GLAND 
CARCINOMA, MOS 
ADEIIDMA. NOS 
AOENOCARCINOMA, NOS 
FIBROADENOMA 

P I T U I T A R Y  
CARCINOMAI NOS 
ADENOMA, NOS 

J. 

t * t t t t t + t + t * t + t * t t t t t t t t t  

X X 
X 

X x x  x x  x x x x  x x x  

ADRENAL 
C O R T I C A L  ADENOMA 
C O R T I C A L  CARCINORA 
PHEOCHROMOCYTOMA 

NUSCULOSKELETAL SYSTEM 

BONE 
SQUAMOUS C E L L  CARCINOMA 

* t t t t t t t t t t t t t t t t t t t + t + t  
X x X 

x x  X X X X X X 

N N N N N N N N M N N N N N N N N N N N N N N N N  

A- 

M U L T I P L E  ORGANS NOS 
ALVEOLAR/BRONCHIOLAR C A S  METASTAT 
P A P I L L A R Y  AOFNOCARCINORA. N E T A S T I  
C O R T I C A L  CARCINOMA. R E T A S T A T I C  
MYELDMONOCYTIC L E U K E N I A  
MONOCYTIC LEUKEMIA 
L E U K E N I A ,  NONONUCLEAR CELL 

P E R I N E U R  NOS 

FOOT NOS 
FIBROMA 

FIBROSARCOMA 

T H Y R O I D  t ;  t t ; t :  t t t : , t  t t t ; t  t t t t 
F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

ADENOMA, NOS 
C-CELL CARCINOMAr I N V A S I V E  

PARATHYROID t t t t t t t t t t t t  t t t t  t t t t , +  

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 i  

x x  x x  x x x  x x  
X 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

t t t t t t t t t t t t t t + t t t t t t t t t  

P R E P U T I A L I C L I T D R A L  GLAND 
CARCINOMA, NOS 
SBUAROUS C E L L  CARCINOMA 

FEMALE EXTERNAL O E N I T A L I A  
FIBROSARCOMA. I M V A S I V E  

VAOINA 
FIBROSARCOMA 
ENDOMETRIAL STROMAL SARCOMA 

UTERUS 
CARCINONA, NOS 
ADENOMA, NOS 
FIBDOMA 
LEIOMYOMA 
ENDOMETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 

N - N  N N N N N N N N N N N N N N N N N N N M N N N /  
X 

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  

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  

t + t t t t t t t t t t t t + + t * t t t t t t t ~  
I 
1 

X X 

+ t t + * t t t t t t t * + t t t t t t t + t t + ~  
I 
I 

OVARY 
P A P I L L A R Y  ADENOCARCINOflA 
GRANULOSA-CELL TUMOR 

m R V O U S  SYSTEM 

i t * t t t t + t t t * t + t t t t t t t t t t + ~  

X 
x B R A I N  

CARCINONA, NOS. I N V A S I V E  X X 
ASTROCYTOnA 

S P I N A L  OLIGODENDROGLIOMA CORD / N N N N N N N N N N N N N N N N N N N N N N N N d  I 
I 
I I 

S P E C I A L  SEHSE ORGANS 

245 Chrysotile Asbestos, NTP TR 295 



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTEBMEDIATE-RANGE (Continued) 

ANIRAL 
NUMBER 
UEEKS ON 
STUDY 

ARY SYSTEM 

LUNQS AND BRONCHI 
SQUAMOUS CELL CARCINONA, METASTA 
ALVEDLAR/BRONCNIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
FOLLICULAR-CELL CARCINOMA, METAS' 

ADEHOCARCINONAr NOS, METASTATIC 

C-CELL CARCINOMA, PIETASTATIC 
TRACHEA 
LARYNX 
FOLLICULAR-CELL CARCINOMA. INVAS: 
C-CELL CARCINOMA, INVASIVE 

T Ell 
BONE MARROW 
SPLEEN 
LYMPH NODES 
SQUAROUS CELL CARCINOMAS NETASTA1 
ADENOCARCINOMA, NOS, META3TATIC 
FOLLICULAR-CELL CARCINOMA, METASl 
C-CELL CARCINOMA, RETASTATIC 
RALIQ.LYRPNOMA', HISTIOCYTIC TYPE 
THYRUS 

SYSTER 
HEART 
AOENOCARCIHOMA~ NOS, METASTATIC 

R 

ORAL CAVITY 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINORA 

SALIVARY QLAND 
AOENOCARCINONA~ NOS 

L I V E R  _ _  . 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 
CORTICAL CARCINONA, METASTATIC 
RALIQ.LYRPHORAo HISTIOCYTIC TYPE 

BILE DUCT 
GALLBLADDER 8 COMMON B I L E  DUCT 
PANCREAS 
ACINAR-CELL AOENORA 
ACINAR-CELL CARCINOMA 

ESOPHAGUS 
STONACH 
ADENONATOUS POLYP, NOS 
CARCINOID TUROR, NOS 
LEIORYOSARCORA 
ENDONETRIAL STROMAL SARCOMA, META 

SRALL INTESTINE 
LARGE INTESTINE 
AOEHONATOUS POLYP, NOS 

Chrysotile Asbestos, NTP TR 295 

N N N N N N N N N N N N N N N N N N N N N H N N N  

X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued) 

A N I H A L  9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 1 9 9 9 9 9 ,  
NUMBER 5 5 5 3 5 5 5 5 3 3 6 : 6 6 6 6 6 6 6 6 7 7 7 7 7  

0 1 2 3 4 S 6 7 8 9 0  
WEEKS 0 N 0 1 1 1 1 1  1 1 0 1 0 1 0 1 1 1 0 1  
STUDY 9 2 2 1 4  2 ' 0  4 2 8 3 8 3 9 2 ' 1 ' 2  

6 1 0 1 6  2 1 s  6 1 4  2 3 1 7  9 S i 0 1 9  

4 .  
0 1 1 1 1 1 1  

8 0 6 1 ' 2  3 2 1 3  1 
4 8 7 8 1 ,  4 3 1 0  B 

KIDNEY + + t t + t + + t t + t + + t t t + + t + + + +  
CARCINOMA. NOS 
LIPOSARCOMA 

URINARY BLADDER 
TRANSITIONAL-CELL P A P I L L O H A  

+ t ' t + t t t + - t + + + t + t t + + t + t + + t  
X 

E E  
P I T U I T A R Y  I + t + t + t + + + t + + t + + + + t + + t + + t t  

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

EAREINOMA. NOS 
ADENOHA, NOS x x x  X X x x x  X 

t + + t t + t t t + + t t + t t + t + t + t + t t  
X X X X 

x x .  
X 

x x  

t t + t + + t t + t t + t t + t + t t t t t + t +  

X X X 

x x  

+ + t t + + t + + t + t t + + t + + t + t + t t  

X X X x + /  
J x  x x x  x x  X X X X X X L  

PREPUTIAL/CLITORAL GLAND 
CARCINOMA. NOS 
SOUAMOUS CELL CARCINOMA 

PARATHYROID + + - + t + + t + + + - + + + + t t + t + + + + +  
ADENOHA, NOS 
C-CELL CARCINOMA, I N V A S I V E  

I 
N M N N N N N N N N N N N N N N N N N N N N N N N  

X X 

1 

PANCREATIC I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

FEMALE EXTERNAL G E N I T A L I A  
FIBROSARCOMA. I N V A S I V E  

FIBROSARCOHA 
ENDOHETRIAL STROHAL SARCOMA 

VAGINA 

t l  + t t t + + t + t t + t t + t + + t + t + t + t  

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 '  

N N N N N N N H N N N N N N N N N N N N N N N N N  

I 
m D D U C T I V E  SYSTEH t 

OVARY 
P A P I L L A R Y  ADENOCARCINOMA 
GRANULOSA-CELL TUHOR 

NERVOUS SYSTEM 

MAHMARY GLAND 
CARCINOMA, NOS 
ADENOMA, NOS 
ADENOCARCINOMA, NOS 
FIBROADENOMA 

t t + + t t + t + + t t + t + + t t + + + t + +  

ZYHllAL GLAND l t t + t t t + + t t + t t + t t + t t t t t + + t  
SQUAHOUS CELL CARCINORA 

HUSCULOSKELETAL SYSTEH 

BONE 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  
SQUAMOUS CELL CARCINOUA 

A P -  

M U L T I P L E  ORGANS NOS 
ALVEOLAR/BRONCHIOLAR CA, METASTAT 
P A P I L L A R Y  ADENOCARCINOMA, METASTA 
CORTICAL CARCIHOHA., METASTATIC 
MYELOHONOCYTIC LEUKEMIA 
MONOCYTIC LEUKEMIA 
LEUKEMIA. MONONUCLEAR CELL 

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  

X X x x  x x  x x  

+I t + t + t + t + + t t t + + t + + + t t t + t +  l x  
x x  X 

XD 

S P I N A L  CORD 
OLIGODENDROGLIOMA 

~ N N N N N N N N N N N N N N ~ N N N N N N N N N ~  I 

~PECIAL SENSE ORGANS 
I 

EYE 
FIBROHA 

I ~ 

PERIHEUM NOS 
FIBROSARCOHA 

FIBROMA 
FOOT HOS I I 

a: PIULTZPLE OCCURENCE OF PlORPHOLOGY 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: INTERMEDIATE-RANGE (Continued) 

TRACHEA + + + + + + + + + + + + + + ' + * - + +  + + + + + +  

. . . . . . . . . . . . . . . . . . . .  
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 

249  

SUSCUTANEOUS TISSUE + + + + + + + + + + + + + + + + + + + + + + + + + 
SOUAMOUS CELL CARCINOMA 
FIBROMA X 
FIBROSARCOMA X 
LIPOMA 

LYMPH NODES 
SQUAMOUS CELL CARCINOMA, METASTAT 
ADENOCARCINOMA, NOS, METASTATIC 
FOLLICULAR-CELL CARCINOMA, METAST 
C-CELL CARCINOMA, METASTATIC MALIO.LYMPNOMA. HISTIOCYTIC TYPE. 

+ + + + + + + + + + + + + + + + + + + + + + + + +  250 I /  X 
X 

N N N N N N N N N N N N N N N N N M N + M N N N N 
X I X 

LARYNX 
FOLLICULAR-CELL CARCINOMA, INVASI 
C-CELL CARCINOMA, INVASIVE 

ORAL CAVITY ' N N N N N N N N M N N N N N N N N N N N N N N N N  
SQUAMOUS Call PAPILLOMA 
SQUAROUS CELL CARCINOMA 

I I 

ZION 
t 

BONE MARROW 
SPLEEN 

SALIVARY OLAND . . . . . . . . . . . . . . . . . . . . . . . . .  24b 

THYMUS + + . +  + + . +  - + + + + + + - + + - + - + - + + + - 199 

I I 

LIVER 
NCOPLASTIC NODULE 
HEPATOCCLLULAR CARCINOMA 
CORTICAL CARCINOMA, META8TATIC 

HEART 
ADENOCARCINOMA, NOS, METASTATIC 

. . . . . . . . . . . . . . . . . . . . . . . . .  250 
4 
2 
I 

MALIO.LYMPHOMA, NISTIOCYTIC TYPE , 1 

ESO?HAOUS 
STOMACH 
ADENOMATOUS roiyr, No) 
CARCINOID TUMOR, NOS 
LEIOMYOSARCOMA 
EMDOMETRIAL STROMAL SARCOMA, META. 

SMALL INTESTINE 
LAROE INTESTINE 

AOENOMATOUS roiyr, NOS 

BILE DUCT + + * + + + + + *  * + + + * + + + + +  + + + + + + I  250  

OALLDLAOOCR C COMMON BXLC DUCT N II N N II N N N N N N N N N N N N N N N N N N N N 29O* 

. . . . . . . . . . . . . . . . . . . . . . . . .  250 

+ + + + + + + + + + + + + + + + + + + + + + + + + 250, 

2 
1 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  2k9 

. . . . . . . . . . . . . . . . . . . . . . . . .  250 
X t 

t 

?ANCREAI 
ACINAR-CELL ADKNOMA 
ACINAR-CELL CARCINOMA 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS INTERMEDIATE-RANGE (Continued) 

URINARY BLADDER 
TRANSITIONAL-CELL PAPILLOMA 

P ITUITARY 
CARCINOPIA, NOS 
ADENOMA, NOS 

KIDNEY 
CARCINORA, NOS 
LIPOSARCOMA 

+ + + 4 + + + + + + + + + + + + + + t + + + + + + 2 4 7 ,  

. . . . . . . . . . . . . . . . . . . . . . . . .  249 
14 

X X X X X X  X x x x  X X 1 0 1  

. . . . . . . . . . . . . . . . . . . . . . . . .  250  
1 
1 

ADRENAL 
CORTICAL ADENOMA 
CORTICAL CIRCINOWA 
PHEOCHROMOCYTOMA 

IOLLICULAR-CELL ADENORA 
POLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 

TNYROID 

. . . . . . . . . . . . . . . . . . . . . . . . .  249 
10 

5 
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  248 
X 1s 

14 X x x  x x  - x  X 26 

+ + + + + + + + + + + + + + + + + + + + + + + + + 250M 
S 

X X 21  x x  9 
x x x x  X X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  235 
1 ADENOMA, NOS 

C-CELL CARCINOMA, I N V A S I V E  I 

PARATHYROID 

PREPUTIAL/CLITDRAL OLAND 
CARCINORA, NOS 
SQUAMOUS CELL CARCINOMA 

PANCREATIC I S L E T S  
ISLET-CELL AOENOWA 
ISLET-CELL CARCINOMA 

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 25OM 
16 X 

I 

W t 

PIMALC CXTCRNAL OCNITALIA 
IISROSARCOBA, INVASIVC 

VAOINA 
IIBROSARCDRA 

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 2 w  

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 2lOW 
1 

UTERUS 
CARCINOBA, NO# 
ADENOBA, NOS 
I ISROMA 

ENDORETRIAL BTROWAL POLYP 
LEIOMYOMA 

+ * * * + * i * + * * * * + + t * + * + + * t + 2 4 9 ,  

1 
1 
2 

X X 22 

OVARY 
PAPILLARY ADENOCARCINOMA 
ORANULOSA-CELL TUMOR 

+ + + + + + + + + + + + + t + + + + + + + + + + t 2 4 9 ,  

X 4 

. . . . . . . . . . . . . . . . . . . . . . . . .  BRAIN 
CARCINOWA, NOS, I N V A S I V E  

210 
13 

SPINAL CORD 
OLIOODENDROOLlOMA 

A N I  

CY E 
IIBROWA 

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 2 l O M  
1 

N N N N t + + N N N N N + N N N N N N N + N N N H 25011 
1 

ZYMBAL OLAND 
seuAmous CELL CARCINOWA 

LETAL 5YSTEM 

BONE 
SQUAPIOUS CELL CARCINOMA 

h L L  OT- 

MULTIPLC OROAYS NOS 

+ + + N + + + + + + + t + + + + + + + + + + t + t 250n 
7 X X 

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 25OM 
1 

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 250W 

CORTICAL CARCINOMA, METASTATIC 

MONOCYTIC LEUKERIA x x x  x x x x  X X 
MYELOMONOCYTIC LEUKeMIA 

LEUKEMIA, MONONUCLEAR CELL 

2 
2 

76 
G ,. 

PERINEUPI NOS 
FIIROSARCOMA 

FOOT NOS 
FIBROMA 

I 
1 

1 



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS 14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE 

SUBCUTANEOUS T I S S U E  
CARCINONA, NOS 
KERATOACANTHONA 
FIBRONA 
FIBROSARCOMA 

I 3 1  31 ZI II 51 
INTEGUMENTARY SYSTEM 1 

t * + * + t * * + t * + t * + * * t t + t t + + *  

LUNGS AND BRONCHI 
SQUAMOUS CELL CARCINOMA, METASTAT 
ALVEOLAR/BRONCHIOLAR ADENOMA 
PHEOCHROMOCYTOMA, N E T A S T A T I C  
LIPOSARCONA, METASTATIC 
M I X E D  TUMOR, N E T A S T A T I C  
HEMANGIOSARCOMA, METASTATIC 

t + + t + + + + + + + + t + + * + t + + + + + +  

I X 

X 

TRACHEA 

NASAL C A V I T Y  
SQUANOUS CELL CARCINOMA 

7 r E R m m m c  SYSTEM 

BONE MARROW 

SPLEEN 

t + t * ~ + + + + ~ ~ + + t ~ ~ * t ~ * * t + * *  

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  

HEART 
M I X E D  TUMOR, METASTATIC 
NEURILEMOMA 

D I G E S T I V E  S YSTErl 

L I V E R  
B I L E  DUCT ADENOMA 
NEOPLASTIC NODULE 

t + + * + + + * + + + * + + + t + + * t t t t t t  
X 

HEPATOCELLULAR CARCINOMA 
N I X E D  TUMOR, N E T A S T A T I C  
HEPIANGIOSARCONA 

LARGE I N T E S T I N E  
AOENOCARCINORA, HOS 
AOEHONATOUS POLYP, NOS 
AOEHOCA I N  AOEtiONATOUS POLYP 
MUCINOUS CYSTADENOCARCINOMA 
SIGNET R I N G  CARCIHONA 

I x  

+ t t + * ~ * * t * t * ~ ~ t t t + t + t t * * *  

x x x  x x  X x x x x  1 
X X 

X 
I 

X 

U R I N C R T  STSTEI'I 

K I D N E Y  

URINARY BLADDER 

M I X E D  TUMOR. M A L l G N I N T  

x x  

I 
+ + t + + + + + 4 t t + t + ~ t + + ~ + t ~ + + + ~  

I 
X X x x  X X X L 

~ t ~ t + + + * t + t + + + + * * ~ t t + + t ~ *  

X 

B I L E  DUCT + + + + t t + + + + t ~ + t t + + + + + ~ + t * t  

GALLBLADDER 4 COMNON B I L E  DUCT N N N H N N N N N N N N N N N N N N N N N N N N t 4  

PAHCREAg 
N I X E D  TUMOR, I N V A S I V E  
RXXED TUHOR, RETASTATIC 

ESOPHAGUS 

STOMACH 

*: T I S S U E  EXAMINED MICROSCOPICALLY : NO T I S S U E  INFORMATION SUBMITTED 
-: REQUIRED T I S S U E  NOT EXAMINED NICROSCOPICALLY C: NECROPSY. NO HISTOLOGY DUE T O  PROTOCOL 
X: TUIlOR I H C I D E t i C E  AUTOLYSIS 
N: NECROPSY. NO AUTOLYSIS, NO NICROSCOPIC EXAMINATION :I ANINAL M I S S I N G  
S :  ANIMAL NIS-SEXED B: NO NECROPSY PERFORMED 

Chrysotile Asbestos, NTP TR 295 250 



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RAT8 IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS 1,Z-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

; 8 8 8 8 ' 8  8 8 8 8 8 9 9 9 
9 0 1 2 3 4 5 6 1 8 9 0 1 2 3 4 5  

9 9 9 

1 I i  1 I 1 

8 4 3 8 9 3 8 2 1 9  2 1 0  0 9 1 4 1 6  
0 : :  1 1 :  e n : , f i ! I :  o f : I o  

PITUITARY 
CARCINOMAt NOS 
ADENOMAI NOS 

+ + + * + + + + + + + + + + + + + + + + t + 4 + t  
% 

ADRENAL 
CORTICAL ADENOMA 
CORTICAL CARCINOMA 
PHEOCHROMOCYTORA x x  
PNEOCHROMOCYTORA~ MALIQNANT r 

i !  
9 4 .  

kNOOCRINE SYSTEM 

PANCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

x x  x x  X X X X x .  

MAMMARY OLAND 
ADCNOMAI NOS 
AOENOCARCINOPIAr NOS 
FIBROADENOMA 

CARCINOMA. NOS X 
PREPUTIAL/CLITORAL QLAWD N N N N N W N N N N N N N N N N N N N N N N N N N  

VAQZNA N N N N N N N N N N N N N N N W N N N N H N N N N  
ENOOMETRIAL STROMAL SARCOMA, INVA c 

THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL AOENOMA 
C-CELL CARCINOMA 

PARATHYROIO 

X x x  
X 

INVAJ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
X X 

X X 

+ + * + + + * - + + * * + - + + + + + * + + + + +  
+ + + * + + + + + * + * + ' + + + + + + + + + + + +  

UTERUS 
PAPILLARY CARCINOMA 
AOENONA, NOS 
PAPILLARY ADENOMA 
LEIOMYOSARCOMA 
ENDOMETRIAL STROMAL POLYP 
ENOOVETRIAL S T R W A L  5ARCOMA 
ENDOMETRIAL STROMAL SARCOMA, 

OVARY 

UAMOUS CELL CARCINOMA 
ZYMlAL OLAND 
SOUAIIOUS CELL PAPILLOMA 

L CARCINORA 

MUSCLE N N N M N N N N N W N N N N N N N N W W N N M N N  

YSTADENOCA. METASTATIC 
PERITONEUM 

MESENTERY 

MIXED TUHOR, INVASIVE 

MIXED TUROR, INVASIVE 

MULTIPLE ORQANS NOS 
NUCINOUS CYSTADEHOCA, RCTASTATIC 
SIGNET RIHQ CARCINOMA, HETASTATIC 
MALIO.LYMPHORA. UNOIFFER-TYPE 
MYELONONOCYTIC LEUKEMIA 
MONOCYTIC LEUKEMIA 
LEUKEMIAV MONOHUCLEAR CELL 

N N N N N N N N N N N N N N N N N H N N N N N N N  

x x x x x x  x x x x X x x  x 
X t 

ADIPOSE TISSUE 
MUCINOUS CYSTAOENOCA, METASTATIC 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS l$-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

A t l I M A L  3 3 5  4 4 4 4 4 4 4 4 4 4 4 4 4 + + 4  
NUNBER 9 / : ! 9  9 D 0 D D 0 D 0 0 D D 

8 9 D 1 2  3 4 5 6 7 8 9 0 
WEEKS ON 1 0 0 1 1 1 1 0 1 0 1 1 0 1 1 1 1  
STUDY 11 81 5 '  ! ' . I  D 0 '  7 0 8 11 D /  3 1 1 

4 4 4 4 4  

1 2  3 4 5 1 6  7 8 9 0 

1 1 B 9 81 6 8 1  6 9 1  9 

1 1  1 I 1  1 1 1  1 1  1 / 2 [  

D 0 0 0 1 0  0 0 1 0 .  

SUQCUTANEOUS T I S S U E  
CARCINOMA, NOS 
KERATOACANTHOPIA 
F I B R O l l A  
FIBROSARCOMA 

9 1 2 1 2  9 I S  8 0 1 4  a 9 

/ t t t t t t t t + t t t t t t t t t t t t t t t +  

X I X 

I 1  6 4 9 9 9 4 3 6 D 5 1 1  8 1 7 .  

I 
RESPIRATORY SYSTEM t 

TRACHEA 

NASAL C A V I T Y  
SQUAMOUS C E L L  CARCINOMA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

SPLEEN 

LYMPH NODES 

t t t t t + + + t + + t t t t + t t + + + + t + t  

X 

LUNGS AND BROHCHI  
SQUAMOUS C E L L  CARCINOMA, METASTAT 
ALVEOLAR/BRONCHIOLAR ADENOMA 
PHEOCHRONOCYTOMA~ N E T A S T A T I C  
ITPOSARCOMA. PIETASTATIC I 

+ + + ~ + t t t t * + + t t + + + t t * + t + t t  

H N N H N N N N N N H H N N N N N N N N N N N N N  

t t t t t + t t t t t t + t t + t t ~ t t t - t t  

t t t t t t t t t ~ t ~ t t t t ~ t t + t t t t t  

* * * + + + + + * * + + + ~ + * t + + * t + + t t  

-. - -. . . . - - . . . . , . . - . . . - . . . . - - 
M I X E D  TUMOR, M E T A S T A T I C  
HEMANGIOSARCOMAp M E T A S T A T I C  i c 

HEART 
t l I X E D  TUMOR, M E T A S T A T I C  
N E U R I L  EMOMA 

D I G E S T I V E  SYSTEM 

t t t t t ~ t t t ~ t t + t t t ~ t t t t t + t t ~  

.x -ADEt!OCARCINOMA, NOS, M E T A S T A T I C  
MLiCINOUS CYSTADENOCA. M E T A S T A T I C  
S I G N E T  R I N G  CARCINOMA, M E T A S T A T I C  

THYMUS ~ t t t t t + t t t - t t t + - t + t t t + t + t  

I '  I R R C U L A T O R Y  SYSTEN 

S A L I V A R Y  GLAND 

L I V E R  

B I L E  DUCT 

GALLBLAOOER 8 COMMON B I L E  DUCT 

PANCREAS 
M I X E D  TUMOR, I H V A S I V E  
M I X E D  TUPIOR, METASTATIC 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I H E  
AOENOMATOUS POLYP. NOS 
ADEHOCA I N  ADENOMATOUS P O L Y P  
MUCIt4OUS CYSTAOENOCARCINOMA 
S I G N E T  R I N G  CARCINOMA 

LARGE I U T E I T T Y P  

+ * + * * t + * + * + t * + + + + + + + + + t +  
X 

X x l x  X 

* + + + * * * + + * + + ~ + t * * + * t  

X 
X 

x x  X X X r X X 

I 
URINARY SYSTEM t 

K I D N E Y  

U R I N A R Y  BLADDER 

M I X E D  TUMOR, MALIGHAHT 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS l&DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

ANIMAL 3 3 3 3 4  4 4 4 4 4 4 4 4  

6 7 8 9 0 1 1  2 3 4 5 6 7 8 9 0 1 2  3 
WEEKS ON 1 0 0 1 1 1 1 0 1 0 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0  
STUDY 1 8  5 1 ' . 1 ' 0 1 0  7 0 1 8  1 0  3 1 ' 1  1 ' 1  8 

9 2 2 ~ I S I S I O  4 8 1 9  0 1 6  4 1 9  9 1 9  4 

MURDER 9 9 9 9 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2  
4 4 4 4 4 + + 4 4 4 4 4  

4 5 6 7 8 9 0. 

9 8 ' 6  8 1 6  9 9 
3 6 1 0  S I t  8 7 

P I T U I T A R Y  
CARCIHOMAt dOS 
ADEMOMA, NOS 

* 4 4 + * * 4 * * * + + ~ + + * * * * * * * * + +  

X 
X x x  X X X 

X 

+ + + * + * * + + t t + t * + + t * + t * t t t t  

X X X X x x x x  

I 

ADRENAL + + * + 4 4 4 + * 4 + + + 4 4 4 * + + + 4 + 4 + t  
CORTICAL ADENOMA 
CORTICAL CARCINOMA 
PHEOCHROROCYTOMA 
PHEOCHROMOCYTOMAV RALXGNAMT 

FOLLICULAR-CELL ADEMDRA 
FOLLICULAR-CELL CARCIMORA 
C-CELL ADENORA 
C-CELL CARCINOMA 

THYROID 

PARATHYROID 

PANCREATIC I S L E T S  
I S L E T - C E L L  AOENORA 
I S L E T - C E L L  CARCINORA 

P R E P U T I A L / C L I T O R A L  GLAND 
CARCINOMA. NOS 

VAGINA 
ENOOMETRIAL STRORAL SARCORA, IMVA 

N N M N N N N M H N N N M N N N N N N N N N N N N '  

N M N N M N N M H N N N H N H N N N N H N ~ N M N  

X 

OVARY 
GRAHULOSA-CELL TUROR 

MERVOUS SYSTEM 

UTERUS 
P A P I L L A R Y  CARCINORA 
AOEHOMA. NOS 
P A P I L L A R Y  ADENOMA 
LEIOMYOSARCOMA 

. * * * * * * ~ ~ t * C 4 4 3 + 4 ~ + C 4 4 + + 4  

EH~OME~RIAL-STRORAL POLYP 
ENDOMETRIAL STROMAL SARCORA 
ENOOMETRIAL STROMCL SARCORA, 

B R A I N  
CARCINOMA, NOS, I N V A S I V E  
bSTROCYTORA 

I 
* 4 * 4 + * * * * * 4 + * + + * 4 * * * 4 4 4 4 4 ~  

I 
X ! 

MUSCULOSKELETAL SYSTER 

MUSCLE 
nIxEo TUROR. INVASIVE 

BODY C A V I T I E S  

MEDIASTINUM 
MUCINOUS CYSTAOENOCA, R E T A S T A T I C  . 

M I X E D  TUMOR. I N V A S I V E  
PERITONEUM 

MESENTERY 
M I X E D  TUROR. I N V A S I V E  

A q  

I 

I 
4 4 4 4 ~ + + ~ 4 4 + 4 4 4 + 4 ~ 9 4 ~ 4 ~ 4 4 4 4 ~  

I 

EAR 
SQUAMOUS CELL CARCINORA 

I 

I 
N N ~ N N N N N N N N H N N N N M N N ~ N N N N N l  

N N M M M N N N N N ~ ~ N M ~ ~ N M N N ~ ~ N N N ~  

N N N * N  N N N N N  N N N N N H M N N  H N N N N N N  

N N N N N N N ~ H H N N N M N N N N N N N N N N N  

+ 4 ~ + + 4 4 ~ + 4 + + 4 4 + 4 4 4 + + 4 4 4 +  I X 
I .  

MALIG.LYMPHOMA. UNOIFFER-TYPE 

P!ONOCYTIC LEUKEMIA 
MYELOMONOCYTIC LEUKEMIA 

LEUKEMIh.  MONONUCLEAR CELL 

X 
X 

X x x  x x x  x x x  X X 

ADIPOSE T I S S U E  
MUCINOUS CYSTADENOCA. f l E T A S T A T I C  
M I X E D  TUMOR. I N  V 4 S I V E  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
SMJDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS 19-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

HEART 
N I X E D  TUNOR, N e T A S T A T I C  
N EUR I L ENOMA 

D I G E S T I V E  SYSTEN 

S K I N  
BASAL-CELL TUNOR 
I A S A L - C E L L  CARCINOMA 
KERATOACANTHOMA 

t t t t t t t t t t t + t t t + t t t t t t t t t  

SUBCUTANEOUS T I S S U E  
CARCINOr lAr  NOS 
KERATOACANTHONA 
FIBROMA 
FIBROSARCOMA 

t t + t t t t t t t t t t t t t t t + t + t t t t  

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 .  

t + + t t t t t t t t t + t t t t t t t t t t t t  

t t t t N t t t t t t t t t t t t t t t t t t t t  

t t t t t t t t t t t t + t + t t + t t t t t t +  

t + t t t t t t t + t t t t t t t t t t t t t t t  

t t t t t t t t t t t t t t t t t t t t t t t t ~  

X X 
X 

t t t t t t t t t t t t t t t t t t t t t t t t +  

X x x x  x x x  X 

t t t t N t t t t t t t t t t t t t t t t t t t t  
X 

I 
U R I N A R Y  SYSTEN I 

K I D N E Y  t t t t t t + t t t t t t t t t t t t t t t t + +  
M I X E D  TUMOR, MALIGNANT X X X 

LUNOS AND BRONCHI  
SQUAMOUS C E L L  CARCINOnA,  M E T A S T A I  
ALVEOLAR/BRONCHIOLAR AOENONA 
PHEOCHRONOCYTONAI M E T A S T A T I C  
L IPOSARCONA,  N E T A S T A T I C  
M I X E D  TUMOR, M E T A S T A T I C  
HEMANQIOSARCONA. N E T A S T A T I C  

t t t + t t t t t t t t t t t t t t t + t t t t t  

X 

TRACHEA 

NASAL C A V I T Y  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  

SPLEEN 

S A L I V A R Y  GLAND 

L I V E R  
B I L E  DUCT ADENONA 
N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCINOHA 
M I X E D  TUMOR, M E T A S T A T I C  
HEMANGIOSARCONA 

B I L E  DUCT 

GALLBLADDER I COMNON B I L E  DUCT 

PANCREAS 
M I X E R   TUMOR^ INVASIVE 
R I X E D  TUNOR, M E T A S T A T I C  

ESOPHAGUS 

S TOMA CH 

SMALL I N T E S T I N E  
AOENONATOUS POLYP, NOS 
AOENOCA I N  AOENOMATOUS POLYP 
RUCINOUS CYSTAOENOCARCINONA 
S I G N E T  R I N G  CARCINONA 

AOEHOCARCINONA, NOS 
AOENONATOUS POLYP,  NOS 
AOENOCA IN ADENOMATOUS POLYP 
HUCINOUS CYSTADENOCARCIHOMA 
S I G H E T  R I N G  CARCIHOMA 

LARGE I N T E S T I N E  

t t t t t t t t t t t t t t t t t t t t t t t t t  

t t t t t t t t t t t t t t + t t t + t t t t t t  

X X x x  
X X 

X x x  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS l,!&DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

A N I M A L  5 4 ) 4 ) ) 4 ) 4 ) 4 ) ) 4 ) 4 ) ) ) ) ) ~ ) ) )  
NUMBER 2 2 2 2 2 2 2 2 2 3 3 3 1 3 s 3 3 3 1 4 ~ ~ ~ ~ 4  

YEEKS ON 0 1 1  1 1 1 1 0 0 l 0 1 0 0 0  
STUDY 9 1 1 ' 0 . 1  1 1 9 6  0 8  1 9 6  9 0  0 8 7 7  

1 2  3 4 5 6 7 8 9 0 1 2  1 4  3 6 7 8 9 

S 9 1 0  9 I O  S 2 S 7 9 4 6 2 0 8 9 S 

O A . l  2 S 4 I. 

9 5 0 9 1 5  6 .  

1 1 0 0 0 1 1 1 0  0 
1 1  1 l 7 6  

P F T U I T A R Y  
CARCINOMA, NOS 
ADENOMA, nos 

ADRENAL 
C O R T I C A L  ADENOMA 
C O R T I C A L  CARCINOMA 
PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, M A L I O N A N T  

t t t t t t t t t t t t t t t t t t t t t t t t t  

X X x x  x x  X X 

t t t t t t t t t t t t t t t t t t t t t t t t t  
X 

X X 

ZYMBAL OLAND 
SQUAMOUS C E L L  P A P I L L O M A  
SPUAt fOUI  C E L L  CARCINOUA 
ADENOMA, NOS 

MUSCULOSKELET A L  SYSTEM 

MUSCLE 
M I X E D  TUROR. I N V A S I V E  

BODY C A V I T I E S  

M E D I A S T I N U M  

PERITONEUM 

MESENTERY 

MUCINOUS CYSTAOENOCA, M E T A S T A T I C  

R I X E D  TUMOR, I N V A S I V E  

M I X E D  TUMOR. I N V A S I V E  

A L L  OTHER SYSTEMS 

R U L T I P L E  ORGANS NOS 
MUCINOUS CYSTADENOCA. M E T A S T A T I C  
S I G t l E T  R I N G  CARCINOMA, M E T A S T A T I C  
MALIG.LYMPHOMA. U N O I F F E R - T Y P E  
MYELOMONOCYTIC L E U K E M I A  
MONOCYTIC LEUKEMIA 
LEUKEMIA,  MOWONUCLEAR CELL 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

t t t t t t t t t t t t t t t t t t t t t t t t t  

i X X 

N N N M ~ N M N M N N M N M M M N N N N M N M M 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 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 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 N  

X 

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  
X X X 

X 
x .  

x x  x x x x  x x  x x x  x x x x x  

T H Y R O I D  t t t t t t * t t t t t t t t t t t t t t t t t t  
C O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

PARATHYROID 

t t t t t t t t t t t t , t t t t t M t t t t t t  

P R E P U T I A L / C L I T O R A L  GLAND N N N N M N N N N N M N N N N M N N N N M N N N N  

V A G I N A  

UTERUS t t t t t t t t t t t * t t t t t t * t t t t t t  

CARCINOMA, NOS 

ENOOMETRIAL STROMAL SARCOMA, I N V A  

P A P I L L A R Y  CARCINOMA 
AOEWOMA. NOS 
P A P I L L A R Y  ADENOMA 
LEIOMYOSARCOMA 

ENOOMETR1AL STROMAL SARCOMA 
ENDOMETRIAL STROMAL SARCOMA, I N V A  

ENDOMETRIAL STROMAL roirr 

t t t t t t t t t t t t t - t t t t t t t t t t t  

t t t t t t t t + t t t t t t t t t t t + t t t t  
INOMA, NOS. I N V A S I V E  

UAMOUS C E L L  CARCINOMA 

A D I P O S E  T I S S U E  
MUCINOUS CYSTADENOCA. M E T A S T A T I C  
M I X E D  TUMOR. I N V A S I V E  

255 Chrysotile Asbestos, NTP TR 295 



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
SI'UDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS l,%.DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

TRACHEA 

N M A L  C A V I T Y  
5QUAMOU5 C E L L  CARCINOMA 

5 K I N  
BASAL-CELL TUMOR 
B A W L - C E L L  CARCINORA 
KERATOACANTHOMA 

SUBCUTANEOUS TIS~UE 
CARCINOMA, NO5 
KERATOACANTHOMA 
PIBROMA 
f IBRO5ARCOMA 

+ + + + + * + + + * + + + + + + + + + * + + + + +  
N N N N N N N N N N N N N N N N N N M N N N N N N  

LYWPH NODES 
ADLNOCARCINORA, N 0 5 0  R C T A I T A T I C  
M U C I N O U I  CY5TADENOCAt  f l E T A 5 T A T I C  
5 I O N E T  R I M 0  CARCINORAo R E T A 5 T A T I C ,  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

HEART 
R I X E D  TUROR, R E T A S T A T I C  
NEURILEROMA 

5Y5TEfl 

K I D N E Y  

URINARY BLADDER 

WIXED TUMOR, WALIONANT 

I A L I V A R Y  OLAND 

* + + + + + + + + * * + + + + + + + + * + + + + ~  
X X X X 

+ * + + + t + + + + t + + + * + + + + t + + t + +  

I111 DUCT 

OALLILADDLR a CORMON w e  DUCT 

PANCREAS 
TUROR, r ~ v ~ t r v c  

M I X E D  TUMOR, M E T A S T A T I C  

caocn ~ o u a  
STORACM 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS 14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

A DR EN A L 
C O R T I C A L  ADCNOMA 
C O R T I C A L  CARCINORA 
PNCOCHROWOCYTOWA 
PNCOCHROMOCYTOMA, MALIONANT 

P I T U I T A R Y  
CARCINOMA, N 0 5  
AOeNOWA, N 0 5  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X 

. . . . . . . . . . . . . . . . . . . . . . . .  
x X X x 

THYROID 
P O L L I C U L A R - C E L L  ADLHOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADCNOMA 
C-CELL CARCINOMA 

+ + + + + + c + + + + + + + + + + + + + + + + + +  
x X 

X 
Y 

x x  X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X Y  

PARATHYROID + - + + + + + + + + + + + + + + +  - + + + + +  4 +  + 

PI IROADENONA 

CARCINOWA, N 0 5  
P R E P U T I A L / C L I T O R A L  OLANO 

V A 0 I )(A 

UTERUS 

ENDOMETRIAL STROWAL SARCOMA, INVA.  

P A P I L L A R Y  CARCINOWA 
ADENOMA. NOS 
P A P I L L A R Y  ADENOMA 
LEIOMYOSARCOHA 

ENDOWETRIAL STROWAL SARCOWA 
ENDOWETRIAL STROHAL POLYP 

ENOORETRIAL STRORAL SARCOMA, INVA. 

GRANULOSA-CELL TUMOR 
OVARY 

NERVOUS SYSTEPl 

B R A I N  
CARCINORA. NOS, I N V A S I V E  
ASTROCYTOWA 

S P E C I A L  SENSE ORGANS 

EAR 
SQUAWOUS C E L L  CARCINORA 

SQUAMOUS CELL P A P I L L O R A  
SOUAMOUS C E L L  CARCINORA 
AOENOWA, NOS 

ZYWBAL GLAND 

MUSCULOSKELETAL SYSTER 

P A N C R E A T I C  ISLETS 
I S L E T - C E L L  ADCHOMA 
I 5 L C T - C C L L  CARCINOMA 

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  

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  

. . . . . . . . . . . . . . . . . . . . . . . . .  

I 
X X X I  

+ + + ~ + ~ + + ~ + + * * * + + + ~ + + + + + + +  

+ + + 4 + ~ + + + 4 4 + + 4 + + + + + + ~ 4 4 4 +  

t + + + + N + + + * + + + ~ + + + * + t + + + + *  

+ + t + + N + t t + t t t + + + + t ~ ~ + t + t t  

X X X x x x  x 
I 

MUSCLE 
W I X E D  TUROR. I N V A S I V E  

BODY C A V I T I E S  

M E D I A S T I N U R  

PERITONEUM 

ME5 E N 1  ERY 

MUCINOUS CYSTADENOCA, R E T A S T A T I C  . 
M I X E D  TUWOR, I N V A S I V E  

M I X E D  TUROR. I N V A S I V E  

A L L  OTHER SYSTEMS 

N N N N N N N N N N N N N N N H N N N N N N N N N I  

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  

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  

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 ~  I 

X 

1 

A D I P O S E  T I S S U E  
MUCINOUS CYSTADENOCA, M E T A S T A T I C  
W I X E D  TUMOR, I N V A S I V E  

X 
X X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS 1.2-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

t t t t + t t t t t t t * t t t - t t t t t t + t  

t t t + t t t t t t t + t + t * t t t * t t t + +  

t t t t t t t t t t t t + t t t t t t t t t t t t ~  

X 

* t + + * * * t t t * * * * * * t * * + t + + + +  

A N I M A L  
NUMBER 

WEEKS ON 
STUDY 

SUBCUTANEOUS T I S S U E  
CARCINONA. NOS 
KERATOACANTHONA 
FIBROMA 
FIBROSARCOMA 

LUNOS AND BRONCHI  
SQUAMOUS C E L L  CARCINOMA, WETAITAl 
ALVEOLAR/BRONCHIOLAR AOENOMA 
PHEOCNROMOCYTOMA, M E T A S T A T I C  
LIPOSARCOMA, M E T A S T A T I C  
M I X E D  TUMOR, M E T A S T A T I C  
HEHANOIOSARCONA, M E T A S T A T I C  

TRACHEA 

NASAL C A V I T Y  
SQUAMOUS C E L L  CARCINOWA 

BONE MARROW 

SPLEEH 

LYMPN NODES 
AOENOCARCINOMA~ NOS, M E T A S T A T I C  
MUCINOUS CYSTAOENOCA, M E T A S T A T I C  
S I G N E T  R I N Q  CARCINOMA, M E T A S T I T I (  

H E M 1  
V I X E D  TUMOR. M E T A S T A T I C  
H E U R I  L EHOMA 

SYSTEN 

S A L I V A R Y  GLAND 

B I L E  DUCT 

GALLBLAOOER 8 COMMON B I L E  DUCT 

PANCREAS 
M I X E D  TUMOR, I N V A S I V E  
M I X E D  TUMOR, W E T A S T I T I C  

ESOPHAOUS 

STOMACH 

SMALL I N T E S T I N E  
AOENOMATOUS POLYP. NOS 
AOENOCA I N  ADENOHATOUS POLYP 
MUCINOUS CYSTAOEHOCARCINOMA 
S I G N E T  R I N Q  CARCINOMA 

LARGE I N T E S T I N E  
AOENOCARCINOMA, NOS 
AOENOMATOUS POLYP, NOS 
AOENOCA I H  AOENOMATOUS POLYP 
MUCINOUS CYSTAOENOCARCINOMA 
S I O H E T  R I N Q  CARCINOMA 

K I D N E Y  
M I X E D  TUWOR, M A L I G N A N T  

U R I N A R Y  BLADDER 

i i i i i i i i i i  8 6 6 8 i 6 6 8 9 9 ' 9  9 ' 9 ' 9 1  

l a 0 1 4 7 7 9 7 9  1 9 1 1 6 1 0 9 B O O O 1 9  

2 3 4 5 6  7 6 9 0 1 2 1 4 5 .  +-i-++-H; : ; :~ 1 0 1 1 0 0 0 0 0 1 0 1 1 0  

5 6 1 6 0 4 4 9 1  9 0 9  9 5 6  2 6  0 6  L 1  9 1 

*I t t t t t + t t t t t t t t t t t t t t t + t  

+ I  * t t t t t t * t t t + * + + t * * * t t + + t  

t t + t t t + + t t t t t t t t + t t t t t t t t  

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  

t t t t t t t t t t t t t t t t + t t t t t t t t  

t t t * * t t t t * * + * t t t t * t * * + + * +  

t t t t t t t t * t t t t + t t t t t t t t t t t  

t * + t + - - t + t * - + * * * + * * * + + + + +  

t ~ t t t + + t t t * t t t t t t t t t ~ t t t +  

t t t t t t + t t * t t t t t t t t t t t t t t +  

t t t t t t t t + t t t t t t t t t + t t + t + t  

x i  x x  
X 

X X 

X 
X X 

X 

X X 

X 

X 
X 

x x  X X I 
t * t * + * t t * t ~ t t t t t + t * + * + + t + * ~  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS 14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

I I 

A OR I N  A L 
C O R T I C A L  ADENOMA 
C O R T I C A L  CARCINOMA 
PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA, R A L I O N A N T  

F O L L I C U L A R - C E L L  ADENOMA 
F O L L I C U L A R - C E L L  CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

T H Y R O I D  

PARATHYROIO 

+ + + + + - + + + t + t t * + + t t * + + t t t t l  
I 

X x x  x x  x x  x x  x x  
t + * t + + t + + + * t + + + t t t + + + * + * *  

x x  

+ t + + + + * + t + * t t t + t + t + + t t + + +  
X X X 

X X 
X X 

X 

+ + - + + - + + + t t * t + + - + + - + + + + t -  

P R E P U T I A L / C L I T O R A L  GLAND 

V A G I N A  

UTERUS 

CARCINOMA. NOS 

ENDOMETRIAL STROMAL SARCOMA, INVA. 

P A P I L L A R Y  CARCINOMA 
ADENOMA, NOS 
P A P I L L A R Y  ADENOMA 
LEIOMYOSARCOflA 
ENDOMETRIAL STROMAL POLYP 
ENDOVETRIAL STROMAL SARCOflA 
ENDOMETRIAL STROMAL SARCOMA, INVA.. 

GRANULOSA-CELL TUMOR 
OVARY 

NERVOUS SYSTEM 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  AOENOMA 
I S L E T - C E L L  CARCINOMA 

N N N H N N N N N N N N H H N H N N H N N N N N N ~  

N N N N N N H N N N N N N N N N N N H N N N N N N ~  

+ I  
I 
t 

t + + * t t t t + t t t + t t t t t + t t t t t  

X I  
X 

X x x  1 

t + t t + t t + * + t + + + + + + + t + + + + + + ~  
I 

I 

t * * * t + t + + + t t t t + t t * + + t t + +  I 

EAR 
SQUAflOUS C E L L  CARCINOMA 

SQUAMOUS C E L L  PAPILLOf lA  
3QUAWJUS C E L L  CARCINOMA 
AOENOflA, NOS 

ZYMBAL GLAND 

MUSCULOSKELETAL SY ST E f l  

MUSCLE 
M I X E D  TUMOR, I N V A S I V E  

BODY C A V I T I E S  

M E D I A S T I N U M  
MUCINOUS CYSTAOENOCA, P I E T A S T A T I C  . 
M I X E D  TUMOR, I N V A S I V E  

V I X E D  TUMOR. I N V A S I V E  

PERITONEUM 

MESENTERY 

A L L  OTHER SYSTEf lS  

PlAMMARY GLAND 
ADENOMA, NOS 
ADENOCARCINOMA, NOS 
FIBROADENOMA 

I 
t + t t + + t t + t + t t + + t ~ * t + t t + t + ~  

I 

+ + t t + t t t + t t + + + + + N t t + t + + + ~  

X x x  x x 

N N N N N N N N N N N N N N N N + N N N N N N N N l  

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  

N N N N W N N N W N N N H 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 N N N N N N N N N N N N  

+ i  ~ + + ~ * + + t t + + t * ~ t t t + t + * + t * t *  X 

S I G t l E T  R I N G  CARCINOflA, M E T A S T A T I C  
VALIG.LYVPHOMA.  U I I D I F F E R - T Y P E  
MYELOflONOCYTIC LEUKEMIA 
MONOCYTIC L E U K E f l I A  
L E U Y E f l I A ,  MONONUCLEAR C E L L  

X 

x x  x x x x x x  x x x  X 

t t t t t ' t  t t t t t t t t t t t + t t t t t t t i  

1 
I 

B R A I N  
CARCINOMA, NOS, I N V A S I V E  
ASTROCYTOMA 

A D I P O S E  T I S S U E  I 
MUCINOUS CYSTADENOCA, V E T A S T A T I C  
M I X F D  TUMOR. I N V A S I V E  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE PLUS 13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

LIPOSARCOMA, M E T A S T A T I C  
M I X E D  TUMOR. M E T A S T A T I C  
HEMANGIOSARCOMA, M E T A S T A T I C  

TRACHEA 

+ /  S K I N  ~ + + + + t + + + + + + t + + t + + + + + + + + +  
BASAL-CELL TUMOR 
BASAL-CELL CARCINOMA 
KERATOACANTHOMA 

X I  X 
X 

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

SUBCUTANEOUS T I S S U E  
CLRCINONA.  NOS 

NASAL C A V I T Y  
SQUAMOUS C E L L  CARCINOMA 

h E M A l O P O I E T I C  SYSTEM 

~ R A ~ O ~ C A N T H O M A  
FIBRnMr 
FIBR 

N N N N N N N + N N N N N N N N N N N N N N N N N  
X 

.-..- 
lOSARCOMA 

LYEPH NODES 
ADENOCARCINOMA, NOS, M E T A S T A T I C  
RUCINOUS CYSTAOENOCA, M E T A S T A T I C  
S I G N E T  R I N G  CARCINOMA, Ml2TASTATIC. 

I 
k E S P I R A T O R Y  SYSTEM 

* + + * + + * + + * + + + + + + + + + + + + + + +  
X 

LUNGS A N D  BRONCHT 
X 

HEART 
M I X E D  TUROR. M E T A S T A T I C  
NEURILEMOMA 

D I G E S T I V E  SYSTEM 

- - . . - - . . . . - - .. - . . -. . - 
SQUAMOUS C E L L  CARCINOMA, METASTAT 
ALVEOLAR/BRONCHIOLAR ADENOMA 
PHEOCHROMOCYTOMA. M E T A S T A T I C  

. . . . . . . . . . . . . . . . . . . . . . . . .  

URINARY SYSTEM 

K I D N E Y  
P l I X E D  TUPIOR. MALIGNANT 

+ + + + + + + + * + + + + * + + * + * + + + + + +  
x x  X X x x  x x  

BONE IIARROW 

SPLEEN 

U R I N A R Y  BLADDER I + + + + + + + +  + ; + + + + +  + + + + + + +  + + + -  . 

T H r m u s  / - * * * - + + * + * * + + - + + + - + + - - + + +  
CIRCULATORY SYSTEM 

S A L I V A R Y  GLAND 

L I V E R  

B I L E  DUCT 

GALLBLADDER I COfMON B I L E  DUCT 

PANCREAS 
P l IXED TUMORI I N V A S I V E  
N I X E D  TUMOR. M E T A S T A T I C  

ESOPHAGUS 

S T 0 M A C H 

SMALL I N T E S T I N E  
ADENOMATOUS POLYP. NOS 
ADENOCA IN-ACEnOMATOUS POLYP 
MUCINOUS CYSTAOENOCARCINOMA 
SIGt4ET R I N G  CARCINOMA 

LARGE I N T E S T I N E  
AOENOCARCTNOMA, NOS 
AOENORATOUS POLYP, NOS 
ADENOCA I N  AOENOMATOUS POLYP 
MUCINOUS CYSTADENOCARCINOMA 
S I G N E T  R I N G  CARCINOMA 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

MTERMEDIATE-RANGE PLUS l$-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

I t t t t - t t t t t t t t t t t t t t t t t t t t  

x x x x  
P I T U I T A R Y  

CARCINONA, NOS 
ADENOMA. NOS r 

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

t t t t t t t t t t t t t t t t t t - t t t t t t  
X 

X 
X X X X 

PARATHYROID t t t t t t t t t t t t t t t t t + - + t t t t t  

t t t t t t t t t t t + t t t t t t t t t t + t t  
X 

X X 

PANCREATIC I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

1 x x x  1L, 

t l  t t t t t t t t t t t t t . t t t t t t t t t t t  I 

P R E P U T I A L / C L I T O R A L  QLAND 
CARCINONA, NOS 

ENDORETRIAL STRONAL SARCOMA, INVA. 
VAGINA 

I 
REPRODUCTIVE SY STEM I t 

N N N N N N N N N N N N N N N N N H 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 N N N N N N N  

MAMNARY GLAND 
ADENOMA. NOS 
AOENOCARCINOMAV NOS 
FIBROADENOMA 

INVA. 

X X 

t t t t t t t t t t t t t t t t t t t t t t t t t  
X I 

S P E C I A L  SENSE ORGANS 

EAR 
SQUAMOUS CELL CARCINOMA 

LYNBAL GLAND 
SQUAMOUS CELL PAPILLOMA 
SQUANOUS CELL CARCINOMA 
ADENOflAt NOS 

MUSCULOSKELETAL SYSTEf i  

UTERUS 
P A P I L L A R Y  CARCINOMA 
ADENOMA, NOS 
P A P I L L A R Y  ADENOMA 
LEIONYOSARCOMA 
ENDOMETRIAL STROPIAL 
EHOOMETRIAL STROMAL 
ENDOMETRIAL STROMAL 

t 
t t t t t t t t t t t N t t t t + t t t t t t t t ~  

X 

X 
t t t t t t t t t t t N t t t t + t t t t t t t  

X X x x  
X 

OVARY 
GRANULOSA-CELL TU?!OR 

ADIPOSE T I S S U E  
MUCINOUS CYSTADCNOCA, PIETASTATIC 

N V A S I V E  

POLYP 
SARCOMA 
SARCOMA, 

X 

NUSCLE M I X E D  TUMOR, I N V A S I V E  ~ 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  

I BUOY C A V I T I E S  

M E D I A S T I N U N  

PERITONEUM l N N N N N N N N N H N N N N N N N N N N N N N N N  

MESENTERY 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  

NUCINOUS CYSTAOEHOCA, METASTATIC 

M I X E D  TUNOR, I N V A S I V E  

M I X E D  TUMOR. I N V A S I V E  'I 
ALL OTHER 9 YSTEMS 

/ 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 /  
X X 

x .  

MONOCYTIC LEUKEI 
LEUKEMIA.  MONONI. ..- ._._ 

I P 
x x x x  x x  x x /  

UCLEAR CFLL X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSO'ITLE ASBESTOS 

INTERMEDIATE-RANGE PLUS l.!&DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

AMIMAL 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 s  
2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4  MUMBER 

5TUDY 9 8 2 0 9 . 9  0 5 9 0 8 6 ' 9  7 9 1 1  7 9 
2 2 1  1 3 4  1 4 1 6  1 1 8  1 0 9 9 9 2 

- 0  t 0 0 0 1 1  0 1 2 3 4 5  TOTAL 

9 9 ? 7 1 1  TUMORS, 
1 I 8  9 1 9  5 

O O O D D  0 1 1 'TISSUE5 

SKIM 
BASAL-CELL TUMOR 
BASAL-CELL CARCIMOMA 
KERATOACAMTMOMA 

LUM05 AMD BROMCRI 
BQUAMDU5 CELL CARCIMOMA. METAITAT 
ALVEOLAR/BROMCMIOLAR ADENOMA 
P~EOCHROMOCYTOMA~ METASTATIC 
LIPOSARCOMA. METASTATIC 
MIXED TUMORr METASTATZC 
MEnAMOIOSARCOMAr METASTATIC * 

*I 1757 I t + t + + t t t t t + t t t t t + t + + + t t t  I X 

t t t + t t + + t t + t t + + + + t t + ~ t t + +  175 
1 
1 
1 
1 

X 5 

t + t + t + + + + t t t t t t + t t t + + + + + t l75U I I /  

t RACMEA 
M A I A L  CAVITY 
5QUAMOUS CELL CARCIMOMA 

DOME MARROW 
5PLEEM 
LYMPM MODE5 
ADEMOCARCIMOMA~ MOSI CIETASTATIC 
IUCIMOU5 CYSTADEMOCA, METAITATIC 
5IONET RIM0 CARCINDMA, METAITATIC, 

I I 

I 1 t 

+ + t t t t t + t t + + t + t t t t t t + + t + + 1 7 5 .  

n M M M M M M M M M M n M M M M M M N M N M M M M 1?5* 
1 

+ t t + t t t t t t t t + t t + t + + t + t t + t 174 . 
t t t k t t + t + t t + t t t ' +  + + t + + + + + t 1 7 5 .  

+ t t t t t + t t + + t t t t + t + + t '  t + t t t 175 
1 
2 

T 
+ t t + + t - + + + t t + t + t + + t + t t t t +  

t t t + + t + + t t + t t t t + + t + t + t t ~ +  MEART 
IIIXED TUMOR, METASTATIC 

146 

l?S 
1 

+ + ~ + * + + + + + * * + + + + + * + + + * * + *  
t t t t t t t t t t t t t t + + t t 4 + + + t t + 

I I 
I t 

('IS 

17SI 

5ALIVARY QLAMD 

t t t t + t t t ~ + ~ + t t t + + + t t t + t t ~  

M N N N M N N M M M N N M M N N M M M N N N M M M 

t + t t t t t t t + t t + t + t + t t t t t t t +  

LIVER 
B I L E  DUCT AOEMOMA 
MEOPLASTIC MODULE 
MEPATOCELLULAR CARCIMOMA 
MIXED TUMOR, METASTATIC 
HEMAMOIO5ARCORA 1 

175 

175"~. 

175 
! 

BILE DUCT 
OALLBLADDER I C O M O M  B I L E  DUCT 

t t + + t t t t t + t + + t t Y Y t + t t t k + +  

+ + + + t + + t + + + t + + + + + + + t t t t + +  

t t t t t t + t + t t t t t + + + + k t t t t + +  
X 

PAMCREAS 
RIXED TUROR. INVAlIVE 
MIXED TUMOR. META5TATIC 1 

173 

174 

175 
1 

ESOPMAOUS 
STOMACH 

+ + ~ ~ t + t ~ t t t t t t + + t ~ t + + t + t +  

x x  x x  X 
X X 

M A L L  IMTESTIME 
ADENOMATOUS POLYP, M05 
ADEMOCA IM ADEMOMATOUS POLYP 
MUCINOUS CYSTADENOCARCINOMA 
SIOMET RIM9 CARCINOMA 

175 
3 

46 
6 
16 
2 

LARQE INTESTINE 
ADEMOCARCIMOMA, M05 
ADEMOMATOU5 POLYP. MOS 
ADENOCA IN AOEMORATOU3 POLYP 
RUCINOUS CYSTADENOCARCINORA 
SIOMET RINO CARCINORA 

m M A R Y  5YSlEM 
KIDNEY 
MIXED TUMOR, RALIQWAMT 

URINARY BLADDER 

t t t + + t + + + t t ' t  t t t + + t t t + t + t + 175 
X X X X X 14 

. +  t t t + t t + t t t + + + + + t + t + + + + + + 175 

X X 
X X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

INTERMEDIATE-RANGE PLUS 14-DIMETHYLHYDRAZINE DIHYDROCHLORIDE (Continued) 

ANIHAL I 51 5 1  51 5 1  51 51 I I  I I  S I  51 51 I I  I I  5 1  51 I I  51 I I  51 5 1  51 51 51 51 51  I 
NUFIBER 

7- 

ENDOCRINE m 
STUDY 

1 2 3 4 5 6 7 1 9 0  6 9 0  1 2 1 4 5  1 2 s 4  TOTAL 

9 8 2 0 9 . 9  0 5 9 0 6 6 9 7 9 1 1  7 9 9 9 7 7 1 I TUHORS 
0 0  i f 2 2 2 i i 2 i 2  j 3  j 3 j 3  j 3 3 3 , a i . i . r . i  

0 oroTT--rTo- 1 0 a-r-r-r- o o o o i h I S s U E s  

S 4 1 6 1 3 3 0 9 9 9 2 ~ - S ~  3 6 9 9 5 
I 

+ t + + t t t t t t t t t t t t t t t + t t t t t  1 7 3 1  i 
PITUITARY 

X X X x x  
CARCINOHA~ NOS 
ADENOHAS M S  

THYROID 

FOLLICULAR-CELL.CARC1NOMA 
FOLLICULAR-CELL ADENOMA 

C-CELL ADENOHA 
C-CELL CARCINOMA 

~ t + + + + t + t + t t t t t t t t t t t t t t t t  1 7 4 1  

X X : j  
X X 18 x x  x x  12 

PARATHYROID t + t t t t t t t t t t t * t t + t t t t t + t t  164 

PREPUTIAL/CLITORAL OLAND 

VAOINA 

CARCINOMA, NOS 

ENDOMETRIAL STROMAL SARCOMA. INVA. 

PAPILLARY CARCINOMA 
ADENOHA. NOS 
PAPILLARY ADENOMA 
LEIOMYOSARCOMA 
ENDOMETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 
ENDOMETRIAL STROMAL SARCOMA, IHVA. 

QRANULOSA-CELL TUMOR 

UTERUS 

OVARY 

W O U S  S Y S T W  

BRAIN 
CARCINOHAr NOS, I N V A S I V E  
ASTROCYTOHA 

*ECTAL SENSE ORO I N S  

PANCREATIC I S L E T S  
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

N N N N N H H N N N N H N N N N N N N N N N N N N J75N 
4 

N N N H N N N H N N N N N N N N N N N N H N N N N 1 7 5 : I  

t t + t t + + t t + + t + + t t t + + + t t + t t  175 
I i : I  X 

I' I X X 

7 1  
t t t t t t + t t t t t + + + + t t t + t t t + t  1 7 4 1  

1 1  

I 
I I  

1 1 1  

t + + + + t t + t + + t + + + + t t + t t t + t +  1 7 5 1  

+ I  ( 7 5 ;  1 + + t + t t + t t t t + + t . t t t t t + t t t t  
X I X 

ZYMBAL OLAND 
SQUAMOUS CELL PAPILLOMA. 
SPUAPIOUS CELL CARCINOMA 
AOENOMA, NOS 

HUSCULOSKELETAL SYSTEM 

MUFCLE 
MIXED TUMOR. I N V A S I V E  

HAMWARY OLAND 
ADENOMA. NOS 
ADENOCARCINOMA. NOS 
FIBROADENOHA 

+ t N t + + + t + t + + t N + + + t t + t + + + t '  i 7 5 n j  
2 

26 x r  X 

N N N N N N H N N N N H N N N N N N N N N N N N N 175* 
I 

MESENTERY 
MIXED TUMOR. INVASIVE 

~ L L  OTHER SmTUls 
MULTIPLE OROANS NOS 

MUCINOUS CYSTADENOCAo METASTATIC 
SIONET RINO CARCINOMA. HETASTATIC 
MALIO.LYHPHOHA, UNDIFFER-TYPE 

MONOCYTIC LEUKEMIA 
MYELOHONOCYTIC LEUKEHIA 

LEUKEMIA. MONONUCLEAR CELL 
1 

EAR 
SQUAMOUS 

N N N N N N N H N N N N N N N N N N N N N N N N N 17SN 

I 
N N N N N N N N N N N . & N  N N N N N N N N N N N N 1 7 5 * 1  

X 10 
4 
2 

X x x x x  x x  x x  x x  X X 68  
X 4 

X' 

CELL 

t 
ADIPOSE TISSUE 

HUCINOUS CYSTADENOCA, METASTATIC 

CARCINOMA 

I 
3 

PERITONEUM 
MIXED TUHOR, I N V A S I V E  

N ANIMALS NECROPSIED 

263 Chrysotile Asbestos, NTP TR 295 



TABLE 

ORAL C A V I T Y  
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
BTUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE 

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  
X 

SUBCUTANEOUS T I S S U I  + + + + + t + + + t + + + + + t t + t + + + + + t  

X 
SARCOMA, NOS 
f X B R O M 1  

n 

L I V E R  

B I L E  DUCT 

NEOPLASTIC NODULE 

SPLEEN 

LYMPH NODES 
C-CELL CARCINORA, MITASTAT!C 

H U R T  t + + t t t t + + + + + t + t t t t + t ~ + + + +  
PHEOCHROMOCYTONA, M E T A S T A T I C  

t t t t t t + + t + t t t ' t + * * * t + t * * +  
X 

t t t + t t + t t t t * t * t + t * t t + t + t +  

ESOPHAGUS 

STOMACH 
SQUAMOUS CELL fAPILLOMA 
SQOAMOUS CELL CARCINONA 

SMALL I N T E S T I N E  

S A L I V A R Y  GLAND 
SARCOMA. NOS 

t t t t t t t t t t t * * t + + t t t t t t * t t  

t t t t t t t t + * t t t t t t t t ~ t + t t +  'I 
t t + t + t t + t * t t t t t t t t + * + + * t t  

K I D N E Y  

URINARY BLADDER 

TUBULAR-CELL AOENOCARCINOMA 

TRANSITIONAL-CELL PAPILLOMA 

PANCREAS 
ACINAR-CELL ADENOMA 

t t + t t t + + + + t t t t t t t t * t t + t t +  
X 

t + + t + t + + t + t + + t t t t t t + t - + t t  
X 

t t t t + * t + t t t + t * t t t t t t t t t t t  

LARGE I N T E S T I N E  ] t t + t + t t t t + t t + t * t t t t t t t t t  
LEIOMYOMA 

I 
URINARY SYSTEM I .  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE=RANGE AND PREWEANING GAVAGE (Conthud) 

+ + + + + + + + + + + + + + + + + + + + + t t + t  

x x  X x x x  x x x  
+ + + + + + + + + + + + + t + + t t t t t t t + t  

x x x x x  

X 
X X . 

. . . . . . . . . . . . . . . . . . . . . . . . .  

ANIMAL 
NUMBER 

X 
X 

X 
X X x x  X x x  

a c L k S  ON 
STUDY 

N N H N N H H N N H N N N N N N N N N N N N N N N  

N N N H H N N N N N N N N U N N N N N N N N N N N  x x x  X 
x x  

PITUITARY 
CARCINOMA, NOS 
ADENOMA, NOS 

AORENAL . . -. . _. . . . - 
CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 
PNEOCHROMOCYTOMAr MALIOHANT 
QANOLIONCUROMA 

THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL AOENORA 
C-CELL CARCINOMA 

PARATHYROID 

PANCREATIC ISLETS 
AOLNORA, NOS 

ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

MAMMARY QLAND 
CARCINOMA, NOS 
AOENOPIAr NOS 
ADENOCARCINOMA, NOS 
FIBROADENOMA 
CNONORORA 

PREPUTIAL/CLITORAL QLAND 

VAOINA 
CARCZNORA. NOS 

ENDOPIETRIAL STROMAL POLYP 
UTERUS 
PAPILLARY ADWOCARCINORA 
ENDORETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 
PAPILLARY CYSTADENOMA, NOS 

ENDOMETRIAL STROMAL SARCOMA, INV, 

OVARY 
QRANULOSA-CELL TUROR 

DRAIN 
CARCINORAr NOS, INVASIVE 
QRAHULAR-CELL TUMOR. NOS 
QLIOPIA. NOS 
ASTROCYTORA 

LYRBIL QLAND 
SQUAMOUI CELL CARCXNOMA 

M , S c W L E T A L  S Y S i w  

nuscLE 
RHABDOMYOSARCOMA 

bOOY CAVITIIS 
PIESENTERY 
SOUAROUS CELL CARCINOMA, INVASIV 

RULTIPLE OROANS NOS 
RONOCYTIC LEUKEMIA 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+ + + + + + , + + + + + t + ; +  + t + t t + t t t  + 
X 

I 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X x x x i  
X x x  X X X X X X X  x x x x  X X ?  x x  

~~ ~ _ _ _ ~  
N N N N H N N N N N N N N N N N N N N N N H 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 N N N  

+ + + + + + + + + + + t t t + t t t t + t t t t t  
X 

. x x  
X 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
I 

* I  . . . . . . . . . . . . . . . . . . . . . . . .  

I X x 
X 

+ + + + + + + + + + + + + t + + + + l t t + t t t t  I 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

K I D N E Y  

URINARY BLADDER 

TUBULAR-CELL ADENOCARCINOMA 

TRAHSITIONAL-CELL ?A?ILLOMA 

SUBCUTANEOUS T I S S U E  
SARCOMA, NOS 
FIBROMA 

+ t + + + + + + + t + ~ + + + t + + + + + + + + +  

+ t + + t + t + + + + + + + + + + + + + + + + + + .  

1 

+ + + t + t + t t t + t + t t t + + t + + + + + +  

t + + + + + + + t + + t + + t t + + + + + + + + t  
I O L A R  ADENOMA 

ALVEOLAR/BRONCHIOLAR CARCINOMA 
P A P I L L A R Y  ADENOCARCINOMAO U E T A I T A  
C-CELL CARCINOMA, METASTATIC 
PHEOCHROMOCYTOMA. M E T A S T A T I C  

BONE MARROW 

HEART t + + + + + + + t + + + + + + + t t + + + t + + +  
PHEOCHROMOCYTOUA~ M E T A S T A T I C  

ORA1 C A V I T Y  
SQUAMOUS CELL PAPILLOUA 
SQUAMOUS CELL CARCINOMA 

S A L I V A R Y  GLAND 
SARCOMA, NOS 

L I V E R  
NEOPLASTIC NODULE 

B I L E  DUCT 

GALLBLADDER L COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

ACINAR-CELL ADENOUA 

SQUAMOUS CELL PAPILLOUA 
SQUAMOUS CELL CARCINOMA 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  
LEIOMYOMA 

I 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 ~  

X 

t + + + + + + t + + + + t + t + + + + + + + + + +  

+ + + + + + + + t + + + + + ~ + + t t + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

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 .  

+ t + + + + + + + + + + + + + + t + + t + + + + +  

+ + + + t + + + + + t + + + + + t + + + + + + + +  

/ t + + t + + + + + + + + + + t + + + + + + t + + t  

+ + t + t + + + t + t + + t + + + + t + + + + t +  

+ + t t + + + + + + t + + + + + + t t + + t t + t  

URINARY SYSTEM I .  
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TABLE B4. INDMDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS _ -  _ _  - 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

ANIMAL 
NUMBER 

YEEKS ON 
STUDY 

P ITUITARY 
CARCIMOMAr NOS 
ADENOMAr NOS 

CORTICAL ADENOMA 
PHCOCHROMOCYTOMA 

OANOLIONCUROMA 

ADRENAL 

PHEOCHRDMOCYTOMA, MALXONANT 

TMYROIO 
POLLICULAR-CELL ADtNOllA 
COLLICULAR-CELL CARCINOMA 
C-CELL AOENORA 
C-CELL CARCINOMA 

PARATHYROID 
ADLNOMA, NOS 

PANCREATIC ISLETS 
I s L e i - c E u  ADENOMA 
ISLET-CELL CARCINOMA 

PREPUTIAL/CLITORAL OLANO 
CARCINOMA, NOS 

VAOINA 
EMDOMETRIAL STROMAL POLYP 

OVARY 
GRAHULOSA-CELL TUMOR 

BRAIN 
CARCINORA, NOS, INVASIVE 
GRANULAR-CELL TUROR, NOS 
GLIOr lAr  NOS 
ASTROCYTOMA 

‘ 3 R C I A L  S E N S m G A N S  

ZYMBAL GLANO 
SQUAMOUS CELL CARCINOHA 

MISCLE 
RHABDOMYOSARCOMA 

bODY CAVI- 

SQUAMOUS CELL CARCINOPlAr I M V A S I V I  
MESENTERY 

MULTIPLE OROANS NOS 
MONOCYTIC LEUKEMIA 

* + + * + + + + + + + + + + * + + + + + + + + + +  
x 

K X X  X X X X  X x x x  X 

l H H N N N N N N N N N N N N N N H M N N M M M N  x x x  
x x x  X x x  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

4 4 4 4 4 + t t 4 + t t + t t 4 4 4 4 A 4 t + + t  

t 4 t 4 t 4 4 4 t 4 ~ t 4 ~ 4 4 4 4 t t A 4 4 4 4 4 .  

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  

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

SUBCUTANEOUS TISSUE t 4 + t t t 4 t 4 + 4 4 4 4 + 4 4 4 4 N 4 + t t t  
SARCOMA. NOS 

URINARY SYSTEPl 

KIDNEY 
TUBULAR-CELL AOENOCARCINOMA 

TRANSITIONAL-CELL PAPILLOMA 
URINARY BLADDER 

SPLEEN 

LYMPH NODES 
C-CELL CARCINOMA, METASTATIC 

HEART + 4 + 4 t 4 4 4 + 4 + 4 4 t t 4 t 4 t A t + 4 t t  

t 
I 

4 4 4 t 4 t + + + t t t t 4 4 + 4 4 4 A 4 t t 4 +  

t 4 4 t t t t 4 t t t 4 t 4 4 + 4 t t A 4 t t t 41- 

1 

ORAL CAVITY 
SQUAMOUS 
SQUAMOUS 

. .  
CELL 
CELL 

P A P I L  LOMA 
CARCINOMA 

SALIVARY GLAND 
SARCOMA. NOS 

L IVER 
NEOPLASTIC NODULE 

B I L E  DUCT 

GALLBLADDER COMMON B I L E  DUCT 

PANCREA$ 
ACINAR-CELL ADENOMA 

ESOPHAGUS 

STOMACH 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

SMALL INTESTINE 

LARGE INTESTINE 
L EIOMYORA 

1 1 1  
4 t t  t t 4 t 

4 4 4 t t + t 4 * * 4 * + 4 t + 4 4 4  + 
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TABLE M. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

MUSCLE 
RHA8DOWOSARCOMA 

BODY CAVI 
MESENTERY 
SQUAMOUS CELL CARCINOMA, INVASIVE 

HULTI?LE ORGANS NOS 
MONOCYTIC LEUKEMIA 

ANIMAL 7 7 7 7 7 7 7 7 7 7 7 7 7  
0 0 ~ ~ 1 1 1 1 1 l 1 1 2  

1 I l Z S 4 3 6 7 8 9 0  
NUMBER 
YEEKS ON 1 1 1 1 0  I I O  1 1  1 I O "  
STUDY 

4 6 2 1 4  4 6 4 6 9 J 4 6 3 0 7 J 7 0 1 1 8  s 4 0 8 6.. 

I 

~ M M M M M M M ~ N M M M M M M N M M N M N N N N ~  

i M M M N N M M N N M M N N N M M N M M N N N M N N  

I 
N M N N N N N N M M N N M M M N N N N N N M N N N ~  

X x x  X X x x  I 
X 

?ITUITARY 
CARCINOMA, NOS 
ADENOMA, NOS 

CORTICAL ADENOMA 
PNEOCNROMOCYTOMA 
?NEOCNROMOCYTOMA~ MALIONANT 
OANOLIOMCUROMA 

FOLLICULAR-CELL AOENORA 
fOLLICULAR-CELL CARCIMDMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

ADRENAL 

TNYROZD 

rAlATHYROID 

PANCREATIC ISLETS 
ADEMONA, NOS 

PREPUTIAL/CLITORAL BLAND 
CARCINOMAr NOS 

VAGINA 
ENOOMETRIAL STROMAL ?OLY? 

UTERUS 
PAPILLARY AOCNOCARCIMOMA 
?A?ILLARY CYSTADENOMA.. NOS 
ENDOMETRIAL STROMAL POLYP 
ENDOHETRIAL STROMAL SARCOMA 
ENOOMETRIAL STROMAL SARCORA, INV 

OVARY 
GRANULOSA-CELL TUROR 

BRAIN 
CARCINOMA. NOS. INVASIVE 
GRANULAR-CELL TUMOR, NOS 
GLIOMA. NOS 
ASTROCYTOMA 

?bECIAL SENSE ORGANS 

I i X 

I 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

AMIMAL l 7 1 7 1 ? ? 1 1 7 ? l l 7 1 7 7 7 ? 7 ? ~ l l ?  
2 2 2 2 2 2 2 2 2 3 3 3 . 3 3 3 3 3 3 3 4 4 6 4 4 4  MUMBER 
1 2 3 6  

WEEKS OM 1 1 9 '  
STUDY 3 2 2 1 2  1 1  1 1 0  4 7 3 f l 4  i i 0 i 4 i B o 2 i 

2 2 2 S 1 S S 6 6 8 6 S 0 0 0 1 6 3 4 2 ~ 6 6 3  

i 
a v o  1 2 3 4  TOTAL I 

0 i 4 1 J i 1 ' 9  i o 6 o 2 1 o 9 
B b . i I s s u E s  TUNORS 

t t t t t t t t + t t t 4 t t t t t t t t + t t + loow 
1 

SUBCUTAMEOUS TISSUE 
SARCOMA, NOS X 
FIBROMA X 3 

EM 

URINARY SYSTEM 

KIDNEY 
TUBULAR-CELL ADEMOCARCIMOMA 

URIMARY BLADDER 
' TRAMSITIOMAL-CELL PAPILLOMA 

L CARCIMOMA, METASTATIC 

PHCOCHROP(OCY1OMA. PIETASTATIC 

J. 

+ t t + t t + t + 4 + t + t ~ * + + ~ ~ t + + + +  v v  

+ + t + + + t + + + + + t + + + + + + + + * * + +  va 
1 

2 X - 

ORAL CAVITY 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCIMOMA 

SALIVARY QLANO 
SARCOMA. MO5 

L IVER 

B I L E  DUCT 

OALLBLADOCR L COMMON B I L E  DUCT 

PAMCREAS 

ESOPMAQUS 

STOMACH 

MEOPLASTIC MODULE 

ACIMAR-CELL ADEMOMA 

SQUAMOUS CELL PAPILLOMA 
SQUAHOUS CELL CARCINOMA 

5MALL IMTESTIME 

LAROE IMTESTIME 
L E 1  OMY OMA 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE-RANGE AND PREWEANING GAVAGE (Continued) 

PITUITARY 
CARCIMOMAI MOS 
ADENOMA. NOS 

MUMBER 

STUDY 

I 

loo( I t t t t t t t t t t t t t t t t t t t t t t t t t  

x x  X x x  X x x  X X x x  
ADRENAL 
CORTICAL ADEMOMA 
PHEOCHROMOCYTOMA 
 PHEOCHROMOCYTOMA^ MALIOMANT 
OAMQLIOMEUROMA 

i + t t t t t t t t t t t + t + t + + t t t t + t t  
X X 

11  x x  X 

TMY R0 I D 
POLLICULAR-CELL ADEMOMA 
FOLLICULAR-CELL CARCIMOUA 
C-CELL ADEMOUA 
C-CELL CARCIMOUA 

t t t t t t t t t t t t + t t t t + t t t t t t t  100 i 
X 6 1  

X 7 1  
X x x  X x x  20  

X 12 

PANCREATIC ISLETS 
ISLET-CELL ADEMOMA 
ISLET-CELL CARCINOMA 

PARATMYROID + t t t t t + t + + t + + t t t + + + + t t t t t  97 

MAUMARY OLAMD 
CARCIMOMAt NOS 
ADENOMA, NOS 
ADEMOCARCIMOMA, MOS 
FIBIOADEMOMA 
CMOMDROMA 

t t t t t t t t t t t t t t t t t t + t t t t t t '  
X X 4 1  

99  

J 

t t t t t t t t t t t + t t t t t t t t t t t t t l o o * /  
X x x  X 1 1  I 

X X 4 1  
X x x  x x x x x x  x x x  x x x 5 8 1  

X 

t 

X I ,i i 
I ! I  

PREPUTIAL/CLITORAL OLAMD 
CARCIMOMAt MOS 

VAOIMA 
EMDOPIETRIAL STROMAL POLYP 

UTERUS 

X 

eMDOMETRIAL STROMAL SARCOMA, IMVA, 1 

ORAMULOIA-CELL TUMOR 
t t + t t t t t t t t t t t t t t t t t t t t t t  99 

X 2 
OVARY 

M M N M M M M N M M M M N N M N M M M M M M N M M 1 O O M  
X 4 .  

M M M M M M M M M M M N N M N M M N N N N N M N N ? o w  
1 

t t Y t t -t t t + t t t t t t t t t t t t t t t t 99  1 

BRAIN 
CARCIMOMAP MOS, IMVASIVE 
ORAMULAR-CELL TUMOR, MOS 
OLIOMA. MOS 
ASTROCYTOMA 

t t t t t t t t t t t t t t t t t t t t t t t t t  

AL SEMSE OROANS 

,100  I 
1 1  
1 

t t M + + t t t t t t t t t t t t t t t + t t + t ZYUBAL OLAND 
SQUAMOUS CELL CARCIMOMA 

Y 

! O D * /  
2 1  
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UUSCLE 
RMABOOUYOSARCOMA 

CAVITIEI 
MESEMTERY 

SQUAMOUS CELL CARCIMOMAI INVASIVE - 
MULTIPLE OROANS MOS 
MONOCYTIC LEUKEMIA 

Chrysotile Asbestos, NTP TR 295 

N N M M N M N M N M N t M M M M M M M M N M M M M 100* 

M M M N M M N N M N M M M M M M M N M N M M M M M l o o *  

M M M M M M M M M M N M M M M M M N N M M M M M M l O O *  
26 I X X x x x  x 
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN RATS IN THE LIFETIME FEED STUDIES 

OF SHORT-RANGE CHRYSOTILE ASBESTOS 
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TABLE C l .  SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS I N  MALE R A T S  I N  THE 
LIFETIME F E E D  STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS 

CONTROL (UNTR) S H O R T  RANGE 

ANIMALS INITIALLY IN STUDY 88 
ANIMALS NECROPSIED 88 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 88 

250 
250 
248 

INTEGUMENTARY SYSTEM 
*SKIN 

CYST, NOS 
EPIDERMAL INCLUSION CYST 
ABSCESS, NOS 
GRANULOMA, NOS 
FIBROSIS, FOCAL 
HYPERKERATOSIS 
ACANTHOSIS 

*SUBCUT TISSUE 
HEMORRHAGIC CYST 
ABSCESS, NOS 

(88) 

4 (5%) 
2 (2%) 
1 (1%) 

1 (1%) 
(88) 

2 (2%) 

(250) 
1 (0%) 
5 (2%) 
1 (0%) 

1 (0%) 
4 (2%) 
5 (2%) 

2 (1%) 
1 (0%) 

( 250 ) 

RESPIRATORY SYSTEM 
*NASAL TURBINATE (88) (250) 

INFLAMMATION, ACUTE 1 (0%) 
INFLAMMATION, ACUTE DIFFUSE 1 (0%) 
HYPERKERATOSIS 1 (0%) 
METAPLASIA, SQUAMOUS 1 (0%) 

FIBROSIS, DIFFUSE 1 (0%) 

MINERALIZATION 1 (0%) 
CONGESTION, NOS 2 (2%) 4 (2%) 
EDEMA, NOS 1 (1%) 2 (1%) 

INFLAMMATION, INTERSTITIAL 1 (1%) 10 (4%) 
INFLAMMATION, ACUTE FOCAL 1 (1%) 1 (0%) 
INFLAMMATION, ACUTE DIFFUSE 1 (0%) 
INFLAMMATION, CHRONIC 80 (91%) 208 (84%) 
GRANULOMA, NOS 6 (2%) 
FIBROSIS, DIFFUSE 2 (2%) 
NECROSIS, FOCAL 1 (0%) 
PIGMENTATION, NOS 3 (3%) 7 (3%) 
HYPERPLASIA, ALVEOLAR EPITHELIUM 1 (1%) 10 (4%) 

HISTIOCYTOSIS 5 (2%) 

#TRACHEA (87) (248) 

#LUNG (88) (247) 

HEMORRHAGE 6 (7%) 13 (5%) 

#LUNG/ALVEOLI (88) (247) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (88) (250) 

#BONE MARROW (88) (247) 
HEMATOPOIESIS 1 (1%) 

H E MORRH AGE 1 (1%) 
NECROSIS, DIFFUSE 1 (1%) 
HYPOPLASIA, NOS 4 (5%) 3 (1%) 
HYPERPLASIA, NOS 3 (3%) 6 (2%) 
MYELOFIBROSIS 1 (1%) 

CONGESTION, NOS 1 (0%) 
HEMORRHAGE 3 (3%) 3 (1%) 
FIBROSIS, FOCAL 3 (3%) 16 (6%) 
FIBROSIS, MULTIFOCAL 2 (2%) 7 (3%) 
FIBROSIS, DIFFUSE 1 (1%) 4 (2%) 
NECROSIS, NOS 1 (0%) 

METAMORPHOSIS FATTY 1 (0%) 
PIGMENTATION, NOS 3 (3%) 2 (1%) 

#SPLEEN (88 1 (247) 

NECROSIS, FOCAL 3 (3%) 6 (2%) 
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TABLE Cl .  SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN T H F  
LIFETIME F E E D  STUDY OF SHORT.RANGE CHRYSOTILE ASBESTOS (Continued) 

-- - .--- 
S H O R T R A N G E  CONTROL (UNTR) 

- __ - . I . . 
HEMATOPOIETIC SYSTEM 

#SPLEEN (Continued) 
HEMOSIDEROSIS 11 (13%) 34 (14%) 

HEMATOPOIESIS 19 (22%) 41 (17%) 
ANGIECTASIS 2 (1%) 

FIBROSIS, FOCAL 1 (1%) 

INFLAMMATION, CHRONIC 1 (0%) 

CONGESTION, NOS 1 (0%) 
HEMORRHAGE 3 (3%) 
FIBROSIS, FOCAL 1 (1%) PIGMENTATION, NOS 1 (0%) 
HYPERPLASIA, RETICULUM CELL 1 (0%) 

PIGMENTATION, NOS 1 (0%) 

CONGESTION, NOS 2 (2%) 1 (0%) 

NECROSIS, FOCAL 1 (1%) 1 (0%) 

ERYTHROPHAGOCYTOSIS 2 (2%) 4 (2%) 
HYPERPLASIA, RETICULUM CELL 1 (0%) 

PIGMENTATION, NOS 3 (3%) 4 (2%) 

INFLAMMATION, ACUTE DIFFUSE 2 (1%) 

NECROSIS, FOCAL 1 (1%) 
PIGMENTATION, NOS 1 (0%) 
ERYTHROPHAGOCYTOSIS 5 (2%) 

(88) (247) 

(88) ( 247 1 

ATROPHY, NOS (88) (248) 

(88) (248) 

#SPLENIC CAPSULE 

#SPLENIC FOLLICLES 

#LYMPH NODE 

#MANDIBULAR L. NODE 

1 (1%) 5 (2%) 

HYPERPLASIA, LYMPHOID 4 (5%) 34 (14%) 
(88) (248) #CERVICAL LYMPH NODE 

1 (0%) ERYTHROPHAGOCYTOSIS (88) (248) 

HEMORRHAGE 
INFLAMMATION, ACUTE DIFFUSE 
PIGMENTATION, NOS 10 (11%) 32 (13%) 

#MEDIASTINAL L.NODE 

3 (3%) 11 (4%) 
1 (0%) 

4 (2%) HYPERPLASIA, LYMPHOID (88) (248) 

HYPERPLASIA, RETICULUM CELL 3 (3%) 8 (3%) 
1 (0%) HYPERPLASIA, LYMPHOID 

1 (0%) 
1 (0%) 

#PANCREATIC L.NODE 

(248) (88) #MESENTERIC L. NODE 

ABSCESS, NOS 

38 (43%) 81 (33%) HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 

(88) (248) 
HYPERPLASIA, LYMPHOID 

(88) (248) 
PIGMENTATION, NOS 

(88) (248) 

(86) (247) 
HYPERPLASIA, RETICULUM CELL (197) 

CYST, NOS 

1 (1%) 2 (1%) 

2 (2%) 2 (1%) 

#ILEOCOLIC LYMPH NODE 

#RENAL LYMPH NODE 

#LIVER 

1 (0%) 

6 (2%) LEUKOCYTOSIS, NOS 2 (2%) 
HEMATOPOIESIS 1 (1%) 

1 (0%) 

1 (1%) 

#PANCREAS 
#THYMUS (76) 

HEMORRHAGE 1 (1%) 

CIRCULATORY SYSTEM 
#MANDIBULAR LYMPH NODE 

LYMPHANGIECTASIS 
#MEDIASTINAL LYMPH NODE 

LYMPHANGIECTASIS 
#MESENTERIC LYMPH NODE 

LYMPHANGIECTASIS 
#ILEOCOLIC LYMPH NODE 

LYMPHANGIECTASIS 
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(88) (248) 

(248) 

(248) 

(248) 

3 (1%) 

1 (0%) 

5 (2%) 

6 (2%) 
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TABLE C l .  SU.MMARY OF T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE RATS IS T H E  
LIFETIME FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

CIRCULATORY SYSTEM (Continued) 
#RENALLYMPH NODE 

#HEART 
LYMPHANGIECTASIS 

THROMBOSIS, NOS 
INFLAMMATION, CHRONIC DIFFUSE 

THROMBOSIS, NOS 

MINERALIZATION 
INFLAMMATION, CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
FIBROSIS, FOCAL 
PIGMENTATION, NOS 

INFLAMMATION, CHRONIC FOCAL 

MINERALIZATION 

LYMPHANGIECTASIS 

THROMBOSIS, NOS 
THROMBUS, ORGANIZED 

PERIARTERITIS 

PER1 ARTE R1 TIS 

THROMBOSIS, NOS 

#HEART/ATRIUM 

#MYOCARDIUM 

#CARDIAC VALVE 

*AORTA 

#SALIVARY GLAND 

#LIVER 

#PANCREAS 

#TESTIS 

PADRENAL 

(88) 

(88) 
1 (1%) 

1 (1%) 
1 (1%) 

38 (43%) 
32 (36%) 

1 (1%) 

(248) 

(247) 
1 (0%) 

2 (1%) 
1 (0%) 

( 247 1 

(247 1 
3 (1%) 

91 (37%) 
86 (35%) 

1 (0%) 
(247) 

( 250 ) 

(243) 

(248) 
1 (0%) 

2 (1%) 
1 (0%) 

2 (1%) 

2 (1%) 

2 (1%) 

(247) 

(246) 

(248) 

~ 

DIGESTIVE SYSTEM 
*TONGUE 

#SALIVARY GLAND 
EDEMA, NOS 

FIBROSIS, DIFFUSE 
NECROSIS, FOCAL 
ATROPHY, DIFFUSE 
HYPERPLASIA, DIFFUSE 

CONGESTION, NOS 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
GRANULOMA, NOS 
CHOLANGIOFIBROSIS 
ADHESION, NOS 
HEPATITIS, TOXIC 
DEGENERATION, NOS 
NECROSIS, FOCAL 
NECROSIS, DIFFUSE 
METAMORPHOSIS FATTY 
PIGMENTATION, NOS 
FOCAL CELLULAR CHANGE 
ANGIECTASIS 

#HEPATIC CAPSULE 
FIBROSIS 

#LIVE WCENTRILOBULAR 
NECROSIS, NOS 

#BILE DUCT 
INFLAMMATION, CHRONIC 
GRANULOMA, NOS 
FIBROSIS 
HYPERPLASIA, NOS 

#LIVER 
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(88) 

(87) 

(88) 
1 (1%) 
2 (2%) 

8 (9%) 
3 (3%) 

12 (14%) 
18 (20%) 
7 (8%) 
1 (1%) 

14 (16%) 
11 (13%) 
29 (33%) 
2 (2%) 

(88) 

(88) 

(88) 
11 (13%) 

1 (1%) 
26 (30%) 

1 (0%) 
15 (6%) 

2 (1%) 
36 (15%) 
42 (17%) 
22 (9%) 

44 (18%) 
29 (12%) 
74 (30%) 
4 (2%) 

1 (0%) 

2 (1%) 

47 (19%) 
1 (0%) 
4 (2%) 

53 (21%) 

(248) 

(248) 

(248) 
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TABLE Cl. SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN T H E  
LIFETIME F E E D  STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

- 

DIGESTIVE SYSTEM (Continued) 
#PANCREAS 

ECTOPIA 
HEMORRHAGE 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
FIBROSIS, FOCAL 
ATROPHY, NOS 
ATROPHY, FOCAL 
ATROPHY, DIFFUSE 

#PANCREATIC DUCT 
HYPERPLASIA, NOS 

#PANCREATIC ACINUS 
HYPERPLASIA, FOCAL 

#ESOPHAGUS 
INFLAMMATION, ACUTE DIFFUSE 
NECROSIS, FOCAL 
HYPERKERATOSIS 

MINERALIZATION 
EDEMA, NOS 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
ULCER, PERFORATED 
FIBROSIS, FOCAL 
ADHESION, NOS 
NECROSIS, FOCAL 
NECROSIS, DIFFUSE 
CALCIFICATION, NOS 
HYPERPLASIA, EPITHELIAL 
HYPERKERATOSIS 
ACANTHOSIS 

#GASTRIC MUCOSA 
HYPERTROPHY, NOS 
HYPERPLASIA, DIFFUSE 

#GASTRIC MUSCULARIS 
DEGENERATION, NOS 

#GASTRIC FUNDUS 
HYPERPLASIA, EPITHELIAL 

#DUODENUM 

#STOMACH 

HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
NECROSIS, FOCAL 

CYST, NOS 
INFLAMMATION, ACUTE DIFFUSE 
NECROSIS, FOCAL 

INFLAMMATION, CHRONIC DIFFUSE 
PARASITISM 
NECROSIS, FOCAL 
NECROSIS, DIFFUSE 

DEGENERATION, NOS 

MINERALIZATION 

#JEJUNUM 

#COLON 

#COLONIC MUSCULARIS PROPRIA 

#CECUM 

CYST, NOS 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION. CHRONIC DIFFUSE 
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(86) 
1 (1%) 

1 (1%) 

1 (1%) 
8 (9%) 
3 (3%) 

(86) 

(86) 

(86) 
6 (7%) 

1 (1%) 
1 (1%) 
6 (7%) 

3 (3%) 
(88) 

1 (1%) 
1 (1%) 
4 (5%) 
6 (7%) 
4 (5%) 

1 (1%) 
13 (15%) 

1 (1%) 
3 (3%) 
8 (9%) 

11 (13%) 

1 (1%) 
1 (1%) 

2 (2%) 

(88) 

(88) 

(88) 

(88) 

(88) 
1 (1%) 

(87) 

13 (15%) 

(87) 

(87) 
1 (1%) 

(247) 
5 (2%) 
1 (0%) 
1 (0%) 

1 (0%) 

24 (10%) 
10 (4%) 

1 (0%)  

8 (3%) 

(247) 

(247) 

(247) 

16 (6%) 

2 (1%) 
1 (0%) 
2 (1%) 
3 (1%) 
1 (0%)  
6 (2%) 

25 (10%) 
10 (4%) 

1 (0%) 
1 (0%) 

35 (14%) 
5 (2%) 

(248) 

(248) 

(248) 

(248) 
1 (0%) 

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

(248) 

1 (0%) 
1 (0%) 

1 (0%) 
22 (9%) 

1 (0%) 
1 (0%) 

1 (0%) 

(248) 

(248) 

(248) 

1 (0%) 
2 (1%) 
2 (1%) 
2 (1%) 
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TABLE Cl .  SUMMARY OF T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE RATS IN  T H E  
LIFETIME F E E D  STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

DIGESTIVE SYSTEM 
#CECUM (Continued) 

PARASITISM 
NECROSIS, NOS 
NECROSIS, FOCAL 

#TRANSVERSE COLON 
CYST, NOS 

(87) 

(87) 

(248) 
2 (1%) 
1 (0%) 
4 (2%) 

1 (0%) 
( 248 ) 

~ 

URINARY SYSTEM 
#KIDNEY 

HAMARTOMA 
MINERALIZATION 
HYDRONEPHROSIS 
ABSCESS, NOS 
INFLAMMATION, CHRONIC 
INFLAMMATION, CHRONIC DIFFUSE 
INFARCT, NOS 
INFARCT, HEALED 
HYPERPLASIA, TUBULAR CELL 
METAPLASIA, OSSEOUS 

#KIDNEY/CORTEX 
CYST, NOS 

#RENAL PAPILLA 
INFLAMMATION, ACUTE FOCAL 
NECROSIS, NOS 
NECROSIS, FOCAL 

#KIDNEYmUBULE 
CYST, NOS 
PIGMENTATION, NOS 

# KIDNEYPELVIS 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
NECROSIS, FOCAL 

#URINARY BLADDER 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
NECROSIS, FOCAL 
NECROSIS, DIFFUSE 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, DIFFUSE 
HYPERPLASIA, PAPILLARY 
POLYP, INFLAMMATORY 

HYPERPLASIA, PAPILLARY 
#U. BLADDEWMUCOSA 

(88) 

5 (6%) 
1 (1%) 
1 (1%) 

77 (88%) 
1 ( 1 % )  

2 (2%) 

(88) 
1 (1%) 

25 (28%) 
(88) 

(85) 
2 (2%) 

2 (2%) 

1 (1%) 
2 (2%) 

1 (1%) 

1 (1%) 

(85) 

(248) 
1 (0%) 

13 (5%) 
3 (1%) 
3 (1%) 

237 (96%) 

1 (0%) 
1 (0%) 
4 (2%) 
1 (0%) 

15 (6%) 

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

(248) 

(248) 

(248) 

74 (30%) 

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

5 (2%) 
2 (1%) 
3 (1%) 
1 (0%) 
1 (0%) 
2 (1%) 
3 (1%) 
3 (1%) 
1 (0%) 
3 (1%) 
1 (0%) 
1 (0%) 

1 (0%) 

(248) 

(247) 

(247) 

ENDOCRINE SYSTEM 
#PITUITARY 

CYST, NOS 
HEMORRHAGE 
HEMORRHAGIC CYST 
PIGMENTATION, NOS 
HYPERPLASIA, FOCAL 
ANGIECTASIS 

HEMORRHAGE 
NECROSIS, FOCAL 
PIGMENTATION, NOS 

#ADRENAL 

Chrysotile Asbestos, NTP TR 295 

(87) 

2 (2%) 

10 (11%) 
9 (10%) 

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

(88) 
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(247) 
10 (4%) 
1 (0%) 
1 (0%) 
1 (0%) 

13 (5%) 
14 (6%) 

1 (0%) 
(248) 



TABLE C l .  SUMMARY OF T H E  INCIDENCE OF NONSEOPLASTIC LESIONS I N  MALE R A T S  I N  T H E  
LIFETIME F E E D  STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Cont inued)  

CONTROL (UNTR) S H O R T  RANGE 

ENDOCRINE SYSTEM 

ATROPHY, NOS 
HYPERPLASIA, FOCAL 
ANGIECTASIS 

#ADRENALCAPSULE 
FIBROSIS, DIFFUSE 

#ADRENAL CORTEX 
CONGESTION, NOS 
DEGENERATION, NOS 
NECROSIS, FOCAL 
METAMORPHOSIS FATTY 
HYPERTROPHY, FOCAL 
HYPERPLASIA, FOCAL 

HYPERPLASIA, FOCAL 

CYST, NOS 
CYSTIC FOLLICLES 
FOLLICULAR CYST, NOS 
PIGMENTATION, NOS 

#ADRENAL (Continued) 

#ADRENAL MEDULLA 

#THYROID 

HYPERPLASIA, C-CELL 
#PARATHYROID 

HYPERPLASIA, NOS 
#PANCREATIC ISLETS 

HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 

(88) 
1 (1%) 

(88) 

(88) 
1 (1%) 

2 (2%) 
18 (20%) 
1 (1%) 
1 (1%) 

32 (36%) 

1 (1%) 
1 (1%) 
5 (6%) 

16 (19%) 

8 (10%) 

4 (5%) 
1 (1%) 

(88) 

(86) 

(83) 

(86) 

(248) 

1 (0%) 
7 (3%) 

1 (0%) 
(248) 

(248) 

2 (1%) 

42 (17%) 

10 (4%) 

74 (30%) 
(248) 

(246) 

5 (2%) 
27 (11%) 

1 (0%) 
45 (18%) 

16 (7%) 

4 (2%) 

(229) 

(247) 

REPRODUCTIVE SYSTEM 
+MAMMARY GLAND 

GALACTOCELE 
CYST, NOS 
CYSTIC DUCTS 
FIBROSIS, DIFFUSE 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 

*PREPUTIAL GLAND 
CYSTIC DUCTS 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE DIFFUSE 
ABSCESS, NOS 
INFLAMMATION, CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
NECROSIS, NOS 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 
HYPERKERATOSIS 

CYST, NOS 
CYSTIC DUCTS 
HEMORRHAGE 
INFLAMMATION, DIFFUSE 
INFLAMMATION, ACUTE DIFFUSE 
ABSCESS, NOS 
INFLAMMATION, ACUTEKHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 
HYPERKERATOSIS 
METAPLASIA, SQUAMOUS 

#PROSTATE 
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(88) 

1 (1%) 
7 (8%) 

1 (1%) 
5 (6%) 

6 (7%) 
(88) 

2 (2%) 

4 (5%) 

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

8 (9%) 
1 (1%) 

21 (24%) 
6 (7%) 

11 (13%) 

(87) 

(250) 
5 (2%) 

9 (4%) 
1 (0%) 
3 (1%) 
1 (0%) 

13 (5%) 

7 (3%) 
1 (0%) 
2 (1%) 
5 (2%) 
1 (0%) 
1 (0%) 
1 (0%) 
1 (0%) 
1 (0%) 
1 (0%) 
2 (1%) 

4 (2%) 

1 (0%) 

5 (2%) 
19 (8%) 
1 (0%) 

55 (22%) 
15 (6%) 
28 (11%) 
2 (1%) 
1 (0%) 
1 (0%) 

(250) 

(247) 

Chrysotile Asbestos, NTP TR 295 



TABLE C l .  SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE RATS I N  T H E  
LIFETIME F E E D  STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) S H O R T  RANGE 

REPRODUCTIVE SYSTEM (Continued) 
*SEMINAL VESICLE 

CYST, NOS 
INFLAMMATION, ACUTE DIFFUSE 
ABSCESS, NOS 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 
HYPERPLASIA, PAPILLARY 

CYST, NOS 
DEGENERATION, NOS 
HYPERPLASIA, INTERSTITIAL CELL 

HEMORRHAGE 
INFLAMMATION, ACUTE DIFFUSE 
GRANULOMA, SPERMATIC 
FIBROSIS, FOCAL 
NECROSIS, FAT 

#TESTIS 

*EPIDIDYMIS 

(88) 
1 (1%) 
1 (1%) 
2 (2%) 
1 (1%) 
1 (1%) 
2 (2%) 

(87) 

10 (11%) 
32 (37%) 

(88) 

1 (1%) 

2 (2%) 

(260) 
12 (6%) 
1 (0%) 
I (0%) 

1 (0%) 
9 (4%) 
1 (0%) 

1 (0%) 
26 (11%) 
92 (37%) 

1 (0%) 

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

( 246 1 

(260) 

NERVOUS SYSTEM 
#BRAINMENINGES 

INFLAMMATIONl ACUTE DIFFUSE 
#CEREBRUM 

HEMORRHAGE 
GLIOSIS 
NECROSIS, FOCAL 

HEMORRHAGE 
NECROSIS, FOCAL 

HEMORRHAGE 
NECROSIS, FOCAL 

#MEDULLA OBLONGATA 
NECROSIS, FOCAL 

*SPINAL CORD 
DEGENERATIONl NOS 

#BRAIN 

#CEREBELLUM 

1 (1%) 
(88) 

(248) 

(248) 
3 (1%) 
1 (0%) 

(248) 
3 (1%) 
1 (0%) 

2 (1%) 
(248) 

(248) 

(260) 
1 (0%) 

SPECIAL SENSE ORGANS 

HEMORRHAGE 
EMPYEMA 
SYNECHIAl ANTERIOR 
SYNECHIA, POSTERIOR 
CATARACT 

*VITREOUS BODY 
VASCULARIZATION 

*EYE/CORNEA 
INFLAMMATIONl ACUTE FOCAL 
INFLAMMATIONl CHRONIC FOCAL 
NECROSIS, FOCAL 

INFLAMMATIONl CHRONIC FOCAL 

DEGENERATIONl NOS 

INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC DIFFUSE 

*EYE 

*EY EARIS 

*EY E/RETINA 

*HARDERIAN GLAND 

Chrysotile Asbestos, NTP TR 295 280 

(260) 
4 (2%) 
1 (0%) 
1 (0%) 
2 (1%) 

11 (4%) 

1 (0%) 

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

(260) 

(260) 

(260) 

(250) 

(260) 
47 (19%) 

1 (0%) 
1 (0%) 



TABLE Cl .  SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS I N  MALE RATS IN  T H E  
LIFETIME FEED STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

SPECIAL SENSE ORGANS (Continued) 
*ZYMBAL GLAND 

CYST, NOS 
CYSTIC DUCTS 
ABSCESS, NOS 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERKERATOSIS 

(88) 

9 (10%) 
1 (1%) 
1 (1%) 
1 (1%) 

(250) 
1 (0%) 

20 (8%) 

5 (2%) 

MUSCULOSKELETAL SYSTEM 
*SKULL 

OSTEOPETROSIS 
FIBROUS OSTEODYSTROPHY 

FIBROUS OSTEODYSTROPHY 

DEGENERATION, NOS 

*STERNUM 

*RIB 

(88) 
2 (2%) 
1 (1%) 

1 (1%) 
(88) 

(88) 

(250) 
2 (1%) 

(250) 

(250) 
3 (1%) 

BODY CAVITIES 
*MEDIASTINUM 

ECTOPIA 
INFLAMMATION, ACUTE DIFFUSE 

"ABDOMINAL CAVITY 
CONGESTION, NOS 
HEMORRHAGE 
INFLAMMATION, CHRONIC 
NECROSIS, FAT 

INFLAMMATION, FIBRINOUS 
INFLAMMATION, CHRONIC DIFFUSE 

INFLAMMATION, FIBRINOUS 

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 

*PLEURA 

*PERICARDIUM 

*MESENTERY 

(88) 
1 (1%) 
1 (1%) 

(88) 

2 (2%) 
(88) 

(88) 

(88) 

(250) 

(250) 
1 (0%) 
1 (0%) 
1 (0%) 
9 (4%) 

1 (0%) 
1 (0%) 

1 (0%) 

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

(250) 

(250) 

(250) 

ALL OTHER SYSTEMS 
'MULTIPLE ORGANS 

MINERALIZATION 
CYST, NOS 
HEMORRHAGE 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, CHRONIC 
PIGMENTATION, NOS 

HERNIA, NOS 
HEMORRHAGE 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, CHRONIC FOCAL 
NECROSIS, DIFFUSE 

MESENTERY OF COLON 
INFLAMMATION, FIBRINOUS 

DIAPHRAGM 

(88) 
6 (6%) 
1 (1%) 

3 (3%) 

1 

(250) 
1 (0%) 

1 (0%) 
1 (0%) 
8 (3%) 
1 (0%) 

3 
1 
1 

1 

1 

SPECIAL MORPHOLOGY SUMMARY 
NECROPSY PERF/NO HISTO PERFORMED 2 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. SUMMARY O F  T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN  T H E  
LIFETIME F E E D  STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS 

CONTROL (UNTR) SHORT RANGE 

ANIMALS INITIALLY IN STUDY 88 
ANIMALS NECROPSIED 88 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 88 

250 
250 
248 

____ ~ 

INTEGUMENTARY SYSTEM 
*SKIN 

EPIDERMAL INCLUSION CYST 
ULCER, NOS 
ABSCESS, NOS 
INFLAMMATION, CHRONIC FOCAL 
FIBROSIS, FOCAL 
HYPERKERATOSIS 
ACANTHOSIS 

*SUBCUT TISSUE 
ABSCESS, NOS 
INFLAMMATION, CHRONIC FOCAL 

(88) 
1 (1%) 

1 (1%) 

(88) 

(250) 
1 (0%) 
1 (0%) 
4 (2%) 
1 (0%) 

1 (0%) 
3 (1%) 

1 (0%) 
1 (0%) 

(250) 

RESPIRATORY SYSTEM 
#LUNG/BRONCHUS 

#LUNG 
BRONCHIECTASIS 

CONGESTION, NOS 
HEMORRHAGE 
INFLAMMATION, INTERSTITIAL 
PNEUMONIA, ASPIRATION 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC 
PNEUMONIA INTERSTITIAL CHRONIC 
GRANULOMA, NOS 
NECROSIS, FOCAL 
PIGMENTATION, NOS 
HYPERPLASIA, ALVEOLAR EPITHELIUM 

HISTIOCYTOSIS 
#LUNG/ALVEOLI 

(87) 

(87) 
2 (2%) 
1 (1%) 
1 (1%) 

1 (1%) 
79 (91%) 

1 (1%) 

1 (1%) 

5 (6%) 
(87) 

(245) 

(245) 
1 (0%) 

5 (2%) 
3 ( 1 % )  
3 (1%) 
2 (1%) 
2 (1%) 

229 (93%) 

2 (1%) 

4 (2%) 
3 (1%) 

3 (1%) 
(245) 

H E MATOPOI ETIC SYSTEM 
#BONE MARROW 

HYPOPLASIA, NOS 
HYPERPLASIA, NOS 
MYELOPOIESIS 

HEMORRHAGE 
INFLAMMATION, CHRONIC FOCAL 
FIBROSIS, FOCAL 
FIBROSIS, MULTIFOCAL 
FIBROSIS, DIFFUSE 
NECROSIS, NOS 
NECROSIS, FOCAL 
NECROSIS, DIFFUSE 
METAMORPHOSIS FATTY 
HEMOSIDEROSIS 
METAPLASIA, OSSEOUS 
HYPERPLASIA, MEGAKARYOCYTIC 
HEMATOPOIESIS 

#SPLENIC CAPSULE 
FIBROSIS, FOCAL 
FIBROSIS, MULTIFOCAL 

#SPLENIC FOLLICLES 
ATROPHY, NOS 

#SPLEEN 

Chrysotile Asbestos, NTP TR 295 

(84) 
1 (1%) 
1 (1%) 

(87) 
2 (2%) 

4 (5%)  
1 (1%) 
1 (1%) 

2 (2%) 
1 (1%) 

27 (31%) 

24 (28%) 
(8'7) 

(87) 
2 (2%) 

282 

(241) 
8 (3%) 
1 (0%) 
1 (0%) 

4 (2%) 
1 (0%) 
7 (3%) 

4 (2%) 
1 (0%) 
5 (2%) 

1 (0%) 
65 (27%) 

1 (0%) 
1 (0%) 

72 (29%) 

1 (0%) 
2 (1%) 

3 (1%) 

( 245 ) 

(245) 

( 245 ) 



TABLE C2. SUMMARY O F  T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN  T H E  
LIFETIME F E E D  STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

HEMATOPOIETIC SYSTEM (Continued) 
#LYMPH NODE 

INFLAMMATION, ACUTE FIBRINOUS 
NECROSIS, DIFFUSE 
HYPERPLASIA, LYMPHOID 

#MANDIBULAR L. NODE 
HEMORRHAGE 
INFLAMMATION, FIBRINOUS 
PIGMENTATION, NOS 
ERYTHROPHAGOCYTOSIS 
HYPERPLASIA, LYMPHOID 

#CERVICAL LYMPH NODE 
HYPERPLASIA, LYMPHOID 

#MEDIASTINAL LYMPH NODE 
CONGESTION, NOS 
HEMORRHAGE 
INFLAMMATION, FIBRINOUS 
INFLAMMATION, ACUTE 
PIGMENTATION, NOS 
ERYTHROPHAGOCYTOSIS 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 

#HEPATIC LYMPH NODE 
PIGMENTATION, NOS 
HYPERPLASIA, RETICULUM CELL 

INFLAMMATION, ACUTE DIFFUSE 
PIGMENTATION, NOS 
ATROPHY, NOS 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 

#MESENTERIC LYMPH NODE 
HEMORRHAGE 
INFLAMMATION, ACUTE 
PIGMENTATION, NOS 
ATROPHY, NOS 
ERYTHROPHAGOCYTOSIS 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 

HYPERPLASIA, RETICULUM CELL 

INFLAMMATION, ACUTE DIFFUSE 

HYPERPLASIA, LYMPHOID 

#PANCREATIC LYMPH NODE 

#ILEOCOLIC LYMPH NODE 

#RENAL LYMPH NODE 

#ILIAC LYMPH NODE 

#LIVER 
LEUKOCYTOSIS, NOS 
HEMATOPOIESIS 

#CECUM 
HEMATOWIESIS 

(87) 

(87) 
1 (1%) 

1 (1%) 

15 (17%) 
(87) 

(87) 

2 (2%) 

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

(87) 

(87) 

2 (2%) 
1 (1%) 
4 (5%) 

(87) 
2 (2%) 

2 (2%) 

43 (49%) 
4 (5%) 

1 (1%) 
(87) 

(87) 

(87) 

(87) 
1 (1%) 

(87) 

(245) 
1 (0%) 
1 (0%) 
2 (1%) 

1 (0%) 
1 (0%) 

3 (1%) 
38 (16%) 

2 (1%) 

3 (1%) 
3 (1%) 
1 (O%J 
1 (0%) 

26 (11%) 
5 (2%) 
2 (1%) 

10 (4%) 

1 (0%) 
1 (0%) 

1 (0%) 
12 (5%) 

13 (5%) 
2 (1%) 

(245) 

(245) 

( 245 1 

(245) 

( 245 ) 

(245) 

1 (0%) 
3 (1%) 
1 (0%) 
3 (1%) 
90 (37%) 

4 (2%) 
(245) 

(246) 

(246) 

(244) 

1 (0%) 

2 (1%) 
3 (1%) 

1 (0%) 
(244) 

CIRCULATORY SYSTEM 
*MEDIASTINUM 

PERIARTERITIS 
#LYMPH NODE 

LY MPHANGIECTASIS 
#MEDIASTINAL L. NODE 

LYMPHANGIECTASIS 
#HEPATIC LYMPH NODE 

LYMPH ANGIECTASIS 
#PANCREATIC L. NODE 

LY MPHANGIECTASIY 

(88) 

(87) 

(250) 

(245) 

(245) 

(245) 

1 (0%) 

1 (0%) 

1 (0%) 

(245) 
1 (0%) 
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TABLE C2. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS I N  F E M A L E  R A T S  I N  T H E  
LIFETIME F E E D  STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) S H O R T  RANGE 

CIRCULATORY SYSTEM (Continued) 
#MESENTERIC L. NODE (87) (245) 

#ILEOCOLIC LYMPH NODE (87) (245) 

#ILIAC LYMPH NODE (87) (245) 

*ADIPOSE TISSUE (88) (250) 

#HEART (87) (245) 

LYMPHANGIECTASIS 1 (1%) 1 (0%) 

LYMPHANGIECTASIS 1 (1%) 1 (0%) 

LYMPHANGIECTASIS 1 (1%) 

PERIARTERITIS 1 (0%) 

THROMBOSIS, NOS 1 (0%) 
INFLAMMATION, CHRONIC FOCAL 1 (1%) 

THROMBOSIS, NOS 1 (1%) 1 (0%) 
#HEART/ATRIUM (87)  (245) 

#MYOCARDIUM (87 1 (245) 
INFLAMMATION, CHRONIC FOCAL 33 (38%) 72 (29%) 
INFLAMMATION, CHRONIC DIFFUSE 22 (25%) 65  (27%) 
DEGENERATION, NOS 1 (0%) 

PERIARTERITIS 1 (0%) 

PERIARTERITIS 2 (1%) 

THROMBOSIS, NOS 1 (0%) 

THROMBOSIS, NOS 1 (1%) 

#PANCREAS (86) (245) 

*MESENTERY (88) (250) 

#UTERUS (87) ( 245 ) 

#PITUITARY (87) (244) 

DIGESTIVE SYSTEM 
*TONGUE (88) (250) 

ABSCESS, NOS 1 (0%) 
ACANTHOSIS 2 (1%) 

ABSCESS, NOS 1 (0%) 
INFLAMMATION, CHRONIC DIFFUSE 1 (0%) 
ATROPHY, FOCAL 1 (1%) 

HEMORRHAGE 2 (2%) 6 (2%) 
INFLAMMATION, FIBRINOUS 1 (1%) 
INFLAMMATION, ACUTE FOCAL 1 (0%) 
INFLAMMATION, CHRONIC 1 (0%) 
GRANULOMA, NOS 26 (30%) 49 (20%) 
HEPATITIS, TOXIC 12 (14%) 37 (15%) 
NECROSIS, FOCAL 4 (5%) 33 (14%) 
INFARCT, NOS 1 (0%) 
METAMORPHOSIS FATTY 30 (34%) 75 (31%) 
PIGMENTATION, NOS 12 (14%) 56 (23%) 
MITOTIC ALTERATION 2 (1%) 

84 (34%) FOCAL CELLULAR CHANGE 42 (48%) 
H EPATOC Y TOM E GA LY 2 (1%) 
ANGIECTASIS 6 (7%) 3 (1%) 

DILATATION, NOS 1 (0%) 
CYST, NOS 1 (0%) 
INFLAMMATION, CHRONIC 11 (13%) 28 (11%) 
FIBROSIS 1 (1%) 2 (1%) 
FIBROSIS, FOCAL 1 (0%) 
HYPERPLASIA, NOS 3 (3%) 16 (7%) 
HYPERPLASIA, FOCAL 1 (0%) 

ECTOPIA 3 (3%) 5 (2%) 
INFLAMMATION, CHRONIC DIFFUSE 1 (1%) 1 (0%) 
ATROPHY, FOCAL 4 (5%) 8 (3%) 
ATROPHY, DIFFUSE 2 (2%) 5 (2%) 

#SALIVARY GLAND (87) (243) 

#LIVER (87) (244) 

#BILE DUCT (87) (244) 

#PANCREAS (86) ( 245 ) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
LIFETIME FEED STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE 

DIGESTIVE SYSTEM (Continued) 
#PANCREATIC ACINUS (86)  (245) 

*PHARYNGEAL MUCOSA (88) (250) 

#ESOPHAGUS (87) (244) 

#STOMACH (87) (245) 

HYPERPLASIA, FOCAL 1 (1%) 3 (1%) 

HYPERKERATOSIS 1 (0%) 

HYPERKERATOSIS 4 (5%) 8 (3%) 

HEMORRHAGE 2 (1%) 
INFLAMMATION, ACUTE FOCAL 2 (2%) 2 (1%) 
INFLAMMATION, ACUTE DIFFUSE 1 (1%) 
INFLAMMATION, CHRONIC FOCAL 4 (5%) 9 (4%) 

ULCER, PERFORATED 7 (8%) 21 (9%) 
ADHESION, NOS 2 (2%) 1 (0%) 

NECROSIS, DIFFUSE 2 (2%) 2 (1%) 

INFLAMMATION, CHRONIC DIFFUSE 9 (10%) 35 (14%) 

NECROSIS, FOCAL 12 (14%) 33 (13%) 

HYPERKERATOSIS 21 (24%) 59 (24%) 
ACANTHOSIS 19 (22%) 59 (24%) 

#GASTRIC SUBMUCOSA (87) ( 245 ) 

#GASTRIC MUSCULARIS (87) (245) 

#GASTRIC FUNDUS (87) (245)  

#SMALL INTESTINE (87) (244) 

#DUODENUM (87) (244) 

#COLON (87) (244) 

EDEMA, NOS 1 (0%) 

DEGENERATION, NOS 1 (0%) 

HYPERPLASIA, EPITHELIAL 1 (0%) 

PARASITISM 1 (0%) 

ULCER, PERFORATED 1 (0%) 

EDEMA, NOS 1 (0%) 
INFLAMMATION, ACUTE FOCAL 1 (0%) 
INFLAMMATION, CHRONIC FOCAL 2 (2%) 1 (0%) 

NECROSIS, FOCAL 1 (1%) 2 (1%) 

FIBROSIS, FOCAL 1 (0%) 

HEMORRHAGE 1 (1%) 
INFLAMMATION, ACUTE FOCAL 1 (1%) 
INFLAMMATION, ACUTE DIFFUSE 1 (0%) 
INFLAMMATION, CHRONIC FOCAL 1 (1%) 3 (1%) 
INFLAMMATION, CHRONIC DIFFUSE 1 (0%) 
GRANULOMA, NOS 1 (0%) 
FIBROSIS, FOCAL 1 (0%) 
NECROSIS, FOCAL 2 (2%) 3 (1%) 
HYPERPLASIA, EPITHELIAL 1 (1%) 

PARASITISM 1 (0%) 

PARASITISM 8 (9%) 13 (5%) 

#COLONIC SUBMUCOSA (87) (244) 

#CECUM (87) (244) 

#DESCENDING COLON (87) (244) 

URINARY SYSTEM 
#KIDNEY (87) (245) 

MINERALIZATION 63 (72%) 208 (85%) 

INFLAMMATION, CHRONIC 84  (97%) 231 (94%) 
INFLAMMATION, ACUTE FOCAL 1 (0%) 

NEPHROSIS, NOS 1 (0%) 
METAMORPHOSIS FATTY 2 (1%) 
PIGMENTATION, NOS 1 (0%) 
HYPERPLASIA, TUBULAR CELL 1 (0%)  
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TABLE C2. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS I N  FEMALE R A T S  I N  T H E  
LIFETIME F E E D  STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Cont inued)  

CONTROL (UNTR) S H O R T  RANGE 

URINARY SYSTEM (Continued) 
# KIDNEYmUBULE 

DEGENERATION, NOS 
NECROSIS, DIFFUSE 
PIGMENTATION, NOS 

#URINARY BLADDER 
HEMORRHAGE 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, DIFFUSE 
HYPERPLASIA, PAPILLARY 

(87) 
1 (1%) 

57 (66%) 

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

(87) 

1 (0%) 
198 (81%) 

(242) 

1 (0%) 

ENDOCRINE SYSTEM 
#PITUITARY 

CYST, NOS 
HEMORRHAGE 
HEMORRHAGIC CYST 
GLIOSIS 
NECROSIS, FOCAL 
PIGMENTATION, NOS 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 
ANGIECTASIS 
METAPLASIA, OSSEOUS 

ATROPHY, NOS 
HYPERPLASIA, FOCAL 
ANGIECTASIS 

#ADRENAL CORTEX 
DEGENERATION, NOS 
NECROSIS, FOCAL 
METAMORPHOSIS FATTY 
HYPERPLASIA, FOCAL 
ANGIECTASIS 

#ADRENAL MEDULLA 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

CYSTIC FOLLICLES 
FOLLICULAR CYST, NOS 

ANGIECTASIS 
#PARATHYROID 

HYPERPLASIA, NOS 
#PANCREATIC ISLETS 

HYPERPLASIA, FOCAL 

#ADRENAL 

#THYROID 

HYPERPLASIA., C-CELL 

(87) 
6 (7%) 
3 (3%) 

1 (1%) 

6 (7%) 
1 (1%) 

15 (17%) 

(87) 

(87) 
2 (2%) 
1 (1%) 

32 (37%) 
8 (9%) 
1 (1%) 

1 (1%) 
16 (18%) 

1 (1%) 
4 (5%) 

20 (23%) 

(87) 

(87) 

(85) 

(86) 
1 (1%) 

1 (1%) 

(244) 
21 (9%) 

4 (2%) 
2 (1%) 
1 (0%) 

2 (1%) 
19 (8%) 
1 (0%) 

42 (17%) 
1 (0%) 

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

4 (2%) 
1 (0%) 

96 (39%) 
11 (4%) 
2 (1%) 

(245) 

(245) 

(245) 

47 (19%) 

3 (1%) 
10 (4%) 
58 (24%) 
1 (0%) 

7 (3%) 

1 (0%) 

(244) 

(222) 

(245) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

GALACTOCELE 
CYST, NOS 
CYSTIC DUCTS 
INFLAMMATION, ACUTE DIFFUSE 
ABSCESS, NOS 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 

Chrysotile Asbestos, NTP TR 295 

(88) 
7 (8%) 

46 (52%) 
1 (1%) 

8 (9%) 
1 (1%) 
2 (2%) 

286 

(250) 
39 (16%) 

1 (0%) 
116 (46%) 

1 (0%) 
23 (9%) 

1 (0%) 
8 (3%) 



TABLE C2. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS I N  FEMALE R A T S  I N  THE 
LIFETIME FEED STUDY O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Cont inued)  

CONTROL (UNTR) S H O R T R A N G E  

REPRODUCTIVE SYSTEM (Continued) 
'PREPUTIAL GLAND 

CYSTIC DUCTS 
INFLAMMATION, ACUTE 
ABSCESS, NOS 
HYPERPLASIA, FOCAL 
HYPERKERATOSIS 

HYPERKERATOSIS 
ACANTHOSIS 

HYDROMETRA 
HEMORRHAGE 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
NECROSIS, FOCAL 
NECROSIS, FAT 
HYPERPLASIA, PAPILLARY 
ANGIECTASIS 

#CERVIX UTERI 
ABSCESS, NOS 
INFLAMMATION, CHRONIC DIFFUSE 
FIBROSIS 
HYPERKERATOSIS 
ACANTHOSIS 

CYST, NOS 
HYPERPLASIA, FOCAL 
HYPERPLASIA, PAPILLARY 

RETENTION FLUID 

CYST, NOS 
FOLLICULAR CYST, NOS 
PAROVARIAN CYST 
HEMORRHAGE 
INFLAMMATION, ACUTE DIFFUSE 
ABSCESS, NOS 

*VAGINA 

#UTERUS 

#UTERUS/ENDOMETRIUM 

#FALLOPIAN TUBE 

#OVARY 

(88) 
3 (3%) 
1 (1%) 

1 (1%) 

1 (1%) 
1 (1%) 

2 (2%) 
1 (1%) 

1 (1%) 

(88) 

(87) 

1 (1%) 

1 (1%) 
1 (1%) 

(87) 

1 (1%) 

1 (1%) 

(2601 
5 (2%) 

4 (2%) 
1 (0%) 
3 (1%) 

(2501 

( 245 1 
9 (4%) 
1 (0%) 
1 (0%) 

1 (0%) 

1 (0%) 

1 (0%) 

2 (1%) 
1 (0%) 
3 (1%) 
2 (1%) 
4 (2%) 

6 (2%) 
1 (0%) 
2 (1%) 

(245) 

(245) 

(245) 

(245) 
16 (7%) 
3 (1%) 
2 (1%) 
1 (0%) 
1 (0%) 

NERVOUS SYSTEM 
XBRAINMENINGES 

INFLAMMATION, ACUTE DIFFUSE 
#CEREBRUM 

HEMORRHAGE 
GLIOSIS 
NECROSIS, FOCAL 

HEMORRHAGE 

HEMORRHAGE 
NECROSIS, FOCAL 

#BRAIN 

#CEREBELLUM 

(87) 

(87) 
3 (3%) 
1 (1%) 
1 (1%) 

(87) 

(87) 
1 (1%) 

(245) 

(246) 
1 (0%) 

3 (1%) 
2 (1%) 

2 (1%) 

1 (0%) 
1 (0%) 

(245) 

(245) 

SPECIAL SENSE ORGANS 
*EYE 

HEMORRHAGE 
EMPYEMA 
SYNECHIA, POSTERIOR 
CATARACT 
PHTHISIS BULBI 

287 

(88) 
4 (5%) 

3 (3%) 
11 (13%) 

(250) 
2 (1%) 
1 (0%) 
4 (2%) 

21 (8%) 
2 (1%) 
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TABLE C2. SUMMARY O F  T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS I N  T H E  
LIFETIME F E E D  STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

~~~ ~~ 

CONTROL (UNTR) SHORT RANGE 

SPECIAL SENSE ORGANS (Continued) 
*E Y EICORNEA 

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 

*EY E/RETINA 
DEGENERATION, NOS 

*EYELID 
ACANTHOSIS 

*HARDERIAN GLAND 
INFLAMMATION, ACUTE DIFFUSE 

*ZYMBAL GLAND 
CYSTIC DUCTS 
ABSCESS, NOS 

(88) 

1 (1%) 

26 (30%) 
(88) 

(88) 

(88) 

(88) 
2 (2%) 

(250) 
1 (0%) 
2 (1%) 

( 250 1 

(260) 

(250) 

(260) 

71 (28%) 

1 (0%) 

2 (1%) 

9 (4%) 
1 (0%) 

MUSCULOSKELETAL SYSTEM 
*SKULL 

OSTEOPETROSIS 
FIBROUS OSTEODYSTROPHY 

OSTEOPETROSIS 
DEGENERATION, NOS 

DEGENERATION, NOS 

OSTEOPETROSIS 

*STERNUM 

*RIB 

*FEMUR 

(88) 
3 (3%) 

(88) 
5 (6%) 

(88) 

(88) 
2 (2%) 

(250) 
9 (4%) 
1 (0%) 

13 (5%) 
1 (0%) 

(250) 

(250) 

BODY CAVITIES 
*MEDIASTINUM 

INFLAMMATION, FIBRINOUS 
INFLAMMATION, ACUTE DIFFUSE 

*ABDOMINAL CAVITY 
NECROSIS, FAT 

*PERITONEUM 
INFLAMMATION, NOS 

*PLEURA 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 

*MESENTERY 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, CHRONIC FOCAL 

(88) 

(88) 

2 (2%) 

(250) 

1 (0%) 

5 (2%) 

1 (0%) 

1 (0%) 
1 (0%) 

1 (0%) 
2 (1%) 

(250) 

(250) 

(250) 

(260) 

~~~ 

ALL OTHERSYSTEMS 
*MULTIPLE ORGANS 

MINERALIZATION 
INFLAMMATION, CHRONIC 
PIGMENTATION, NOS 

HERNIA, NOS 
DIAPHRAGM 

(88) 

1 (1%) 
2 (2%) 

7 

(260) 
2 (1%) 
1 (0%) 
1 (0%) 

8 

SPECIAL MORPHOLOGY SUMMARY 
NECROPSY PERFINO HISTO PERFORMED 
AUTONECROPSYMISTO PERFORMED 
AUTOINECROPSYINO HISTO 

6 
1 

1 

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
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APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN RATS IN THE LIFETIME FEED STUDIES 

OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 
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TABLE D1. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE RATS I N T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS 

CONTROL 
(UNTR) DMH I R  I R  t DMH IRlPW 

ANIMALS INITIALLY IN STUDY 88 125 250 175 100 
ANIMALS NECROPSIED 88 125 250 175 100 
ANIMALS EXAMINED 

HISTOPATHOLOGICALLY 85 125 250 175 100 

INTEGUMENTARY SYSTEM 
*SKIN (88) 

CYST, NOS 
EPIDERMAL INCLUSION CYST 1 (1%) 
DERMAL INCLUSION CYST 
EDEMA, NOS 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/ 

HYPERPLASIA, NOS 
HYPERKERATOSIS 
ACANTHOSIS 

MINERALIZATION 
MULTILOCULAR CYST 1 (1%) 
STEATITIS 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 
ABSCESS, NOS 
INFLAMMATION, ACUTE/ 

CHRONIC 1 (1%) 
INFLAMMATION, CHRONIC 
NECROSIS, FAT 1 (1%) 
HYPERPLASIA, FOCAL 
HYPERKERATOSIS 

CHRONIC 

*SUBCUT TISSUE (88) 

(125) 

3 (2%) 

1 (1%) 

1 (1%) 

1 (1%) 
1 (1%) 

(125) 

1 (1%) 

(250) (175) (1001 
3 (1%J 
1 (0%) 
1 (0%) 1 (1%) 
2 (1%) 

1 (0%) 

2 (1%) 
(250) I1751 

1 (0%) 
3 (1%) 

1 (1%) 

1 (0%) 
1 (0%) 

1 (0%) 
1 (1%) 

1 (1%) 

RESPIRATORY SYSTEM 
*NASAL CAVITY (88) 

HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 

*NASAL TURBINATE (88) 
CONGESTION, NOS 
INFLAMMATION, SUPPURATIVE 

#TRACHEA (86) 
CYST, NOS 

#LUNG (85) 
BRONCHIECTASIS 
CONGESTION, NOS 11 (13%) 
HEMORRHAGE 3 (4%) 
INFLAMMATION, INTERSTITIAL 4 (5%) 
PNEUMONIA, ASPIRATION 1 (1%) 
INFLAMMATION, SUPPURATIVE 
BRONCHOPNEUMONIA, ACUTE 1 (1%) 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/ 

INFLAMMATION, CHRONIC 45 (53%) 
INFLAMMATION, CHRONIC 

ABSCESS, CHRONIC 

CHRONIC 

FOCAL 

Chrysotile Asbestos, NTP TR 295 

(1251 

(125) 

(124) 

(125) 

7 (6%) 
1 (1%) 
2 (2%) 

1 (1%) 

86 (69%) 

290 

(250) 

(250) 
1 (0%) 
1 (0%) 

1 (0%) 
(250) 

(250) 

8 (3%) 
1 (0%) 
9 (4%) 

1 (0%) 

1 (0%) 
98 (39%) 

1 (0%) 

(175) 

1 (1%) 

(175) 

(1751 

(1751 

3 (2%) 
2 (1%) 
4 (2%) 

1 (1%) 

1 (1%) 

1 (1%) 
60 (34%) 

(100) 
1 (1%) 

1 (1%) 
(100) 

(991 

(99) 
2 (2%) 
7 (7%) 

4 (4%) 

2 (2%) 

51 (52%) 

3 (3%) 



TABLE D1. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS I N  MALE R A T S  I N T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
IRlPW (UNTR) DMH IR IR + DMH 

RESPIRATORY SYSTEM 
#LUNG (Continued) 

INFLAMMATION, GRANULO- 

INFLAMMATION GRANULO- 
MATOUS 1 (0%) 

MATOUS FOCAL 3 (1%) 1 (1%) 
NECROSIS, FOCAL 1 (0%) 

EPITHELIUM 5 ( 6 % )  3 (2%) 13 (5%) 6 (3%) 4 (4%) 
METAPLASIA, OSSEOUS 1 (1%) 

EDEMA, NOS 1 (0%) 
HISTIOCYTOSIS 10 (4%) 

HYPERPLASIA, ALVEOLAR 

#LUNG/ALVEOLI (85) (125) (250) (175) (99) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS (88) 

#BONE MARROW (84) 

#SPLEEN (85) 

HYPERPLASIA, LYMPHOID 

HYPERPLASIA, NOS 

ECTOPIA 
CONGESTION, NOS 1 (1%) 
INFLAMMATION, CHRONIC 
FIBROSIS 1 (1%) 
FIBROSIS, FOCAL 2 (2%) 
NECROSIS, NOS 
NECROSIS, FOCAL 
NECROSIS, ISCHEMIC 
INFARCT, NOS 
INFARCT, HEALED 
PIGMENTATION, NOS 1 (1%) 
HEMOSIDEROSIS 13 (15%) 
ATROPHY, NOS 7 (8%) 
HYPERPLASIA, STROMAL 1 (1%) 
ANGIECTASIS 1 (1%) 
HYPERPLASIA, RETICULUM CELL 1 (1%) 
HEMATOPOIESIS 7 (8%) 

INFLAMMATION, CHRONIC 1 (1%) 
FIBROSIS 

ATROPHY, NOS 

#SPLENIC CAPSULE (85) 

#SPLENIC FOLLICLES (85) 

#MANDIBULAR L. NODE (85) 
CONGESTION, NOS 1 (1%) 
HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 
NECROSIS, NOS 
PIGMENTATION, NOS 1 (1%) 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 12 (14%) 

#CERVICAL LYMPH NODE (85) 
CONGESTION, NOS 1 (1%) 
HEMORRHAGE 1 (1%) 
PIGMENTATION, NOS 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, LYMPHOID 1 ( 1 % )  

(125) 

(122) 

(125) 

2 (2%) 

2 (2%) 

10 (8%) 
1 (1%) 

9 (7%) 
(125) 

(125) 

(125) 
2 (2%) 

2 (2%) 

1 (1%) 
13 (10%) 

12 (10%) 

1 (1%) 
(125) 

3 (2%) 
2 (2%) 

(250) 

(248) 

( 250 1 

1 (0%) 

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

22 (9%) 
5 (2%) 

6 (2%) 

46 (18%) 
1 (0%) 

1 (0%) 

24 (10%) 
(250) 

1 (0%) 
( 250 ) 

(250) 
3 (1%) 
2 (1%) 

1 (0%) 
1 (0%) 
3 (1%) 
46 (18%) 
1 (0%) 
10 (4%) 

(250) 

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

(175) 

(175) 

(175) 
1 (1%) 

5 (3%) 
1 (1%) 

8 (5%) 
1 (1%) 

18 (10%) 

13 (7%) 
(175) 

(175) 

(175) 

2 (1%) 
1 (1%) 

40 (23%) 
1 (1%) 
2 (1%) 

(175) 

1 ( 1 % )  

(100) 

(98) 

(99) 

1 (1%) 

3 (3%) 
3 (3%) 

1 (1%) 
1 (1%) 

16 (16%) 

6 (6%) 
(99) 

(99) 

(100) 
1 (1%) 

1 (1%) 
2 (2%) 

2 (2%) 
38 (38%) 

9 (9%) 
(100) 

3 (3%) 
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TABLE D1. SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS I N  MALE RATS I N T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH I R/P W 

HEMATOPOIETIC SYSTEM (Continued) 
#MEDIASTINAL L. NODE (85) 

CONGESTION, NOS 3 (4%) 
HEMORRHAGE 1 (1%) 
INFLAMMATION, SUPPURATIVE 
NECROSIS, NOS 
PIGMENTATION, NOS 5 (6%) 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, RETICULUM 

CELL 1 (1%) 
HYPERPLASIA, LYMPHOID 2 (2%) 

HYPERPLASIA, RETICULUM 
#CELIAC LYMPH NODE (85) 

CELL 
#PANCREATIC L. NODE (85) 

HEMORRHAGE 
INFLAMMATION, ACUTE 
NECROSIS, NOS 1 (1%) 
PIGMENTATION, NOS 
HEMOSIDEROSIS 1 (1%) 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 3 (4%) 
HE MAT0 POI ESIS 

HEMORRHAGE 1 (1%) 
INFLAMMATION, SUPPURATIVE 1 (1%) 
PIGMENTATION, NOS 
ANGIECTASIS 1 (1%) 
ERYTHROPHAGOCYTOSIS 1 (1%) 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, RETICULUM CELL 1 (1%) 
HYPERPLASIA, LYMPHOID 6 (7%) 

HYPERPLASIA, LYMPHOID 

HEMORRHAGE 1 (1%) 
INFLAMMATION, ACUTE 

#MESENTERIC L. NODE (85) 

#ILEOCOLIC LYMPH NODE (85) 

#RENAL LYMPH NODE (85) 

(125) 

9 (7%) 

(250) 
4 (2%) 
18 (7%) 

(175) 
3 (2%) 
12 (7%) 
1 (1%) 

41 (23%) 
11 (6%) 

4 (2%) 

(175) 

(1001 
1 (1%) 
14 (14%) 
1 (1%) 

41 (41%) 
9 (9%) 

1 (0%) 
58 (23%) 

3 (1%) 

3 (1%) 
1 (0%) 

( 250 ) 

15 (12%) 

1 (1%) 
1 (1%) 

(125) 

L (1%) 

(100) 

1 (1%) 
(175) (125) (250) 

3 (1%) 
1 (0%) 

(100) 

2 (2%) 14 (6%) 7 (4%) 6 (6%) 

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

(100) 
2 (2%) 

28 (28%) 

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

1 (1%) 

7 (4%) 

(175) 

1 (1%) 

(125) (250) 
2 (1%) 

28 (11%) 25 (20%) 

1 (1%) 
4 (3%) 
8 (6%) 

1 (1%) 
(125) 

(125)  

1 (1%) 

3 (3%) 
(100) 

(100) 

12 (5%) 
7 (3%) 

( 250 1 

2 (1%) 

(1751 

(175) (250) 
2 (1%) 
1 (0%) 
1 (0%) 
5 (2%) 
1 (0%) 

1 (0%) 
(250) 

NECROSIS, NOS 
PIGMENTATION, NOS 
HYPERPLASIA, LYMPHOID 

HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, LYMPHOID 

#AXILLARY LYMPH NODE 
HEMORRHAGE 
PIGMENTATION, NOS 

#BRACHIAL LYMPH NODE 
PIGMENTATION, NOS 

#POPLITEAL LYMPH NODE 
HYPERPLASIA, PLASMA CELL 

'STERNUM 
MYELOFIBROSIS 
MY E LOSCLE ROSIS 
HEMATOPOIESIS 

MYELOSCLEROSIS 

LEUKOCYTOSIS, NOS 

#ILIAC LYMPH NODE 

*FEMUR 

#LUNG 

1 (1%) 

(125) 

1 (1%) 

(100) 
1 (1%) 

(85 )  

2 (2%)  
(85) 

(175) 

(125) (250) 
1 (0%) 
1 (0%) 

(250) 

(250) 

(175) (100) 

(125) 

(125) 

(125) 

(175) 

(175) 

(175) 

1 (1%) 

1 (1%) 

(100) 

(100) 

( 250 ) 
3 (1%) 

(100) 

2 (2%) 

(100) 

(99) 
1 (1%) 

1 (1%) 
(88) (125) (250) 

(85 )  
3 (4%) 

(125) 
2 (2%) 

(250) 
1 (0%) 
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TABLE DI, SUMMARY OF T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE RATS I N T H E  
LIFETIME F E E D  STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
IRIPW (UNTR) DMH I R  I R  t DMH 

HEMATOPOIETIC SYSTEM (Continued) 
#LIVER (85) (125) (250) (175) (100) 

LEUKOCYTOSIS, NOS 2 (2%) 1 (1%) 
MEGAKARYOCYTOSIS 1 (0%) 
HEMATOPOIESIS 1 (1%) 

LEUKOCYTOSIS, NOS 3 (1%) 

HYPERPLASIA, LYMPHOID 10 (10%) 

HYPERPLASIA, LYMPHOID 1 (1%) 

HYPERPLASIA, LYMPHOID 1 (1%) 

HEMATOPOIESIS 1 (1%) 

ECTOPIA 1 (0%) 
THYROGLOSSAL DUCT CYST 1 (1%) 
CONGESTION, NOS 1 (1%) 1 (0%) 

#HEPATIC SINUSOID (85) (125) (250) (175) (1001 

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

#CECUM (85) (125) (250) (175) 1100) 

#ASCENDING COLON (85) (125) (250) (175) (100) 

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

#THYMUS (62) (107) (212) (156) (87) 

CIRCULATORY SYSTEM 
#LYMPH NODE 

LYMPHANGIECTASIS 
#MANDIBULAR L. NODE 

LYMPHANGIECTASIS 
#CERVICAL LYMPH NODE 

LYMPHANGIECTASIS 
#MEDIASTINAL L. NODE 

LYMPHANGIECTASIS 
#CELIAC LYMPH NODE 

LYMPHANGIECTASIS 
#PANCREATIC L. NODE 

LYMPHANGIECTASIS 
#MESENTERIC L. NODE 

LYMPHANGIECTASIS 
#ILEOCOLIC LYMPH NODE 

LYMPHANGIECTASIS 
#RENAL LYMPH NODE 

LYMPHANGIECTASIS 
#ILIAC LYMPH NODE 

LYMPHANGIECTASIS 
#AXILLARY LYMPH NODE 

LYMPHANGIECTASIS 
*SKELETAL MUSCLE 

THROMBOSIS, NOS 
# LUNCIBRONCHIOLE 

PERIARTERITIS 
#LUNG 

THROMBUS, FIBRIN 

THROMBUS, FIBRIN 
INFLAMMATION, FIBRINOUS 
INFLAMMATION, CHRONIC 
FIBROSIS 

THROMBOSIS, NOS 
THROMBUS, ORGANIZED 
THROMBUS, FIBRIN 

#HEART 

#HEART/ATRIUM 

(85) 

(85) 

1 (1%) 
1 (1%) 

1 (1%) 
(85) 

(125) 

(125) 

(125) 

125) 

(125) 

(125) 

1 (1%) 

12 (10%) 

1 (1%) 

1 (1%) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

6 (5%l 

6 (5%) 

1 (1%) 

2 (2%) 

1 (1%) 

(125) 

293 

(250) 

(250) 

(250) 

(250) 

(250) 

(250) 

( 250 ) 

(250) 

(250) 

(250) 

(250) 

1 (0%) 

23 (9%) 

1 (0%) 

5 (2%) 

1 (0%) 

1 (0%) 

16 (6%) 

2 (1%) 

1 (0%) 

1 (0%) 

(250) 

(250) 

(250) 

(250) 

1 (0%) 

1 (0%) 

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

(250) 

1 (0%) 
2 (1%) 

(175) 

(175) 

(175) 

(175) 

(175) 

(175) 

11 (6%) 

2 (1%)  

5 (3%)  

(175) 

(175) 

(175) 

(175) 

(175) 

6 (3%) 

1 (1%) 

(175) 

(175) 

(175) 

(175) 

(175) 

(100) 

(100) 

(100) 

(100) 

(100) 

(100) 

13 (13%) 

1 (1%) 

2 (2%) 

(100) 

(100, 

(100) 

(100, 

(100) 

(100) 

(99) 

(99) 

(99) 

11 (11%) 

2 (2%) 

1 (1%) 

1 (1%) 

(99) 

Chrysotile Asbestos, NTP TR 295 



TABLE D1. SUMMARY OF T H E  INCIDEYCE O F  NONNEOPLASTIC LESIONS IN MALE RATS I N T H E  
LIFETIME F E E D  STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  IR t DMH I R/P  W 

CIRCULATORY SYSTEM (Continued) 
#MYOCARDIUM ( 8 5 )  

MINERALIZATION 2 (2%) 
(125) 

2 (2%) 

1 (1%) 
6 (5%) 

70 (56%) 

(250) 
2 (1%) 
1 (0%) 

8 (3%) 
170 (68%) 

(175) (991 
2 (2%) 

THROMBUS, FIBRIN 
INFLAMMATION, SUPPURATIVE 1 (1%) 
INFLAMMATION, CHRONIC 
FIBROSIS 
FIBROSIS, FOCAL 
DEGENERATION, NOS 

#CARDIAC VALVE 
INFLAMMATION, CHRONIC 

*AORTA 
MINERALIZATION 

*CORONARY ARTERY 
MINERALIZATION 

*PULMONARY ARTERY 
MINERALIZATION 

*BRONCHIAL ARTERY 
INFLAMMATION, CHRONIC 

*SUP. PANC-DUOD. ARTERY 
MINERALIZATION 
THROMBUS, ORGANIZED 
PERIARTERITIS 

PERIARTERITIS 

THROMBOSIS, NOS 
THROMBUS, FIBRIN 

THROMBUS, CANALIZED 
PERIARTERITIS 

PERIARTERITIS 

PERIARTERITIS 

THROMBOSIS, NOS 

*MESENTERIC ARTERY 

#LIVER 

#PANCREAS 

#COLONIC SEROSA 

#TESTIS 

#ADRENAL 

53 (62%) 
1 (1%) 
2 (2%) 

(85) 

(881 

(88) 
9 (10%) 

15 (9%) 
90 (51%) 

4 (4%) 
72 (73%) 

1250) 

(250) 

(250) 

(2501 

(2501 

(250) 

5 (2%) 

1 (0%) 

1 (0%) 
1 (0%) 

(250) 

(1751 

(175) 

(175) 

(175) 

(175) 

(175) 

(125) 

(1251 
1 (1%) 

(99) 

(1001 

(100) 

(1001 

(1001 

(100) 

2 (2%) 

2 (2%) 
(125) 

(125) 

(125) 

(125) 

1 (1%) 

1 (1%) 

1 (1%) 

1 (1%) 
(100) 

(1001 

1 (1%) 
(99) 

(88) (1  25) (175) 

(125) (2501 

1 (0%) 
(249) (124) 

1 (0%) 

1 (0%) 

1 (0%) 

(250) 

(250) 

(2501 

5 (3%) 
(175) 

(175) 

(125) (100) 

(100) 

(100) 
1 (1%) 

(125) 

(125) (1751 

DIGESTIVE SYSTEM 
'MOUTH 

ABSCESS, NOS 
ACANTHOSIS 

INFLAMMATION, CHRONIC 

ECTOPIA 
CYST, NOS 
EDEMA, NOS 
INFLAMMATION, ACUTE 
ABSCESS, CHRONIC 
HYPERKERATOSIS 
ACANTHOSIS 

#SALIVARY GLAND 
CYST, NOS 
INFLAMMATION, ACUTE/ 

CHRONIC 
INFLAMMATION, CHRONIC 
HYPERTROPHY, FOCAL 

#SALIVARY SEROUS CLANII 
ATROPHY, NOS 

*MOUTH/ORAL CAVITY 

*TONGUE 

(88) (125) (2501 
1 (0%) 
1 (0%) 

(88) (125) (2501 

(88) (125) (250) 

(1751 (100) 

(100) 

1100) 
1 (1%) 

1 (1%) 
1 (1%) 

(1751 

(1751 
1 (1%) 

1 (1%) 

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

(84) (124) (247) (173) 
1 (1%) 

(98) 

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

1 (0%) 
(84) (124) (247) 

1 (1%) 

3 (2%) 

(1731 (98) 

Chrysotile Asbestos, NTP TR 295 294 



TABLE D1. SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS I N  MALE RATS I N T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Cont inued)  

CONTROL 
(UNTR) DMH I R  I R  t D M H  IRIPW 

DIGESTIVE SYSTEM (Continued) 
#LIVER (85) 

CYST, NOS 
MULTILOCULAR CYST 
CONGESTION, NOS 3 (4%) 
HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC 4 (5%) 
INFLAMMATION, CHRONIC 

FOCAL 

MATOUS FOCAL 
INFLAMMATION GRANULO- 

FIBROSIS 1 (1%) 
HEPATITIS, TOXIC 12 (14%) 
DEGENERATION, NOS 
DEGENERATION, CYSTIC 4 (5%) 
NECROSIS, NOS 4 (5%) 
NECROSIS, FOCAL 1 (1%) 
NECROSIS, COAGULATIVE 
METAMORPHOSIS, FATTY 13 (15%) 
PIGMENTATION, NOS 
CYTOPLASMIC VACUOLIZATION 
FOCAL CELLULAR CHANGE 20 (24%) 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 2 (2%) 
ANGIECTASIS 12 (14%) 

INFLAMMATION, SUPPURATIVE 1 (1%) 
INFLAMMATION, 

ACUTE FIBRINOUS 
INFLAMMATION,CHRONIC FOCAL1 (1%) 
ADHESION, FIBROUS 

FIBROSIS 26 (31%) 

CYST, NOS 2 (2%) 
MULTILOCULAR CYST 1 (1%) 
CYSTIC DUCTS 1 (1%) 
FIBROSIS 1 (1%) 
HYPERPLASIA, NOS 18 (21%) 
HYPERPLASIA, CYSTIC 

CYST, NOS 
EDEMA, INTERSTITIAL 
INFLAMMATION. SUPPURATIVE 

#HEPATIC CAPSULE (85) 

#LIVER/PERIPORTAL (85) 

#BILE DUCT (85) 

#PANCREAS (85) 

INFLAMMATION; CHRONIC 
NECROSIS, FIBRINOID 
ATROPHY, NOS 
ATROPHY, FOCAL 

#PANCREATIC DUCT 
HYPERPLASIA, NOS 

#PANCREATIC ACINUS 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

INFLAMMATION, CHRONIC 
ABSCESS, CHRONIC 
HYPERKERATOSIS 
METAPLASIA, OSSEOUS 

#ESOPHAGUS 

(125) 
1 (1%) 

1 (1%) 

1 (1%) 

4 (3%) 

15 (12%) 
1 (1%) 

36 (29%) 
3 (2%) 

14 (11%) 

35 (28%) 
3 (2%) 
6 (5%) 

11 (9%) 
(125) 

1 (1%) 

1 (1%) 

13 (10%) 
(125) 

(125) 

1 (1%) 

7 (6%) 

(124) 
1 (1%) 
1 (1%) 
1 (1%) 

16 (13%) 

(124) 

(124) 

(125) 

1 (1%) 

( 250 ) 
1 (0%) 

2 (1%) 
1 (0%) 

1 (0%) 
5 (2%) 

1 (0%) 

33 (13%) 

44 (18%) 
3 (1%) 
1 (0%) 
8 (3%) 

21 (8%) 
6 (2%) 
1 (0%) 

65 (26%) 
7 (3%) 
2 (1%) 

12 (5%) 
(250) 

(250) 

(250) 
14 (6%) 

58 (23%) 

(249) 

50 (20%) 

(249) 

(249) 
1 (0%) 
1 (0%) 

(250) 

(175) 
1 (1%) 
3 (2%) 

1 (1%) 
2 (1%) 

2 (1%) 

1 (1%) 
35 (20%) 

26 (15%) 
2 (1%) 

4 (2%) 
15 (9%) 
1 (1%) 

60 (34%) 
2 (1%) 

10 (6%) 
(175) 

(175) 

(175) 
6 (3%) 

11 (6%) 
1 (1%) 

1 (1%) 
(174) 

1 (1%) 

22 (13%) 

(174) 

(174) 
1 (1%) 

1 (1%) 

(174) 

(100) 

4 (4%) 
1 (1%) 

1 (1%) 

1 (1%) 

16 (16%) 

21 (21%) 

2 (2%) 
11 (11%) 
2 (2%) 

25 (25%) 
2 (2%) 
3 (3%) 
7 (7%) 

(100) 

(100) 

(100) 
27 (27%) 

10 (10%) 

(99) 

1 (1%) 
7 (7%) 

(99) 

(99) 

(98) 
1 (1%) 
1 (1%) 
2 (2%) 
1 (1%) 

295 Chrysotile Asbestos, NTP TR 295 



TABLE D1, SUMMARY O F  THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  MALE R A T S  I N T H E  
LIFETIME FEED STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) D M H  I R  I R  + D M H  I W P W  

DIGESTIVE SYSTEM (Continued) 
#STOMACH (85) 

MINERALIZATION 1 (1%) 
CYST, NOS 2 (2%) 
EDEMA, NOS 5 (6%) 
HEMORRHAGE 1 (1%) 
ULCER, NOS 8 (9%) 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 6 (7%) 
ULCER, ACUTE 5 (6%)  
INFLAMMATION, ACUTE FOCAL 2 (2%) 
INFLAMMATION, ACUTE/ 

CHRONIC 8 (9%) 
INFLAMMATION, CHRONIC 2 (2%) 
ULCER, CHRONIC 
ULCER, PERFORATED 
ADHESION, FIBROUS 
DEGENERATION, NOS 
NECROSIS, NOS 
NECROSIS, FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, BASAL CELL 1 (1%) 
HYPERKERATOSIS 7 (8%) 
ACANTHOSIS 10 (12%) 
METAPLASIA, SQUAMOUS 

HYPERPLASIA, NOS 
#GASTRIC MUCOSA (85) 

#GASTRIC SUBMUCOSA (85) 
EDEMA, NOS 1 (1%) 
HEMORRHAGE 

DEGENERATION, NOS 

ULCER, NOS 
INFLAMMATION, SUPPURATIVE 1 (1%) 

#GASTRIC MUSCULARIS (85) 

#GASTRIC SEROSA (85) 

INFLAMMATION, ACUTE 
FIBRINOUS 

ACANTHOSIS 
#SMALL INTESTINE/MUCOSA 

HYPERPLASIA, NOS 
#SMALL INTESTINAL SUB 

EDEMA, NOS 
#DUODENUM 

INFLAMMATION, ACUTE 
METAPLASIA, OSSEOUS 

#DUODENAL MUCOSA 
HYPERPLASIA, NOS 

#DUODENAL SEROSA 
INFLAMMATION, ACUTE/ 

CHRONIC 
#JEJUNUM 

DIVERTICULOSIS 
INFLAMMATION, ACUTE/ 

CHRONIC 
#LARGE INTESTINE 

INFLAMMATION, ACUTE/ 

INFLAMMATION, CHRONIC 
FIBROSIS 
PARASITISM 

CHRONIC 

Chrysotile Asbestos, NTP TR 295 

( 124) 
1 (1%) 
1 (1%) 

5 (4%) 

6 (5%) 
2 (2%) 

3 (2%) 
1 (1%) 

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

3 (2%) 
13 (10%) 

(124) 

(124) 
3 (2%) 

( 124) 

(124) 
1 (1%) 

1 (1%) 
1 (1%) 

1 (1%) 
(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

296 

(250) 
5 (2%) 
1 (0%) 

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

14 (6%) 
14 (6%)  
2 (1%) 

12 (5%) 

7 (3%) 
4 (2%)  

2 (1%) 

4 (2%)  

1 (0%) 

18 (7%) 
1 (0%) 

1 (0%)  

23 (9%) 

(250) 

(250) 

(250) 

(250) 
1 (0%) 

(250) 

(250) 

(250) 
1 (0%) 

1 (0%) 

(250) 

(250) 

(250) 
1 (0%)  

(250) 

(176) 

1 (1%) 

2 (1%) 

7 (4%) 
3 (2%) 
3 (2%) 
2 (1%) 

3 (2%) 
12 (7%) 

(175) 

(175) 
8 (5%) 
1 (1%) 

(175) 

(175) 

~ 

(100) 

4 (4%) 
7 (7%) 
1 (1%) 

3 (3%) 
1 (1%) 

2 (2%) 

1 (1%) 

14 (14%) 

(100) 

(100) 
10 (10%) 

(100) 

(100) 
1 (1%) 

(175) (100) 

(175) (100) 

(175) (100) 

(175) (100) 

(175) (100) 

1 (1%) 

1 (1%) 

1 (1%) 
(175) (100) 

1 (1%) 
(175) (100) 



TABLE D1. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS I N  MALE RATS IN  T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  IR t DMH IRlPW 

DIGESTIVE SYSTEM (Continued) 
#COLON (85) 

ULCER, NOS 1 (1%) 
INFLAMMATION, ACUTE 1 (1%) 
INFLAMMATION, ACUTE/ 

INFLAMMATION, CHRONIC 

PARASITISM 

EDEMA, NOS 

DEGENERATION, NOS 

INFLAMMATION, FIBRINOUS 

EDEMA, NOS 
HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 2 (2%) 
ULCER, ACUTE 
INFLAMMATION, ACUTE/ 

CHRONIC 
ABSCESS, CHRONIC 
PARASITISM 

C H R 0  NIC 

FOCAL 

#COLONIC SUBMUCOSA (85) 

#COLONIC MUSCULARIS (85) 

#COLONIC SEROSA (85) 

#CECUM (85 1 

2 (2%) 
#ASCENDING COLON (85) 

INFLAMMATION, ACUTE/ 

INFLAMMATION, CHRONIC 
ULCER, CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, EPITHELIAL 

PARASITISM 

PARASITISM 

CHRONIC 1 (1%) 

#TRANSVERSE COLON ( 8 5 )  

#DESCENDING COLON (85 ) 

(125) 

6 (5%) 
(125) 

(125) 

(125) 

(125) 
1 (1%) 

(125) 

1 (1%) 
3 (2%) 

1 (1%) 
2 (2%) 

1 (1%) 

2 (2%) 

(125) 

(125) 

(250) 

1 (0%) 
11 (4%) 

1 (0%) 

1 (0%) 

1 (0%) 

5 (2%) 
1 (0%) 
1 (0%) 

(250) 

(250) 

(250) 

(250) 

2 (1%) 
( 250 ) 

(250) 

(250) 

(175) 

1 11%) 

1 (1%) 
8 (5%) 

1 (1%) 
(175) 

(175) 

(175) 

(175) 

1 (1%) 

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

(175) 

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

1 (1%) 
(175) 

(175) 
3 (2%) 

(100) 

1 (1%) 

(100) 

(100) 

(100) 

(100) 

1 (1%) 
(100) 

(100) 

(100) 

URINARY SYSTEM 
#KIDNEY (85) 

MINERALIZATION 1 (1%) 
CAST, NOS 78 (92%) 
HYDRONEPHROSIS 
CYST, NOS 
CONGESTION, NOS 1 (1%) 
PYELONEPHRITIS, ACUTE 
INFLAMMATION, ACUTE 1 (1%) 
INFLAMMATION, ACUTE FOCAL 1 (1%) 
INFLAMMATION, CHRONIC 62 (73%) 
GLOMERULOSCLEROSIS, NOS 1 (1%) 
PIGMENTATION, NOS 9 (11%) 
HYPERPLASIA, TUBULARCELL 1 (1%) 
HYPERPLASIA, EPITHELIAL 1 (1%) 

CYST, NOS 
INFLAMMATION, CHRONIC 

CAST, NOS 
INFLAMMATION, CHRONIC 

CYST, NOS 3 (4%) 

#RIGHT KIDNEY (85) 

#LEFT KIDNEY (85) 

#KIDNEY/CORTEX (85) 

(125) 
1 (1%) 

97 (78%) 

2 (2%) 
1 (1%) 

77 (62%) 

19 (16%) 

(125) 

(125) 
1 (1%) 
1 (1%) 

(125) 

297 

(250) 
6 (2%) 

229 (92%) 
1 (0%) 

26 (10%) 
1 (0%) 

209 (84%) 

53 (21%) 

(250) 

(250) 

(250) 

(175) 

125 (71%) 
1 (1%) 
8 (5%) 

117 (67%) 

7 (4%) 

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

1 (1%) 
1 (1%) 

(175) 

(175) 

(100) 
1 (1%) 

87 (87%) 
3 (3%) 
9 (9%) 
1 (1%) 
1 (1%) 

84 (84%) 

17 (17%) 

(100) 

(100) 

(100) 

Chrysotile Asbestos, NTP TR 295 



TABLE D1. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE RATS I N T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH IRlPW 

URINARY SYSTEM (Continued) 
#KIDNEY/TUBULE (85) 

PIGMENTATION, NOS 1 (1%) 
HYPERPLASIA, EPITHELIAL 1 (1%) 

EDEMA, NOS 
HEMORRHAGE 4 (5%) 
INFLAMMATION, SUPPURATIVE 1 (1%) 
INFLAMMATION, ACUTE 1 (1%) 
INFLAMMATION, ACUTE 

INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 

#URINARY BLADDER (84) 

SUPPURATIVE 

INFLAMMATION, GRANULO- 
MATOUS 

NECROSIS, FOCAL 
HYPERPLASIA, EPITHELIAL 2 (2%) 
HYPERPLASIA, PAPILLARY 
POLYP, INFLAMMATORY 

HEMORRHAGE 1 (1%) 

OBSTRUCTION, NOS 

#U. BLADDEWSUBMUCOSA (84) 

*URETHRA (88) 

(125) 

(124) 

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

1 (1%) 

(124) 

(125) 

(250) 

(249) 
1 (0%) 
7 (3%) 
2 (1%) 

1 (0%) 
1 (0%) 

1 (0%) 

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

(249) 

(250) 
1 (0%) 

(174) (98) 

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

1 (1%) 

1 (1%) 
1 (1%) 

(174) (98) 

(175) (100) 
1 (1%) 

ENDOCRINE SYSTEM 
#PITUITARY 

CYST, NOS 
MULTILOCULAR CYST 
HEMORRHAGE 
FIBROSIS 
FIBROSIS, FOCAL 
NECROSIS, FOCAL 
CHOLESTEROL DEPOSIT 
PIGMENTATION, NOS 
HEMOSIDEROSIS 
HYPERTROPHY, FOCAL 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 
ANGIECTASIS 

HEMORRHAGE 
METAMORPHOSIS, FATTY 
PIGMENTATION, NOS 
ANGIECTASIS 

#ADRENAL CORTEX 
DEGENERATION, CYSTIC 
NECROSIS, NOS 
METAMORPHOSIS, FATTY 
HYPERTROPHY, FOCAL 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

#ADRENAL MEDULLA 
MINERALIZATION 
NECROSIS, NOS 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

#ADRENAL 

Chrysotile Asbestos, NTP TR 295 

(85) 
1 (1%) 

1 (1%) 

8 (9%) 

1 (1%) 

2 (2%) 

(85) 

(85) 

22 (26%) 

1 (1%) 
(85) 

8 (9%) 

( 124) 

4 (3%) 
(125) 

1 (1%) 

(125) 

20 (16%) 
1 (1%) 

3 (2%) 
(125) 

1 (1%) 

7 (6%) 

298 

(246) 
3 (1%) 

1 (0%) 
1 (0%) 
1 (0%) 
1 (0%) 
1 (0%) 
1 (0%) 
1 (0%) 
4 (2%) 

3 (1%) 
6 (2%) 

(250) 

2 (1%) 

2 (1%) 
1 (0%) 

27 (11%) 
2 (1%) 

7 (3%) 

1 (0%) 

1 (0%) 
29 (12%) 

(250) 

(250) 

(175) (100) 
3 (2%) 
2 (1%) 

2 (1%) 

1 (1%) 4 (4%) 
8 (5%) 4 (4%) 

(175) (100) 

(175) (100) 
1 (1%) 

17 (10%) 16 (16%) 
1 (1%) 1 (1%) 
1 (1%) 
1 (1%) 1 (1%) 

(175) (100) 

6 (3%) 8 (8%) 



TABLE D1. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS I N  MALE RATS I N T H E  
LIFETIME F E E D  STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH I W P W  

ENDOCRINE SYSTEM (Continued) 
#THYROID (84) 

CYST, NOS 
CYSTIC FOLLICLES 10 (12%) 
FOLLICULAR CYST, NOS 1 (1%) 
INFLAMMATION, ACUTE 1 (1%) 
INFLAMMATIONl CHRONIC 
HYPERPLASIAl NOS 
HYPERPLASIA, C-CELL 9 (11%) 
HYPERPLASIA, FOLLICULAR-CELL 
METAPLASIA, SQUAMOUS 

HYPERPLASIA, NOS 12 (15%) 

HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 1 (1%) 

#PARATHYROID (78) 

#PANCREATIC ISLETS ( 8 5 )  

(124) 250 1 
1 (0%) 

7 (6%) 17 (7%) 
1 (0%) 

1 (0%) 

21 117%) 51 (20%) 
1 (1%) 1 (0%) 

1 (0%) 
(119) (243) 

(124) (249) 
13 (11%) 30 (12%) 

1 (0%) 
2 (1%) 

(175) (99) 

6 (3%) 12 (12%) 

1 (1%) 
36 (21%) 13 (13%) 

(166) (931 

(1741 (991 
2 (1%) 16 (17%) 

1 (1%) 

REPRODUCTIVE SYSTEM 

DILATATIONDUCTS 
GALACTOCELE 5 (6%) 
CYSTIC DUCTS 1 (1%) 
HEMORRHAGE 
INFLAMMATION, CHRONIC 

*MAMMARY GLAND (88, 

INFLAMMATION CRANULO- 

HYPERPLASIA, NOS 13 (15%) 
HYPERPLASIA, EPITHELIAL 1 ( 1 % )  

DILATATION/DUCTS 
CYST, NOS 
CYSTIC DUCTS 1 (1%) 
INFLAMMATION, SUPPURATIVE 
ABSCESS, NOS 
INFLAMMATION, ACUTE/ 

CHRONIC 
ABSCESS, CHRONIC 
HYPERPLASIA, EPITHELIAL 
ANGIECTASIS 

MATOUS FOCAL 

*PREPUTIAL GLAND (88) 

#PROSTATE (85) 
EDEMA, INTERSTITIAL 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 1 (1%) 
INFLAMMATION, ACUTE FOCAL 
ABSCESS, NOS 2 (2%) 
INFLAMMATIONl ACUTE/ 

INFLAMMATION, CHRONIC 4 (5%) 
ABSCESS, CHRONIC 

CHRONIC 10 (12%) 

INFLAMMATION, GRANULO- 
MATOUS 

INFLAMMATION GRANULO- 
MATOUS FOCAL 

HYPERPLASIA, NOS 
HYPERPLASIA, EPITHELIAL 1 (1%) 
HYPERPLASIA, FOCAL 1 (1%) 

(125) 

5 (4%) 
1 (1%) 
1 (1%) 
1 (1%) 

2 (2%) 

(125) 

3 (2%) 

(125) 
1 (1%) 
1 (1%) 
2 (2%) 

1 (1%) 

14 (11%) 
4 (3%) 

1 (1%) 

(250) 
2 (1%) 

11 (4%) 

1 (0%) 
1 (0%) 

7 (3%) 

(250) 
3 (1%) 

1 (0%) 
2 (1%) 

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

(249) 

31 (12%) 
1 (0%) 
1 (0%) 
2 (1%) 

52 (21%) 
1 (0%) 

1 (0%) 
2 (1%) 

21 (8%) 
8 (3%) 

(175) (100) 
1 (1%) 

6 (3%) 3 (3%) 

1 (1%) 
1 (1%) 

(175) (100) 

1 (1%) 
2 (2%) 

1 (1%) 

1 (1%) 

(174) 199) 

1 (1%) 2 (2%) 

1 (1%) 

41 (24%) 41 (41%) 
1 (1%) 
2 (2%) 

4 (2%) 

6 (3%) 3 (3%) 
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TABLE D1. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE RATS I N T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH IR/PW 

REPRODUCTIVE SYSTEM (Continued) 
*SEMINAL VESICLE (88) 

INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 1 (1%) 
INFLAMMATION, ACUTE/ 

CHRONIC 2 ( 2 % )  
HYPERPLASIA, NOS 
HYPERPLASIA, EPITHELIAL 5 (6%) 
HYPERPLASIA, FOCAL 

INFLAMMATION, ACUTE/ 
CHRONIC 1 (1%) 

INFLAMMATION, CHRONIC 1 (1%) 
HYPERPLASIA, EPITHELIAL 2 (2%) 

MINERALIZATION 4 (5%) 
STEATITIS 
GRANULOMA, SPERMATIC 
DEGENERATION, NOS 9 (11%) 
HYPERPLASIA, INTERSTITIAL 

DEGENERATION, NOS 2 (2%) 

STEATITIS 4 (5%) 
INFLAMMATION, ACUTE/ 

INFLAMMATION, CHRONIC 
GRANULOMA, SPERMATIC 
FIBROSIS 1 (1%) 
NECROSIS, FAT 3 (3%) 

*COAGULATING GLAND (88) 

#TESTIS (84) 

CELL 
XTESTIWWBULE (84) 

*EPIDIDYMIS (88) 

CHRONIC 

(125) 
1 (1%) 

1 (1%) 

1 (1%) 
(125) 

(125) 

1 (1%) 
1 1  (9%) 

8 (6%) 
(125) 

(125) 
2 (2%) 

1 (1%) 

(250) 
3 (1%) 

1 (0%) 
2 (1%) 

(250) 

1 (0%) 

(250) 
13 (5%) 

15 (6%) 

6 (2%) 

3 (1%) 

6 (2%) 

(250) 

(250) 

8 (3%) 

(175) 

(1 75) 

(175) 
3 (2%) 
1 (1%) 

3 (2%) 

12 (7%) 
(175) 

(175) 
5 (3%) 

3 (2%) 

1 (1%) 

1 (1%) 

(100) 

(100) 

1 (1%) 
5 (5%) 

4 (4%) 
(100) 

(100) 
3 (3%) 

1 (1%) 
1 (1%) 

2 (2%) 

NERVOUS SYSTEM 
#BRAINMENINGES (85) 

INFLAMMATION, SUPPURATIVE 
#CEREBRAL VENTRICLE (85) 

DILATATION, NOS 
#BRAIN (85) 

HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
GLIOSIS 

#MEDULLA OBLONGATA (85) 
ABSCESS, NOS 

(125) (250) (175) (100) 

(125) ( 250 ) (175) (100) 

(125) (250) (175) (100) 

1 (1%) 

2 (1%) 1 (1%) 

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

1 (0%) 1 (1%) 
(125) (250) (175) (100) 

1 (1%) 

SPECIAL SENSE ORGANS 
*EYE (88) (125) (250) 

HEMORRHAGE 2 (2%) 2 (2%) 4 (2%) 
INFLAMMATION, SUPPURATIVE 5 (2%) 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE 

SUPPURATIVE 1 (1%) 
INFLAMMATION, CHRONIC 1 (1%) 2 (1%) 
CATARACT 19 (22%) 27 (22%) 71 (28%) 

INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE 

*EYE/CORNEA (88) (125) (250) 

SUPPURATIVE 1 (1%) 

Chrysotile Asbestos, NTP TR 295 300 

(175) (100) 
1 (1%) 1 (1%) 
1 (1%) 

1 (1%) 

3 (3%) 
20 (11%) 24 (24%) 

(175) (100) 
2 (2%) 



TABLE D1. SUMMARY O F  T H E  INCIDENCE OF NONNEOPLASTIC LESIONS I N  MALE RATS IN  T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

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

SPECIAL SENSE ORGANS (Continued) 
*EY E/RETINA (88) 

*HARDERIAN GLAND (88) 
DEGENERATION, NOS 19 (22%) 

INFLAMMATION GRANULO- 
MATOUS FOCAL 

*EAR (88) 
INFLAMMATION, ACUTE/ 

HYPERPLASIA, EPITHELIAL 

DILATATION/DUCTS 
CYSTIC DUCTS 2 (2%) 
INFLAMMATION, ACUTE 
ABSCESS, NOS 
INFLAMMATION, ACUTE/CHRONIC 
ABSCESS, CHRONIC 
INFLAMMATION, GRANULOMATOUS 
HYPERPLASIA, EPITHELIAL 
HYPERKERATOSIS 

CHRONIC 

*ZYMBAL GLAND (88) 

(125) 

(125) 
28 (22%) 

(125) 

1 (1%) 
(125) 

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

1 (1%) 

(250) 

(250) 
68 (27%) 

1 (0%) 
(250) 

1 (0%) 

1 (0%) 
(250) 

2 (1%) 

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

(175) (100) 

(175) (100) 
24 (24%) 21 (12%) 

(175) (100) 

1 (1%) 

(175) (100) 
3 (2%) 
1 (1%) 
1 (1%) 
1 (1%) 

1 (1%) 

MUSCULOSKELETAL SYSTEM 
*SKULL (88) 

*MANDIBLE (88) 
HYPEROSTOSIS 

ABSCESS, CHRONIC 
PERIODONTAL CYST 

HYPEROSTOSIS 
HYPERPLASIA, NOS 

*STERNUM (88) 

(125) ( 250 (175) (100) 

(125) (250) (175) (100) 
1 (1%) 5 (2%) 1 ;1%) 2 (2%) 

1 (0%) 
1 (1%) 

(125) ( 250 ) (175) (100) 
1 (0%) 

1 (1%) 

BODY CAVITIES 
*THORACIC CAVITY (88) (125) (250) (1751 (100) 

*MEDIASTINUM (88) (125) ( 250 1 (175) (100) 

*ABDOMINAL CAVITY (88) (125) (250) (175) (100) 

ABSCESS, CHRONIC 1 (1%) 

INFLAMMATION, SUPPURATIVE 2 (2%) 1 (1%) 
INFLAMMATION, ACUTE 1 (1%) 

STEATITIS 2 (1%) 1 ( 1 % )  
NECROSIS, FAT 2 (1%) 1 (1%) 

INFLAMMATION, CHRONIC 1 (0%) 

INFLAMMATION, SUPPURATIVE 2 (2%) 
FIBROSIS 1 (1%) 

INFLAMMATION, FIBRINOUS 1 (1%) 
INFLAMMATION, ACUTE 2 (2%) 

HEMORRHAGE 1 (1%) 
INFLAMMATION, CHRONIC 2 (2%) 1 (1%) 

FOCAL 1 (1%) 
NECROSIS, FAT 1 (1%) 1 (1%) 

*ABDOMINAL WALL (88 )  (125) (250)  (175) (100) 

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

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

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

INFLAMMATION, CHRONIC 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
LIFETIME FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

~ 

CONTROL 
IRlPW (UNTR) DMH IR IR t DMH 

ALL OTHERSYSTEMS 
*MULTIPLE ORGANS (88) (125) 

MINERALIZATION 
CONGESTION, NOS 
HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 1 (1%) 
INFLAMMATION, ACUTE/ 

INFLAMMATION, CHRONIC 1 (1%) 4 (3%J 
CHRONIC 

FIBROSIS 1 (1%) 
PIGMENTATION, NOS 1 (1%) 
HYPERPLASIA, NOS 1 (1%) 

HERNIA, NOS 
INFLAMMATION, CHRONIC 1 
ADHESION, NOS 

INFLAMMATION, CHRONIC 

DIAPHRAGM 

FOOT 

ADIPOSE TISSUE 
CONGESTION, NOS 1 

INFLAMMATION, CHRONIC 1 
INFLAMMATION, GRANULO- 

FIBROSIS 1 

HEMORRHAGE 

MATOUS 

2 '  

1 

(250) (175) 
2 (1%) 1 (1%) 
2 (1%) 1 (1%) 
1 (0%) 
3 (1%) 

1 (0%) 
1 (0%) 

1 (0%) 

1 
1 

1 

5 

2 

(100) 
3 (3%) 

1 (1%) 

1 (1%) 

4 
1 
1 

1 

SPECIAL MORPHOLOGY SUMMARY 
NECROPSY PERFNO HISTO 

PERFORMED 3 

# NUMBEROF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
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TABLE D2. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE RATS I N  T H E  
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS 

~~ 

CONTROL 
(UNTR) DMH I R  I R  t DMH IRlPW 

ANIMALS INITIALLY IN STUDY 88 125 250 175 100 
ANIMALS NECROPSIED 88 125 250 175 100 
ANIMALS EXAMINED HISTOPATHO- 

LOGICALLY 87 125 250 175 100 

INTEGUMENTARY SYSTEM 
*SKIN (88) (125) (250) (175) (100) 

CYST, NOS 1 (1%) 
INFLAMMATION, CHRONIC 1 (0%) 
HYPERKERATOSIS 2 (2%) 

ABSCESS, CHRONIC 1 (0%) 1 (1%) 
*SUBCUT TISSUE (88) (125) (250) (175) (100) 

RESPIRATORY SYSTEM 

BRONCHIECTASIS 
EDEMA, NOS 

MINERALIZATION 
BRONCHIECTASIS 
CYST, NOS 
CONGESTION, NOS 4 (5%) 
HEMORRHAGE 1 (1%) 
INFLAMMATION, INTERSTITIAL 3 (3%) 
PNEUMONIA, ASPIRATION 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE FOCAL 1 (1%) 
ABSCESS, NOS 
INFLAMMATION, ACUTE/CHRONIC 1 (1%) 
INFLAMMATION, CHRONIC 16 (18%) 
INFLAMMATION, GRANULOMATOUS 
FIBROSIS 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, ALVEOLAR 

#LUNG/BRONCHUS (871 

#LUNG (871 

EPITHELIUM 1 (1%) 
#LUNG/ALVEOLI (87) 

HISTIOCYTOSIS 

(1251 (250) 

1 (0%) 
(250) 

(175) (99) 
1 (1%) 

(175) (99) 
1 (1%) 
1 (1%) 
1 (1%) 

1 (1%) 
1 (1%) 

2 (1%) 1 (1%) 
3 (3%) 
4 (4%) 

(1251 

6 (5%) 

3 (2%) 

3 (1%) 

5 (2%) 

1 (1%) 

17 (10%) 14 (14%) 
1 (1%) 1 (1%) 
1 (1%) 

5 (4%) 
33 (26%) 29 (12%) 

1 (1%) 

2 (2%) 

1 (1%) 
(125) 

6 (2%) 

3 (1%) 
(250) 

3 (2%) 2 (2%) 

1 (1%) 1 (1%) 
(175) (991 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, LYMPHOID 

ATROPHY, NOS 

HEMORRHAGE 
FIBROSIS 

#BONE MARROW 

#SPLEEN 

(88) (125) (250) 
1 (0%) 
1 (0%) 

(248) 

(175) (1001 

(87) (125) (174) 

(175) 
1 (1%) 

4 (2%) 
1 (1%) 

(98) 

(99) 

2 (2%) 

2 (2%) 

(87) (125) 
1 (1%) 
6 (5%) 
2 (2%) 
3 (2%) 

(249) 

4 (2%) 

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

121 (49%) 
24 (10%) 

(249) 
1 (0%) 

2 (2%) 
1 (1%) FIBROSIS, FOCAL 

INFARCT, NOS 
INFARCT, ACUTE 
PIGMENTATION, NOS 
HEMOSIDEROSIS 
HEMATOPOIESIS 
MYELOPOIESIS 

#SPLENIC CAPSULE 
INFLAMMATION, CHRONIC 
FIBROSIS 

34 (39%) 
4 (5%) 

(87) 

19 (15%) 
5 (4%) 
1 (1%) 

(1 25) 

17 (10%) 
20 (11%) 

35 (35%) 
13 (13%) 

(175) (99) 

2 (2%) 
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TABLE D2. SUMMARY O F  T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE R A T S  I N  T H E  
LIFETIME F E E D  STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH IRlPW 

HEMATOPOIETIC SYSTEM (Continued) 
#MANDIBULAR L. NODE (87) 

CONGESTION, NOS 1 (1%) 
HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, CHRONIC 
PIGMENTATION, NOS 3 (3%) 
HYPERPLASIA, PLASMA CELL 16 (18%) 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 

#CERVICAL LYMPH NODE (87) 
CONGESTION, NOS 
HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
PIGMENTATION, NOS 
HYPERPLASIA, PLASMA CELL 1 (1%) 

#THORACIC LYMPH NODE (87) 

#MEDIASTINAL L. NODE (87) 
CONGESTION, NOS 

MINERALIZATION 
CONGESTION, NOS 
HEMORRHAGE 10 (11%) 
INFLAMMATION, SUPPURATIVE 
PIGMENTATION, NOS 22 (25%) 
HYPERPLASIA, PLASMA CELL 2 (2%) 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 1 (1%) 

INFLAMMATION, SUPPURATIVE 
FIBROSIS 
PIGMENTATION, NOS 

HEMORRHAGE 
PIGMENTATION, NOS 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 

#CELIAC LYMPH NODE (87) 

#PANCREATIC LYMPH NODE (87) 

#MESENTERIC LYMPH NODE (87) 

(125) 
1 (1%) 
3 (2%) 

1 (1%) 
20 (16%) 

1 (1%) 
(125) 

1 (1%) 

1 (1%) 
(125) 

(125) 

2 (2%) 
5 (4%) 

27 (22%) 
3 (2%) 

(125) 

(125) 

1 (1%) 
1 (1%) 

(125) 
HEMORRHAGE 
INFLAMMATION, SUPPURATIVE 
NECROSIS, NOS 
PIGMENTATION, NOS 10 (11%) 1 (1%) 
HYPERPLASIA, PLASMA CELL 1 (1%) 
HYPERPLASIA, RETICULUM CELL 1 (1%) 
HYPERPLASIA, LYMPHOID 

HEMORRHAGE 

HYPERPLASIA, LYMPHOID 

#ILEOCOLIC LYMPH NODE (87) (125) 

INFLAMMATION, SUPPURATIVE 1 (1%) 

#RENAL LYMPH NODE (87) (125) 
PIGMENTATION, NOS 
HYPERPLASIA, RETICULUM CELL 

HYPERPLASIA, PLASMA CELL 

HYPERPLASIA, PLASMA CELL 

MYELOFIBROSIS 
HYPERPLASIA, HEMATOPOIETIC 

LEUKOCYTOSIS, NOS 
LEUKOCYTOSIS, NEUTROPHILIC 

#ILIAC LYMPH NODE 

#AXILLARY LYMPH NODE 

*STERNUM 

#LUNG 

Chrysotile Asbestos, NTP TR 295 

1 (1%) 

1 (1%) 
(87) (125) 

(87) (125) 

(88) (125) 
1 (1%) 
1 (1%) 

2 (2%) 
(87) (125) 

304 

(250) 
1 (0%) 
2 (1%) 
2 (1%) 

7 (3%) 
73 (29%) 

2 (1%) 
3 (1%) 

1 (0%) 
1 (0%) 
1 (0%) 
1 (0%) 
5 (2%) 

1 (0%) 

(250) 

(250) 

(250) 

2 (1%) 
17 (7%) 

91 (36%) 
1 (0%) 
1 (0%) 
1 (0%) 

(250) 

1 (0%) 
1 (0%) 

2 (1%) 
19 (8%) 

4 (2%) 

(250) 

(250) 
4 (2%) 
1 (0%) 

40 (16%) 
2 (1%) 
6 (2%) 

(250) 

1 (0%) 
1 (0%) 

1 (0%) 
1 (0%) 

(250) 

(250) 

(250) 

( 250 ) 
1 (0%) 

4 (2%) 

(250) 

(175) (99) 
2 (1%) 1 (1%) 
5 (3%) 1 (1%) 

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

14 (8%) 27 (27%) 

1 (1%) 
(175) (99) 

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

(175) (99) 

(175) (99) 
1 (1%) 
4 (2%) 4 (4%) 

14 (8%) 18 (18%) 
1 (1%) 

47 (27%) 39 (39%) 
4 (4%) 

2 (2%) 
3 (2%) 

(175) (99) 
1 (1%) 

(175) (99) 
1 (1%) 

10 (6%) 5 (5%) 
1 (1%) 
1 (1%) 
1 (1%) 

1 (1%) 3 (3%) 

1 (1%) 
5 (3%) 4 (4%) 

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

1 (1%) 

(175) (99) 

(175) (99) 

(175) (99) 
1 (1%) 

(175) (99) 

(175) (99) 

(175) (100) 
1 (1%) 

(175) (99) 

1 (1%) 



TABLE D2. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS I N  F E M A L E  R A T S  I N  THE 
LIFETIME F E E D  STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH IR IR t D M H  IWPW 

~~ ~~~~ ~ ~ ~ ~ ~~~~ 

HEMATOPOIETIC SYSTEM (Continued) 
#ALVEOLAR WALL (87)  (125) 

#LIVER (87) (125) 
LEUKOCYTOSIS, NOS 

LEUKOCYTOSIS, NOS 
LEUKOCYTOSIS, NEUTROPHILIC 
HEMATOPOIESIS 1 (1%) 

LEUKOCYTOSIS, NOS 

HYPERPLASIA, LYMPHOID 

HEMATOPOIESIS 

CYST, NOS 
CONGESTION, NOS 
EDEMA, NOS 
NECROSIS, NOS 

#HEPATIC SINUSOID (87) (125) 

#PEYERS PATCH (87) (125) 

#ADRENAL (87) (124) 

#THYMUS (70) (106) 

~~ 

(250) 

(250) 
2 (1%) 

1 (0%) 

2 (1%) 

3 (1%) 

1 (0%) 

(250) 

( 249 ) 

(249) 

(199) 
1 (1%) 

1 (1%) 

~~~ 

(175) 

(175) 

1 (1%) 

1 (1%) 
(175) 

(175) 

(175) 

(146) 

1 (1%) 

CIRCULATORY SYSTEM 
#SPLEEN 

THROMBUS, FIBRIN 
#MANDIBULAR LYMPH NODE 

LYMPHANGIECTASIS 
#CERVICAL LYMPH NODE 

LYMPHANGIECTASIS 
#MEDIASTINAL LYMPH NODE 

LYMPHANGIECTASIS 
#CELIAC LYMPH NODE 

LYMPHANGIECTASIS 
#MESENTERIC LYMPH NODE 

LYMPHANGIECTASIS 
#ILEOCOLIC LYMPH NODE 

LYMPHANGIECTASIS 
#LUNG 

THROMBUS, FIBRIN 
#HEART 

#HEART/ATRIUM 
INFLAMMATION, CHRONIC 

THROMBUS, ORGANIZED 
#HEARTNENTRICLE 

FIBROSIS 
#MYOCARDIUM 

INFLAMMATION, CHRONIC 
FIBROSIS 

*CORONARY ARTERY 
MINERALIZATION 

#LIVER 
THROMBUS, ORGANIZED 
THROMBUS, FIBRIN 
PERIARTERITIS 

THROMBUS, FIBRIN 

THROMBUS, FIBRIN 

THROMBUS, ORGANIZED 

#KIDNEY 

#UTERUS 

#ADRENAL 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

(125) 

3 (2%) 

1 (1%) 

1 (1%) 

1 (1%) 

1 (1%) 
15 (12%) 

(125) 

(125) 

1 (1%) 
(125) 

(125) 

(124) 

(249) 

(250) 

(250) 

(250) 

(250) 

(250) 

(250) 

(250) 

(250) 

(250) 

(250) 

(250) 

5 (2%) 

1 (0%) 

2 (1%) 

4 (2%) 

4 (2%) 

1 (0%) 

1 (0%) 

10 (4%) 
84 (34%) 

(250) 

(260) 
1 (0%) 

(250) 

(249) 

(249) 

1 (0%) 

1 (0%) 

1 (0%) 

(175) 

(175) 

(175) 

(175) 

(175) 

(175) 

(175) 

(175) 

(175) 

(175) 

(175) 

(175) 

1 (1%) 

5 (3%) 

1 (1%) 

1 (1%) 

4 (2%) 

2 (1%) 
9 (5%) 

(175) 

(175) 

(175) 

(175) 

(175) 

(99) 

(99) 

(99) 

(99) 

(99) 

(99) 

(99) 

(99) 

(99) 

(99) 

(99) 

(99) 

3 (3%) 

5 (5%) 

1 (1%) 

1 (1%) 

2 (2%) 
32 132%) 

2 (2%) 

1 (1%) 
1 (1%) 

(100) 

(99) 

(99) 

(99) 

(99) 
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TABLE D2. SUMMARY OF T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS I N  FEMALE R A T S  I N  THE 
LIFETIME FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH I W P W  

DIGESTIVE SYSTEM 
*MOUTH (88) 

*MOUTH/ORAL CAVITY (88) 

#SALIVARY GLAND (87) 

ABSCESS, NOS 

INFLAMMATION, SUPPURATIVE 

MINERALIZATION 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 
INFLAMMATION, CHRONIC 
ABSCESS, CHRONIC 
HYPERPLASIA, EPITHELIAL 

HERNIA, NOS 
CYST, NOS 1 (1%) 

#LIVER (87) 

HEMORRHAGE 1 (1%) 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 1 (1%) 
INFLAMMATION, ACUTE/CHRONIC 1 (1%) 
INFLAMMATION, CHRONIC 3 (3%) 
INFLAMMATION, GRANULOMATOUS 5 (6%) 
FIBROSIS, FOCAL 
HEPATITIS, TOXIC 15 (17%) 
DEGENERATION, CYSTIC 
NECROSIS, NOS 
NECROSIS, COAGULATIVE 2 (2%) 
METAMORPHOSIS, FATTY 18 (21%) 
PIGMENTATION, NOS 
FOCAL CELLULAR CHANGE 42 (48%) 
HEPATOCY TOMEGALY 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 
ANGIECTASIS 4 (5%) 

INFLAMMATION, SUPPURATIVE 

FIBROSIS 

CYST, NOS 
HYPERPLASIA, NOS 

INFLAMMATION, CHRONIC 
ATROPHY, NOS 6 (7%) 

HYPERKERATOSIS 

CYST, NOS 1 (1%) 
ULCER, NOS 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE 
ULCER, ACUTE 4 (5%) 
INFLAMMATION, ACUTE/CHRONIC 5 (6%) 
INFLAMMATION, CHRONIC 4 (5%) 
ULCER, CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
ULCER, PERFORATED 3 (3%) 
NECROSIS, NOS 
NECROSIS, FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, ADENOMATOUS 
HYPERKERATOSIS 2 ( 2 % )  
ACANTHOSIS 7 (8%) 

#HEPATIC CAPSULE (87) 

#LIVER/PERIPORTAL (87) 

#BILE DUCT (87) 

#PANCREAS (87) 

#ESOPHAGUS (86) 

#STOMACH (87) 

(125) 

(125) 

(122) 

1 (1%) 

(125) 

1 (1%) 

4 (3%) 
14 (11%) 
1 (1%) 

47 (38%) 
2 (2%) 

8 (6%) 
13 (10%) 
1 (1%) 

57 (46%) 

7 (6%) 
11 (9%) 
4 (3%) 

(125) 

(125) 

(125) 

(124) 

(121) 

(124) 
1 (1%) 

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

1 (1%) 

3 (2%) 
2 (2%) 

(250) 

(250) 

(248) 

1 (0%) 

1 (0%) 

1 (0%) 

2 (1%) 
1 (0%) 

(250) 

1 (0%) 

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

31 (12%) 

38 (15%) 

1 (0%) 
14 (6%) 
48 (19%) 
12 (5%) 

106 (42%) 

6 (2%) 

6 (2%) 

1 (0%) 

4 (2%) 

(250) 

(250) 

(250) 

19 (8%) 
(249) 

15 (6%) 
(250) 

(250) 
1 (0%) 
1 (0%) 
4 (2%) 
4 (2%) 

12 (5%) 
23 (9%) 
1 (0%) 
6 (2%) 
1 (0%) 
7 (3%) 

2 (1%) 
1 (0%) 
1 (0%) 
4 (2%) 

20 (8%) 

(175) 

(175) 

(173) 
1 (1%) 

1 (1%) 

1 (1%) 

(175) 

14 (8%) 
1 (1%) 

10 (6%) 
8 (5%) 

58 (33%) 
5 (3%) 
1 (1%) 
5 (3%) 

15 (9%) 
5 (3%) 

79 (45%) 
1 (1%) 

14 (8%) 

12 (7%) 
(175) 

(1751 

(175) 
1 (1%) 

1 (1%) 
12 (7%) 

2 (1%) 
3 (2%) 

(175) 

(173) 

(174) 

2 (1%) 
7 (4%) 
6 (3%) 
4 (2%) 
3 (2%) 

1 (1%) 
1 (1%) 

2 (1%) 
7 (4%) 

(100) 

(100) 

(99) 

2 (2%) 

1 (1%) 

1 (1%) 
(99) 

2 (2%) 

4 (4%) 
12 (12%) 

15 (15%) 
2 (2%) 

5 (5%) 
22 (22%) 
3 (3%) 

59 (60%) 

5 (5%) 
(99) 

(99) 

(99) 
2 (2%) 

4 (4%) 
(99) 

(99) 

(99) 

6 (6%) 

2 (2%) 

1 (1%) 

1 (1%) 
4 (4%) 
9 (9%) 

2 (2%) 

1 (1%) 

1 (1%) 

5 (5%) 
10 (10%) 
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TABLE D2. SUMMARY O F  T H E  INCIDENCE OF NONNEOPLASTIC LESIONS I N  FEMALE RATS IN  T H E  
LIFETIME F E E D  STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

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

DIGESTIVE SYSTEM (Continued) 
#GASTRIC MUCOSA (87) 

DILATATION, NOS 
NECROSIS, NOS 

EDEMA, NOS 2 (2%) 
#GASTRIC SUBMUCOSA (87) 

EDEMA, INTERSTITIAL 

INFLAMMATION, ACUTE 
ULCER, ACUTE 

#SMALL INTESTINAL SUBMUCOSA (87) 
EDEMA, NOS 

#PEYERS PATCH (87) 
ULCER, ACUTE 
INFLAMMATION, ACUTE/CHRONIC 
HYPERPLASIA, NOS 
HYPERPLASIA. EPITHELIAL 

#SMALL INTESTINE (87) 

(124) (2501 
1 (0%)  
1 (0%)  

13 (5%) 
1 (0%) 

1 (0%) 
1 (0%) 

1 (0%) 

(2501 

(249) 

(249) 

(249) 

(174) (99) 

(124) 
2 (2%) 

(174) 
5 (3%) 

(99) 
2 (2%) 

(991 (125) (1751 

(1251 

(125) 

(991 

(99) 
1 (1%) 
1 (1%) 
1 (1%) 
1 (1%) 

(99) #COLON (87) 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC 
ULCER. CHRONIC 

#COLON (87) 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC 
ULCER. CHRONIC 

(1251 (250) (175) 
1 (1%) 
1 (1%) 
1 (1%) 
5 (3%) 

(175) 

1 (1%) 

6 (2%) 

1 (0%)  

1 (0%) 

(2501 

(250) 

(250) 

1 (0%) 

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

1 (0%) 
(250) 

(250) 

1 (1%) 
(99) 

PARASITISM 

FIBROSIS, FOCAL 

INFLAMMATION, CHRONIC 

#COLONIC SUBMUCOSA (87) 

#COLONIC SEROSA (87) 

#CECUM (87) 

9 (7%) 
(125) 

(125) (175) 

(175) (125) 
1 (1%) ULCER, NOS 

INFLAMMATION. SUPPURATIVE 
INFLAMMATION; ACUTE 
ULCER, ACUTE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTECHRONIC 
INFLAMMATION, CHRONIC 
PARASITISM 

PARASITISM 

DIVERTICULUM 
INFLAMMATION, CHRONIC 
PARASITISM 
ANGIECTASIS 

#ASCENDING COLON (87) 

#TRANSVERSE COLON (87) 

1 (1%) 

1 (1%) 
2 (2%) 

1 (1%) 

1 (1%) 

1 (1%) 

1 (1%) 
1 (1%) 

(175) 

(175) 

(125) 

(125) 

(99) 

(991 

1 (1%) 

(125) 

2 (2%) 
(125) 

1 (0%) 

1 (0%) 
(250) 

(250) 

(175) 

1 (1%) 
(175) 

(99) #DESCENDING COLON (87) 
DIVERTICULUM 
PARASITISM 

EPIDERMAL INCLUSION CYST 1 (1%) 
*ANUS (88) (100) 

URINARY SYSTEM 
#KIDNEY (87) 

MINERALIZATION 61 (70%) 
CAST, NOS 57 (66%) 
HYDRONEPHROSIS 

(99) 
77 (78%) 
65 (66%) 
2 (2%) 
2 (2%) 

(125) 
97 (78%) 
51 (41%) 
2 (2%) 
1 (1%) 
1 (1%) 

25 (20%) 

(250) 
194 (78%) 
161 (64%) 

4 (2%) 

(175) 
114 (65%) 
83 (47%) 

1 (1%) 

1 (1%) 
17 (10%) 
2 (1%) 
1 (1%) 

CYST, NOS 1 (1%) 
INFLAMMATION, SUPPURATIVE 
PYELONEPHRITIS, ACUTE 
INFLAMMATION, CHRONIC 52 (60%) 
INFLAMMATION, CHRONIC FOCAL 
NEPHROSIS, NOS 

111 (44%) 36 (36%) 
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TABLE D2. SUMMARY O F  T H E  INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE RATS IN  T H E  
LIFETIME F E E D  STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) DMH I R  I R  t DMH IR/PW 

URINARY SYSTEM 
#KIDNEY (Continued) (87) 

INFARCT, NOS 
INFARCT, ACUTE 1 (1%) 
PIGMENTATION, NOS 30 (34%) 
CYTOMEGALY 
HYPERPLASIA, TUBULAR CELL 

(1251 ( 250 ) 
1 (0%) 

(175) (99 ) 

13 (10%) 104 (42%) 18 (10%) 11 (11%) 
1 (1%) 
2 (1%) 

(175) (98) 
1 (1%) 

1 (1%) 
1 (1%) 

1 (1%) 1 (1%) 

ANGIECTASIS 
#URINARY BLADDER (85) 

HEMORRHAGE 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, GRANULOMATOUS 
CRYSTALS, NOS 
HYPERPLASIA, EPITHELIAL 

1 (0%) 

1 (0%) 
(125) (247) 

4 (2%) 
1 (0%) 
5 (2%) 

ENDOCRINE SYSTEM 
#PITUITARY (87) 

CYST, NOS 
CONGESTION, NOS 
EDEMA, NOS 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC 
PIGMENTATION, NOS 
HYPERTROPHY, NOS 
HYPERTROPHY, FOCAL 3 (3%) 
HYPERPLASIA, FOCAL 1 (1%) 
ANGIECTASIS 7 (8%) 

CONGESTION, NOS 1 (1%) 
HEMORRHAGE 
DEGENERATION, NOS 1 (1%) 
DEGENERATION, CYSTIC 
DEGENERATION, LIPOID 
PIGMENTATION, NOS 
ATROPHY, NOS 
HYPERTROPHY, FOCAL 
ANGIECTASIS 

INFLAMMATION, CHRONIC 

DEGENERATION, NOS 
DEGENERATION, CYSTIC 
NECROSIS, NOS 
METAMORPHOSIS, FATTY 25 (29%) 
HYPERTROPHY, NOS 
HYPERTROPHY, FOCAL 6 (7%) 
HYPERPLASIA, FOCAL 
ANGIECTASIS 1 (1%) 

METAMORPHOSIS, FATTY 
HYPERPLASIA, NOS 1 (1%) 
HYPERPLASIA, FOCAL 3 (3%) 

CYST, NOS 
CYSTIC FOLLICLES 2 (2%) 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, NOS 
HYPERPLASIA, C-CELL 24 (28%) 
HYPERPLASIA, FOLLICULAR-CELL 

#ADRENAL (87) 

#ADRENALCAPSULE (87) 

#ADRENAL CORTEX (87) 

#ADRENAL MEDULLA (87) 

#THYROID (87) 

(124) 
6 (5%) 

1 (1%) 

(249) 
5 (2%) 

(173) 
6 (3%) 
1 (1%) 

(100) 
3 (3%) 

1 (0%) 
1 (0%) 
8 (3%) 

5 (2%) 
9 (4%) 

29 (12%) 

2 (1%) 
(249) 

1 (1%) 

2 (2%) 
2 (2%) 
9 (7%) 

(124) 

3 (2%) 

1 (1%) 
3 (2%) 

22 (13%) 

3 (2%) 
(175) 

1 (1%) 
2 (2%) 
2 (2%) 
8 (8%) 

1 (1%) 
1 (1%) 

3 (3%) 

(99) 

1 (0%) 
1 (1%) 

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

1 (0%) 

5 (2%) 
(249) 

3 (3%) 
(99) (124) 

(124) 

(175) 

(175) 
1 (1%) 

1 (1%) 
(249) 

4 (2%) 
2 (1%) 

79 (32%) 

4 (2%) 
7 (3%) 
4 (2%) 

(249) 

(99) 

18 (15%) 

4 (3%) 
2 (2%) 
2 (2%) 

2 (2%) 
(124) 

25 (14%) 

2 (1%) 
2 (1%) 

25 (25%) 
1 (1%) 

2 (2%) 

(175) (99) 

1 (0%) 
11 (4%) 

(248) 

13 (5%) 
1 (0%) 

53 (21%) 

1 (1%) 
7 (7%) 

(100) 

1 (1%) 

5 (4%) 
(124) 

5 (4%) 

3 (2%) 

1 (1%) 
6 (3%) 

(174) 

1 (1%) 
42 (34%) 31 (18%) 24 (24%) 

1 (1%) 
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TABLE D2. SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN T H E  
LIFETIME FEED STUDY O F  INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

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

~ ~~ ~ 

ENDOCRINE SYSTEM (Continued) 
#PARATHYROID (73) (119) (235) (164) (97) 

#PANCREATIC ISLETS (87 ) ( 124) (249) (175) (99) 
HYPERPLASIA, NOS 4 (5%) 10 (4%) 1 (1%) 8 (8%) 

HYPERPLASIA, NOS 1 (1%) 1 (0%) 1 (1%) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND (88) 

DILATATIONDUCTS 9 (10%) 
GALACTOCELE 22 (25%) 
CYST, NOS 
CYSTIC DUCTS 1 (1%) 
HYPERPLASIA, NOS 1 (1%) 

DILATATIONDUCTS 

DILATATIONDUCTS 1 (1%) 
INFLAMMATION, SUPPURATIVE 
ABSCESS, NOS 
INFLAMMATION, ACUTE/CHRONIC 
HYPERPLASIA, EPITHELIAL 
HYPERKERATOSIS 

*VAGINA (88) 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE/CHRONIC 
HYPERPLASIA, STROMAL 

HYDROMETRA 
CYST, NOS 1 (1%) 
STEATITIS 
INFLAMMATION, SUPPURATIVE 
PYOMETRA 
INFLAMMATION, ACUTE 3 (3%) 
INFLAMMATION, ACUTE/CHRONIC 
NECROSIS, FAT 
HEMOSIDEROSIS 

CYST, NOS 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTEKHRONIC 
INFLAMMATION, GRANULO- 

HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, STROMAL 

CYST, NOS 
HYPERPLASIA, NOS 1 (1%) 
HYPERPLASIA, CYSTIC 4 (5%) 

STEATITIS 

MINERALIZATION 

*PREPUTIAL GLAND (88) 

*CLITORAL GLAND (88) 

#UTERUS (87) 

#CERVIX UTERI (87) 

MATOUS 

bUTERUSIENDOMETRIUM (87) 

#OVARY/PAROVARIAN (87) 

#OVARY (87) 

CYST, NOS 
PAROVARIAN CYST 4 (5%) 
INFLAMMATION, SUPPURATIVE 

(125) (250) 
1 (1%) 

19 (15%) 91 (36%) 

4 (3%) 
(125) 

(125) 

1 (1%) 

1 (1%) 

(125) 

(125) 
2 (2%) 

1 (1%) 

1 (1%) 
1 (1%) 

(125) 

1 (1%) 

3 (2%) 

5 (4%) 
2 (2%) 
4 (3%) 

1 (1%) 

(125) 

(125) 

(125) 

1 (1%) 
2 (2%) 

1 (0%) 

5 (2%) 

1 (0%) 

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

1 (000) 

(250) 

( 250 ) 

(250) 

(249) 
8 (3%) 

1 (0%) 
I (0%) 

1 (0%) 

1 (0%) 
1 (0%) 

(249) 

1 (0%) 
3 (1%) 

5 (2%) 
2 (1%) 
4 (2%) 

(249) 

(249) 

(249) 
1 (0%) 

10 (4%) 
11 (4%) 
1 (0%) 

(175) 

20 (11%) 

7 (4%) 
(175) 

(175) 
1 (1%) 

(175) 
1 (1%) 

1 (1%) 

7 (4%) 
(175) 

1 (1%) 

1 (1%) 

(175) 
1 (1%) 

3 (2%) 

7 (4%) 
4 (2%) 
2 (1%) 

(175) 

(174) 

(174) 

2 (1%) 
10 (6%) 

1 (1%) 

(100)  
5 (5%) 

36 (36%) 

1 (1%) 
(100) 

(100) 
2 (2%) 

1 (1%) 

1 (1%) 
(100) 

1 ( 1 % )  

(99) 
4 (4%) 

1 (1%) 

1 (1%) 

(99) 

1 (1%) 

(99) 

(99) 

(99) 

4 (4%) 
4 (4%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
LIFETIME FEED STUDY OF INTERMEDLATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
I RIP W (UNTR) DMH IR IR + DMH 

NERVOUS SYSTEM 
#BRAINMENINGES (87) 

INFLAMMATION, ACUTEKHRONIC 
#CEREBRAL VENTRICLE (87) 

DILATATION, NOS 4 (5%) 
#BRAIN (87) 

HEMORRHAGE 

SPECIAL SENSE ORGANS 
*EYE (88) 

HEMORRHAGE 1 (1%) 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, CHRONIC 1 (1%) 
CATARACT 30 (34%) 

*EYERETINA (881 
DEGENERATION, NOS 30 (34%) 

*HARDERIAN GLAND (881 
INFLAMMATION, GRANULOMATOUS 
ATROPHY, NOS 

*EAR (88) 
CYST, NOS 

*ZYMBAL GLAND (88) 
DILATATIONDUCTS 1 (1%) 
INFLAMMATION, ACUTE 
ABSCESS, CHRONIC 
HYPERKERATOSIS 

(125) (2501 (1751 (100) 

(125) (2501 (175) t100) 

(125) (2501 (1751 (100) 

1 (0%)  

1 (1%) 9 (4%) 2 (1%) 10 (10%) 

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

(1251 
1 (1%) 
1 (1%) 

3 (2%) 

4 (3%) 
(125) 

(125) 

(125) 

(1251 
2 (2%) 
1 (1%) 

5 (4%) 

(2501 
1 (0%) 
1 (0%) 
4 (2%) 

73 (29%) 

72 (29%) 
(2501 

(2501 

1 (0%) 

1 (0%) 
(250) 

( 250 1 

(175) 

28 (16%) 

30 (17%) 

1 (1%) 

(175) 

(175) 

(1751 

(175) 
1 (1%) 

2 (1%) 
2 (1%) 

(100) 

26 (26%) 

27 (27%) 
(100) 

(100) 

(100) 

(100) 
2 (2%) 

2 (2%) 

MUSCULOSKELETAL SYSTEM 
*SKULL (88) 

*STERNUM (88) 
HYPEROSTOSIS 2 (2%) 

CHONDRODYSTROPHY 
OSTEOCHONDRODYSTROPHY 
HYPEROSTOSIS 2 (2%) 

CHONDRODYSTROPHY 

INFLAMMATION, CHRONIC FOCAL 1 (1%) 

*RIB (88) 

*SKELETAL MUSCLE (88) 

(125) (250) (1751 (1001 

(125) (250) (175) (100) 
1 (1%) 5 (2%) 2 (1%) 6 (6%) 

1 (0%) 
1 (1%) 

8 (6%) 20 (8%) 12 (7%) 6 (6%) 
(125) (2501 (175) (1001 

(125) (250) (175) (100) 
1 (0%) 

BODY CAVITIES 
*MEDIASTINUM (88) 

*ABDOMINAL CAVITY (88) 
INFLAMMATION, CHRONIC 

STEATITIS 1 (1%) 
NECROSIS, FAT 1 (1%) 

FIBROSIS, FOCAL 

INFLAMMATION, SUPPURATIVE 
INFLAMMATION, FIBRINOUS 

*MESENTERY (88) 
CONGESTION, NOS 
INFLAMMATION, ACUTEKHRONIC 
INFLAMMATION, CHRONIC 
NECROSIS, FAT 

*PLEURA (881 

*PERICARDIUM (88) 

(125) 

(125) 
1 (1%) 

(125) 

(125) 

(125) 

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

(250) 

(250) 
1 (0%) 

4 (2%) 
1 (0%) 

(250) 

(250) 
1 (0%) 
1 (0%) 

(250) 

(175) 

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

(175) 

(175) 

(175) 
1 (1%) 

2 (1%) 

(100) 

(100) 

(100) 

(100) 
1 (1%) 

(1001 

2 (2%) 
1 (1%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
LIFETIME FEED STUDY OF INTERMEDIATE-RANGE (IR) CHRYSOTILE ASBESTOS (Continued) 

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

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS (88) 

CONGESTION, NOS 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, CHRONIC 
PIGMENTATION, NOS 

HERNIA, NOS 3 

INFLAMMATION, CHRONIC 
NECROSIS, FAT 

BROAD LIGAMENT 
FIBROSIS 1 

DIAPHRAGM 

ADIPOSE TISSUE 

(125) (250) (175) (100) 
1 (1%) 

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

3 6 3 

1 3 
1 1 

SPECIAL MORPHOLOGY SUMMARY 
NECROPSY PERFMO HISTO PERFORMED 1 
AUTO/NECROPSY/HISTO PERF 1 1 

# NUMBER O F  ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER O F  ANIMALS NECROPSIED 
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APPENDIX E 

ANALYSES OF PRIMARY TUMORS IN RATS IN THE 

LIFETIME FEED STUDIES OF SHORT-RANGE AND 

INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS AND 

INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

PLUS 1,2=DIMETHYLHYDRAZINE DIHYDROCHLORIDE 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY OF 
SHORT-RANGE CHRYSOTILE ASBESTOS 

CONTROL (UNTR) SHORT RANGE (a) 

Skin: Keratoacanthoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Subcutaneous Tissue: Fibroma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

5/88 (6%) 
23.1% 
3/15 (20%) 

13/88 (15%) 
37.9% 
2/15 (13%) 

Subcutaneous Tissue: Fibroma or  Fibrosarcoma 
Overall Rates (b) 16/88 (18%) 

Terminal Rates (d) 2/15 (13%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Adjusted Rates (c) 43.3% 

Integumentary System: Basal Cell Tumor or Carcinoma 
Overall Rates (b) 3/88 (3%) 
Adjusted Rates (c) 7.0% 
Terminal Rates (d) 0115 (0%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Hematopoietic System: Leukemia 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Liver: Neoplastic Nodule 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

37/88 (42%) 
71.8% 
6/15 (40%) 

12/88 (14%) 
39.7% 
4/15 (27%) 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (b) 15/88 (17%) 
Adjusted Rates (c) 47.9% 
Terminal Rates (d) 4/15 (27%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pancreas: Acinar Cell Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 
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7/86 (8%) 
22.7% 
1/15 (7%) 
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14/250 (6%) 
16.8% 
0/38 (0%) 
P = 0.592N 
P = 0.602 
P = 0.580N 

25/250 (10%) 
26.8% 
4/38 (11%) 
P= 0.185N 
P=0.133N 
P= 0.154N 

30/250 (12%) 
30.0% 
4/38 (11%) 
P=0.138N 
P= 0.081N 
P = 0.104N 

16/250 (6%) 
22.3% 
4/38 (11%) 
P = 0.227 
P=0.232 
P = 0.223 

109/250 (44%) 
78.7% 
19/38 (50%) 
P=0.401 
P=0.544N 
P = 0.450 

17/248 (7%) 
21.1% 
3/38 (8%) 
P=O.O56N 
P=0.031N 
P=0.046N 

19n48 (8%) 
23.8% 
4/38 (11%) 
P=0.018N 
P = 0.007N 
P=0.013N 

14/247 (6%) 
19.6% 
4/38 (11%) 
P=0.362N 
P=0.258N 
P=0.282N 



TABLE El. ANALYSIS OF PRIMARY TUMORS I N  MALE RATS IN THE LIFETIME FEED STUDY 
OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

~~~ ~ 

CONTROL (UNTR) SHORT RANGE (a) 

Pituitary: Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Adrenal: Pheochromocytoma 
Overall Ra ta  (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pituitary: Adenoma or Carcinoma 

20/87 (23%) 
54.3% 
4/15 (27%) 

21/87 (24%) 
58.4% 
5/15 (33%) 

25/88 (28%) 
67.1% 
6/15 (40%) 

Adrenal! Pheochromocytoma or Pheochromocytoma, Malignant 
Overall Rates (b) 26/88 (30%) 
Adjusted Rates (c) 67.8% 
Terminal Rates (d) 6/15 (40%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid Follicular Cell Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

4/86 (5%) 
13.5% 
1/15 (7%) 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (b) 6/86 (7%) 
Adjusted Rates (c) 16.6% 
Terminal Rates (d) 1/15 (7%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid C-Cell Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid: C-cell Carcinoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

13/86 (15%) 
35.8% 
2/15(13%) 

11/86(13%) 
36.2% 
3/15 (20%) 
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421247 (17%) 
40.8% 
5/38 (13%) 
P=0.182N 
P = 0.1 18N 
P = 0.142N 

45/247 (18%) 
42.3% 
5/38 (13%) 
P=0.196N 
P = 0.124N 
P=0.151N 

731248 (29%) 
70.0% 
17/38 (45%) 
P=0.437 
P = 0.500 
P = 0.485 

78/248 (31%) 
74.7% 
20138 (53%) 
P = 0.376 
P = 0.443 
P=0.425 

13/246 (6%) 
14.4% 
3/38 (8%) 
P = 0.605 
P=0.468 
P30.538 

251246 (10%) 
24.3% 
4/38 (11%) 
P=0.237 
P=0.234 
P=0.261 

28/246 (11%) 
32.1% 
6/38 (16%) 
P=0.274N 
P = 0.198N 
P = 0.234N 

2-46 (10%) 
26.2% 
5/38 (13%) 
P = 0.321N 
P =0.251N 
P=0.274N 

Chrysotile Asbestos, NTP TR 295 



TABLE El .  ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY 
O F  SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE (a) 

Thyroid C-cell Adenoma or Carcinoma 
Overall Rates (b) 24/86 (28%) 52/246 (21%) 
Adjusted Rates (c) 60.8% 51.4% 
Terminal Rates (d) 5/15 (33%) 11/38 (29%) 
Life Table Test (e) P=0.182N 
Incidental Tumor Test (e) P = 0.094N 
Fisher Exact Test (e) P=0.129N 

Parathyroid: Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

6/83 (7%) 
22.8% 
1/15 (7%) 

Pancreatic Islets: Islet Cell Adenoma 
Overall Rates (b) 6/86 (7%) 
Adjusted Rates (c) 19.5% 
Terminal Rates (d) 1!15(7%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pancreatic Islets: Islet Cell Carcinoma 
Overall Rates (b) 3/86 (3%) 
Adjusted Rates (c) 16.1% 
Terminal Rates (d) 2/15 (13%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 
Overall Rates (b) 9/86 (10%) 

Terminal Rates (d) 3/15 (20%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Adjusted Rates (c) 33.3% 

Mammary Gland: Fibroadenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Preputial Gland: Carcinoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Preputial G l a n d  Adenoma or Carcinoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 
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11/88 (13%) 
46.2% 
5/15 (33%) 

6/88 (7%) 
20.3% 
2/15 (13%) 

6/88 (7%) 
20.3% 
2/15t13%) 
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a 2 9  (2%) 
7.8% 
2/36 (6%) 
P = 0.024N 
P= 0.023N 
P = 0.025N 

186247 (7%) 
21.5% 
3/38 (8%) 
P = 0.525 
P=0.583 
P=0.571 

la47 (6%) 
18.7% 
3/38 (8%) 
P = 0.298 
P = 0.277 
P=0.318 

306247 (12%) 
35.4% 
6/38 (16%) 
P = 0.376 
P = 0.403 
P=0.421 

276250 (11%) 
37.5% 
7/38 (18%) 
P = 0.468N 
P = 0.401N 
P=0.397N 

13/250 (5%) 
12.8% 
2/38 (5%) 
P = 0.421N 
P= 0.373N 
P= 0.370N 

la50 (6%) 
14.2% 
2/38 (6%) 
P = 0.467N 
P =0.432N 
P=0.426N 



TABLE El .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY 
OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE (a) 

Testis: Interstitial Cell Tumor 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

81/87 (93%) 
100.0% 
15/15 (100%) 

238/246 (97%) 
100.0% 
38/38 (100%) 
P=0.336 
P-0.590 
P = 0.128 

Testis: Interstitial Cell Tumor or Interstitial Cell Tumor, Malignant 
Overall Rates (b) 8 i m  (93%) 239/246 (97%) 

Terminal Rates (d) 15/15 (100%) 38/38 (100%) 
Life Table Test (e) P=0.324 
Incidental Tumor Test (e) P = 0.5 12 
Fisher Exact Test (e) P=0.092 

Adjusted Rates (c) 100.0% 100.0% 

Zymbal Gland: Squamous Cell Papilloma or Carcinoma 
Overall Rates (b) 5/88 (6%) 
Adjusted Rates (c) 13.6% 
Terminal Rates (d) 1/15 (7%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Tunica Vaginalis: Mesothelioma, Malignant 
Overall Rates (b) 2/88 (2%) 

Terminal Rates (d) 0/15 (0%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Adjusted Rates (c) 3.4% 

All Sites: Mesothelioma, Malignant 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

2/88 (2%) 
3.4% 
0/15 (0%) 

5/250 (2%) 
5.8% 
1/38 (3%) 
P=O.lOlN 
P =0.085N 
P=0.088N 

148250 (6%) 
9.6% 
0138 (0%) 
P=0.172 
P=O.191 
P = 0.166 

la250 (6%) 
10.1% 
0/38 (0%) 
P=0.145 
P=0.161 
P=0.135 

(a) Administered 1% short-range chrysotile asbestos in the diet 
(b) Number oftumor-bearing animals/number of animals examined at the site 
(c) Kaplan-Meier estimated tumor incidence a t  the end of the study after adjusting for intercurrent mortality 
(d) Observed tumor incidence a t  terminal kill 
(e) Beneath the dosed group incidence is the P value corresponding to the pairwise comparison between the dosed group and the 
controls. The life table analysis regards tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause 
of death. The incidental tumor test regards these lesions as  nonfatal. The Fisher exact test compares directly the overall 
incidence rates. A lower incidence in the dosed group is indicated by (N). 
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TABLE E2. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS I N  THE LIFETIME FEED STUDY 
OF SHORT-RANGE CHRYSOTILE ASBESTOS 

CONTROL (UNTR) SHORT RANGE (a) 

Hematopoietic System: Leukemia 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pituitary: Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pituitary: Carcinoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pituitary: Adenoma or Carcinoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Adrenal: Pheochromocytoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

28/88 (32%) 
68.3% 
319 (33%) 

39/87 (45%) 
89.5% 
6A (67%) 

6/87 (7%) 
22.6% 
1/9(11%) 

45187 (52%) 
93.9% 
719 (78%) 

9/87 (10%) 
38.2% 
2i9 (22%) 

Adrenal: Pheochromocytoma or Pheochromocytoma, Malignant 
Overall Rates (b) 9/87 (10%) 
Adjusted Rates (c) 38.2% 
Terminal Rates (d) 2A (22%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (b) 5/87 (6%) 
Adjusted Rates (c) 38.1% 
Terminal Rates (d) 319 (33%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid  C-cell Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Chrysotile Asbestos, NTP TR 295 

11/87 (13%) 
41.0% 
119(11%) 
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1011250 (40%) 
74.7% 
10126 (38%) 
P=0.155 
P=0.069 
P20.097 

IOU244 (41%) 
80.1% 
13/26 (50%) 
P=0.368N 
P = 0.335N 
P=0.333N 

131244 (5%) 
10.3% 
OD6 (0%) 
P=0.362N 
P=0.439N 
P=0.380N 

114i244 (47%) 
82.2% 
13/26 (50%) 
P= 0.295N 
P= 0.268N 
P= 0.249N 

38/245 (16%) 
51.8% 
7/26 (27%) 
P=0.170 
P=0.206 
P=0.156 

39/245 (16%) 
52.2% 
7/26 (27%) 
P = 0.153 
P=0.175 
P=0.136 

12/244 (5%) 
18.5% 
2/26 (8%) 
P = 0.494N 
P = 0.465N 
P = 0.476N 

201244 (8%) 
23.9% 
2/26 (8%) 
P =0.170N 
P = 0.154N 
P = 0.157N 



TABLE Ea. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE LIFETIME F E E D  STUDY 
OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL (UNTR) SHORT RANGE (a) 

TnyrolQ: C-cell Car&nama 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid: C-cell Adenoma or Carcinoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Mammary Gland: Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Mammary G l a n d  Fibroadenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Mammary Gland: Adenocarcinoma 
Overall Rates (b) 
Aqjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Clitoral Gland: Carcinoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

7/87 (8%) 
33.3% 
119 (11%) 

17/87 (20%) 
57.7% 
2f9 (22%) 

2/88 (2%) 
10.0% 
of9 (0%) 

49/88 (56%) 
97.1% 
8f9 (89%) 

6/88 (7%) 
40.8% 
2f9 (22%) 

2/88 (2%) 
8.2% 
019 (0%) 

Clitoral Gland: Papilloma, Adenoma or Carcinoma 
Overall Rates (b) 3/88 (3%) 
Adjusted Rates (c) 10.5% 
Terminal Rates (d) OB (0%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Uterus: Endometrial Stromal Polyp 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

15/87 (17%) 
49.1% 
2/9 (22%) 
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21/244 (9%) 
30.1% 
4/26 (15%) 
P = 0.522 
P=0.556 
P=0.537 

40/244 (16%) 
47.4% 
6/26 (23%) 
P = 0.3 19N 
P=0.289N 
P = 0.304N 

14/250 (6%) 
21.9% 
2/26 (8%) 
P=0.175 
Pt0.161 
P = 0.166 

146050 (68%) 
96.4% 
22/26 (85%) 
P = 0.399 
P = 0.353 
P=0.374 

W250 (8%) 
27.4% 
3/26 (12%) 
P = 0.488 
P = 0.562 
P=0.511 

17/250 (7%) 
22.2% 
3/26 (12%) 
P=O.101 
Pr0.085 
P = 0.087 

W 2 6 0  (8%) 
23.2% 
3/26 (12%) 
P = 0.144 
P = 0.102 
P=0.129 

34/245 ( 14%) 
43.8% 
4/26 (15%) 
P=0.321N 
P = 0.256N 
P=0.276N 
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TABLE ES. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE LIFETIME FEED STUDY 
OF SHORT-RANGE CHRYSOTILE ASBESTOS (Continued) 

(a)  Administered 1% short-range chrysotile asbestos in the diet 
(b) Number oftumor-bearing animals/number ofanimals examined a t  the site 
(c) Kaplan-Meier estimated tumor incidence at the end of the study after adjusting for intercurrent mortality 
(d) Observed tumor incidence at terniinal kill 
(e) Beneath the dosed group incidence is the P value corresponding to the pairwise comparison between the dosed group and the 
controls. The life table analysis regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause 
of death. The incidental tumor test regards these lesions as nonfatal. The Fisher exact test compares directly the overall 
incidence rates. A lower incidence in the dosed group is indicated by (N). 

Chrysotile Asbestos, NTP TR 295 
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TABLE E3. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE LIFETIME F E E D  STUDY 
OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

CONTROL 
(UNTR) I R  (a) IR/PW IR vs IWPW 

Skin: Papilloma or Squamous Cell Papilloma 
Overall Rates (b) 5/88 (6%) 81250 (3%) 
Adjusted Rates (c) 46.1% 12.2% 
Terminal Rates (d) 3R (43%) 0129 (0%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

P = 0.159N 
P = 0.225N 
P=  0.230N 

Integumentary System: Keratoacanthoma 
Overall Rates (b) 1/88(1%) 19/250 (8%) 
Adjusted Rates (c) 3.2% 23.9% 
Terminal Rates (d) OR (0%) 3/29 (10%) 
Life Table Test (e) P = 0.039 
Incidental Tumor Test (e) P=0.027 
Fisher Exact Test (e) P=0.017 

Integumentary System: Fibroma 
Overall Rates (b) 17/88 (19%) 51/250 (20%) 
Adjusted Rates (c) 45.2% 61.4% 
Terminal Rates (d) 1R (14%) 10/29 (34%) 
Life Table Test (e) P = 0.485N 
Incidental Tumor Test (e) P = 0.465 
Fisher Exact Test (e) P = 0.480 

Integumentary System: Fibrosarcoma 
Overall Rates (b) 7/88 (8%) 61250 (2%) 
Adjusted Rates (c) 21.5% 5.2% 
Terminal Rates (d) OR (0%) 0129 (0%) 
Life Table Test (e) P = 0.021N 
Incidental Tumor Test (e) P = 0.024N 
Fisher Exact Test (e) P=0.028N 

Subcutaneous Tissue: Sarcoma 
Overall Rates (b) 1188 (1%) 3450 (1%) 
Adjusted Rates (c) 1.3% 5.4% 
Terminal Rates (d) OR (0%) 1/29 (3%) 
Life Table Test (e) P=0.706N 
Incidental Tumor Test (e) P = 0.688 
Fisher Exact Test (e) P=0.721 

Integumentary System: Fibroma, Fibrosarcoma, or Sarcoma 
Overall Rates (b) 24/88 (27%) 59/250 (24%) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Hematopoietic System: Leukemia 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Liver: Neoplastic Nodule 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test(e) 
Incidental Tumor Test (e)  
Fisher Exact Test (e) 

56.6% 65.9% 
1R(14%) 11/29 (38%) 

P = 0.186N 
P = 0.302N 
P=0.291N 

31/88 (35%) 961250 (38%) 
67.8% 72.9% 
1R (14%) 11/29 (38%) 

P=0.506 
P= 0.309 
P = 0.346 

131250 (5%) 6/85 (7%) 
23.1% 17.9% 
017 (0%) 2/29 (7%) 

P = 0.321N 
P=0.362N 
P=0.344N 
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31100 (3%) 
14.0% 
111 1 (9%) 
P = 0.224N 
P=0.326N 
P=0.292N 

8/100 (8%) 
32.7% 
3/11 (27%) 
P=0.048 
P = 0.026 
P=0.027 

121100 (12%) 
49.2% 
311 1 (27%) 
P=0.103N 
P= 0.156N 
P= 0.1 19N 

11100 (1%) 
3.8% 
0111 (0%) 
P=0.024N 
P=0.017N 
P = 0.02 1 N 

51100 (5%) 
21.3% 
1/11 (9%) 
P=0.164 
P=0.117 
P=0.138 

171100 (17%) 
61.7% 
4/11 (36%) 
P=0.058N 
P=O.O86N 
P = 0.064N 

371100 (37%) 
72.9% 
4/11 (36%) 
P=0.520 
P = 0.356 
P = 0.460 

5/100 (5%) 
10.4% 
011 1 (0%) 
P = 0.407N 
P=0.377N 
P=0.389N 

P=0.617 
P= 0.622N 
P=0.612N 

P=0.606 
P = 0.512 
P=0.527 

P=O.O83N 
P= 0.067N 
P = 0.042N 

P=0.373N 
P=O.IllN 
P=0.358N 

P = 0.034 
P = 0.032 
P=0.046 

P=O.l91N 
P=0.157N 
P=O.l13N 

P = 0.529N 
P = 0.508N 
P = 0.463N 

P= 0.592N 
P= 0.571 N 
P = 0.589N 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) IR (a) IR/PW IR vs IR/PW 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (b) 8/86 (9%) 19/250 (8%) 
Adjusted Rates (c) 27.9% 28.9% 
Terminal Rates (d) on (0%) 5/29 (17%) 
Life Table Test (e) P=0.321N 
Incidental Tumor Test (e) P = 0.391N 
Fisher Exact Test (e) P=0.372N 

Pancreas: Acinar Cell Adenoma 
Overall Rates (b) 3/86 (4%) 23/249 (9%) 
Adjusted Rates (c) 19.5% 38.5% 
Terminal Rates (d) on (0%) 7/29 (24%) 
Life Table Teat (e) P=0.113 
Incidental Tumor Test (e) P-0.066 
Fisher Exact Test (e) P = 0.065 

Large Intestine: Adenomatous Polyp 
Overall Rates (b) OB5 (0%) 9D50 (4%) 
Adjusted Rates (c) 0.0% 10.2% 
Terminal Rates (d) OR (0%) 1/29 (3%) 
Life Table Test (e) P = 0.088 
Incidental Tumor Test (e) P = 0.084 
Fisher Exact Test (e) P = 0.069 

Pituitary: Adenoma 
Overall Rates (b) 14/85 (16%) 491246 (20%) 
Adjusted Rates (c) 39.1% 50.3% 
Terminal Rates (d) on (0%) 5/29 (17%) 
Life Table Test (e) P=0.398 
Incidental Tumor Test (e) P=0.284 
Fisher Exact Test (e) P = 0.299 

Pituitary: Adenoma or Carcinoma 
Overall Rates (b) 18/85 (21%) 52/246 (21%) 
Adjusted Rates (c) 43.7% 52.0% 
Terminal Rates (d) on (0%) 5/29 (17%) 
Life Table Test (e) P = 0.461 N 
Incidental Tumor Test (e) P=0.552 
Fisher Exact Test (e) P=0.553N 

Adrenal: Pheochromocytoma 
Overall Rates (b) 16/85 (19%) 59L250 (24%) 
Adjusted Rates (c) 61.5% 60.6% 
Terminal Rates (d) 2pI (29%) 8/29 (28%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

P = 0.322 
P = 0.189 
P= 0.225 

Adrenal: Pheochromocytoma or Pheochromocytoma, Malignant 
Overall Rates (b) 17/85 (20%) 63D50 (25%) 
Adjusted Rates (c) 62.7% 64.7% 
Terminal Rates (d) 2pI (29% ) 10129 (28%) 
Life Table Test (e) P=0.310 
Incidental Tumor Test (e) P=0.170 
Fisher Exact Test (e) P = 0.206 

Thyroid: Follicular Cell Carcinoma 
Overall Rates (b) 5/84 (6%) 13/250 (5%) 
Adjusted Rates (c) 19.8% 17.8% 
Terminal Rates (d) 0/7 (0%) 2/29 (7%) 
Life Table Test (e) P = 0.468N 
Incidental Tumor Teat (e) P = 0.532N 
Fisher Exact Test (e) P=0.489N 

6/100 (6%) 
11.5% 
011 1 (0%) 
P= 0.300N 
P=0.277N 
P=  0.275N 

9/99 (9%) 
26.8% 
111 1 (9%) 
P=0.108 
P=0.102 
P = 0.109 

211 00 (2% f 
7.4% 
011 1 (0%) 
P=0.315 
P=0.235 
P=0.291 

18/100 (18%) 
47.8% 
3/11 (27%) 
P=  0.435 
P=0.416 
P=0.470 

19/100(19%) 
48.8% 
311 1 (27%) 
P=0.470N 
P = 0.479N 
P=0.426N 

32/100 (32%) 
87.2% 
811 1 (73%) 
P=0.058 
P=0.014 
P = 0.030 

32/100 (32%) 
87.2% 
8/11 (73%) 
P=0.082 
P-0.023 
P = 0.046 

2/99 (2%) 
12.6% 
1/11 (9%) 
P=0.161N 
P=0.191N 
P= 0.160N 

P=0.408N 
P = 0.387N 
P = 0.396N 

P = 0.664 
P = 0.678 
P = 0.574N 

P=0.343N 
P = 0.386N 
P=0.348N 

P=  0.531N 
P = 0.458N 
P = 0.403N 

P = 0.523N 
P-0.438N 
P-0.387N 

P=0.051 
P = 0.045 
P=0.070 

P = 0.089 
P = 0.083 
P=0.124 

P = 0.201N 
P=0.155N 
P-0.151N 
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TABLE E3. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) I R  (a) IR/PW I R  vs IR/PW 

~~ ~~ 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (b) 6/84 (7%) 
Adjusted Rates (c) 21.5% 
Terminal Rates (d) of7 (0%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid: C-Cell Adenoma 
Overall Rates (b) 13/84 (15%) 
Adjusted Rates (c) 44.6% 
Terminal Rates (d) If7 (14%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid: C-cell Carcinoma 
Overall Rates (b) 19/84(23%) 
Adjusted Rates (c) 59.9% 
Terminal Rates (d) 217 (29%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid: C-cell Adenoma or Carcinoma 
Overall Rates (b) 30184 (36%) 
Adjusted Rates (c) 76.9% 
Terminal Rates (d) 317 (43%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pancreatic Islet: Islet Cell Adenoma 
Overall Rates (b) 5/85 (6%) 
Adjusted Rates (c) 29.1% 
Terminal Rates (d) If7 (14%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pancreatic Islets: Islet Cell Carcinoma 
Overall Rates (b) 3/85 (4%) 
Adjusted Rates (c) 6.9% 
Terminal Rates (d) OR (0%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Overall Rates (b) 8/85 (9%) 
Adjusted Rates (c) 34.0% 
Terminal Rates (d) 1R (14%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Overall Rates (b) 3/88 (3%) 
Adjusted Rates (c) 10.5% 
Terminal Rates (d) OR (0%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 

Mammary G l a n d  Fibroadenoma 

251250 (10%) 
31.6% 
3/29 (10%) 
P=0.329 
P = 0.270 
P = 0.294 

29/250 (12%) 
38.6% 
6/29 (21%) 
P= 0.196N 
P = 0.260N 
P = 0.228N 

38/250 (15%) 
47.2% 
5/29 (17%) 
P = 0.068N 
P = 0.095N 
P = 0.084N 

65/250 (26%) 
69.1% 
11/29 (38%) 
P=0.051N 
P=  0.071N 
P=  0.061N 

6/249 (2%) 
9.6% 
1/29 (3%) 
P = 0.088N 
P= 0.1 14N 
P= 0.1 19N 

17/249 (7%) 
36.3% 
8/29 (28%) 
P = 0.278 
P = 0.188 
P = 0.204 

23/249 (9%) 
43.2% 
9/29(31%) 
P = 0.440N 
P = 0.577N 
P = 0.556N 

16/250 (6%) 
28.5% 
5/29(17%) 
P = 0.301 
P=0.219 
P=0.223 
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5/99 (5%) 
21.8% 
111 1 (9%) 
P=0.365N 
P = 0.429N 
P = 0.387N 

9/99 (9%) 
34.5% 
3/11 (27%) 
P = 0.144N 
P = 0.153N 
P=0.137N 

23/99 (23%) 
57.6% 
3/11 (27%) 
P = 0.526 
P10.436 
P=0.532 

32/99 (32%) 
76.1% 
6/11 (65%) 
P- 0.381N 
P=0.470N 
P=0.372N 

5/99 (5%) 
18.4% 
0/11(0%) 
P= 0.483N 
P=0.542N 
P=0.528N 

6/99 (6%) 
19.6% 
111 1 (9%) 
P = 0.337 
P=0.304 
P=0.330 

1 1/99 ( 1 1 %) 
34.4% 
1/11 (9%) 
P=0.489 
P = 0.420 
P = 0.449 

7/100 (7%) 
27.9% 
111 1 (9%) 
P = 0.238 
P=0.223 
P=0.223 

P = 0.150N 
P =0.108N 
P=0.098N 

P= 0.364N 
P = 0.300N 
P=0.320N 

P = 0.046 
P=0.040 
P = 0.054 

Pr0.121 
P=0.124 
P = 0.146 

P=0.141 
P=0.176 
P=0.174 

P = 0.526N 
P = 0.519N 
P = 0.504N 

P=0.315 
P=0.345 
P=0.363 

0 
P = 0.459 
P = 0.488 
P=0.501 
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TABLE Ea. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY O F  
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) I R  (a) IRlPW I R  vs IR/PW 

Preputial Gland Carcinoma 
Overall Rates (b) 3/88 (3%) 11/250 (4%) 

Terminal Rates (d) OR (0%) 0/29 (0%) 
Life Table Test (e) P=0.489 
Incidental Tumor Test (e ) P = 0.446 
Fisher Exact Test (e) P=0.483 

Adjusted Rates (c) 7.1% 9.5% 

Preputial Gland: Adenoma or Carcinoma 
Overall Rates (b) 4/88 (5%) 11/250 (4%) 
Adjusted Rates (c) 11.1% 9.5% 
Terminal Rates (d) OR (0%) OD9 (0%) 
Life Table Test (e) P=0.567N 
Incidental Tumor Test (e) P = 0.612N 
Fisher Exact Test (e) P = 0.579N 

Testis: Interstitial Cell Tumor 
Overall Rates (b) 79/84 (94%) 237/250 (95%) 

Terminal Rates (d) 7i7 (100%) 29/29 (100%) 
Life Table Test (e) P=0.471N 
Incidental Tumor Test (e) P=0.306 
Fisher Exact Test (e) P=0.489 

Testis: Interstitial Cell Tumor or Interstitial Cell Tumor, Malignant 

Adjusted Rates (c) 100.0% 100.0% 

Overall Rates (b) 79/84 (94%) 2381250 (95%) 

Terminal Rates (d) 717 (100%) 29/29 (100%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Adjusted Rates (c) 100.0% 100.0% 

P = 0.484N 
P = 0.242 
P = 0.432 

Tunica Vaginalis: Mesothelioma, Malignant 
Overall Rates (b) 2/88 (2%) 131250 (5%) 
Adjusted Rates (c) 2.4% 9.8% 
Terminal Rates (d) OR (0%) 0/29 (0%) 
Life Table Test (e) P=0.208 
Incidental Tumor Test (e) P=0.189 
Fisher Exact Test (e) P=0.203 

All Sites: Mesothelioma, Malignant 
Overall Rates (b) 2/88 (2%) 14/250 (6%) 

Terminal Rates (d) OR (0%) 0/29 (0%) 
Life Table Test (e) P=0.173 
Incidental Tumor Test (e) P = 0.153 
Fisher Exact Test (e) P=0.166 

Adjusted Rates (c) 2.4% 10.2% 

All Sites: Meeothalioma 
Overall Rates (b) 5/88 (6%) 16/250 (6%) 
Adjusted Rates (c) 13.4% 15.0% 
Terminal Rates (d) 017 (0% ) 0/29 (0%) 
Life Table Test (e) P=0.521 
Incidental Tumor Test (e) P=0.490 
Fisher Exact Test (e) P=0.521 

3/100 (3%) 
9.5% 
Olll (0%) 
P=0.611N 
P = 0.579N 
P=0.597N 

3/100 (3%) 
9.5% 
011 1 (0%) 
P = 0.453N 
P = 0.414N 
P=0.429N 

89/100 (89%) 
100.0% 
11/11 (100%) 
P=0.404N 
P = 0.572 
P=  0.172N 

891100 (89%) 
100.0% 
11/11 (100%) 
P=0.404N 
P = 0.572 
P=0.172N 

511 00 (5%) 
18.0% 
111 1 (9%) 
P = 0.315 
P=O.199 
P=0.278 

5/100 (5%) 
18.0% 
111 1 (9%) 
P = 0.315 
P=O.199 
P = 0.278 

W100 (6%) 
19.3% 
111 1 (9%) 
P=0.610 
P = 0.519 
P = 0.588 

P=0.403N 
P = 0.390N 
P=0.397N 

P=0.403N 
P = 0.390N 
P=0.397N 

P = 0.439N 
P = 0.330N 
P = 0.048N 

P=0.570N 
P=0.583N 
P= 0.589N 

P=0.512N 
P=  0.531N 
P = 0.529N 

P=0.538N 
P = 0.557N 
P = 0.554N 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (Continued) 

(a) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet 
(b) Number nf  inmor-bearipg animals/number of animals examined a t  the site 
(c) Kaplan-Meier estimated tumor incidence at  the end of the study after adjusting for intercurrent mortality 
(d) Observed tumor incidence at terminal kill 
(e) Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between that dosed group 
and the controls. The pairwise comparison between the dosed groups is in the final column. The life table analysis regards 
tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidentu tumor test 
regards these lesions as  nonfatal. The Fisher exact test compares directly the overall incidence rates. A lower incidence in a 
dosed group than in the controls or in the IR p l w  preweaning gavage than the IR group is indicated by (N). 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS I N  FEMALE RATS I N  THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (a) 

CONTROL 
(UNTR) IR (a) IR/PW IR vs IR/PW 

Subcutaneous Tissue: Fibroma 
Overall Rates (b) 5/88 (6%) 91250 (4%) 3/100 (3%) 

Terminal Rates (d) 
Life Table Test (e) P = 0.262N P-0.289N P=0.569N 
Incidental Tumor Test (e) P=0.308N P=  0.302N P = 0.496N 
Fisher Exact Test (e) P = 0.287N P=0.292N P=0.537N 

Adjusted Rates (c) 27.2% 10.5% 10.1% 
1/10 (10%) 1/29 (3%) 0/11(0%) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (b) 6/88 (7%) 13/250 (6%) 3/100 (3%) 
Adjusted Ratas (c) 3 1.8% 13.9% 10.1% 
Terminal Rates (d) 1/10 (10%) 1/29 (3%) 0/11(0%) 
Life Table Test (e) P = 0.322N P = 0.185N 
Incidental Tumor Test (e) P=0.403N P= 0.195N 
Fisher Exact Test (e) P = 0.370N P = 0.190N 

Hematopoietic System: Leukemia 
Overall Rates (b) 34/88 (39%) 82/250 (33%) 29/100 (29%) 
Aqusted Rates (c) 75.1% 59.5% 58.2% 
Terminal Rates (d) 3/10 (30%) 6/29 (21%) 3111 (27%) 
Life Table Test (e) P = 0.184N P=0.155N 
Incidental Tumor Test (e) P = 0.227N P = 0.160N 
Fisher Exact Test (e) P=0.195N P = 0.1 O8N 

Overall Rates (b) 4/87 (5%)  6/250 (2%) 1/99 (1%) 
Adjusted Rates (e) 16.0% 6.5% 1.8% 
Terminal Rates (d) 0110 (0%) 0/29 (0%) 011 1 (0%) 
Life Table Test (e) P=0.215N P=O. 152N 
Incidental Tumor Test (e) P=0.256N P = 0.166N 
Fisher Exact Test (e) P=0.241 N P=  0.147N 

Overall Rates (b) 49/87 (56%) 103/249 (41%) 501100 (60%) 
Adjusted Rates (c) 93.4% 88.2% 90.2% 
Terminal Rates (d) 8/10 (80%) 20/29 (69%) 7/11 (64%) 
Life Table Test (e) P-0.017N P=0.332N 
Incidental Tumor Test (e) P = 0.014N P=0.314N 
Fisher Exact Test (e) P = 0.012N P=0.237N 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 

Pituitary: Adenoma 

4/87 (5%) 14/249 (6%) 11100 (1%) 
Pituitary: Carcinoma 

Overall Rates (b) 
Adjusted Rates (c) 13.1% 11.1% 3.2% 
Terminal Rates (d) 0110 (0%) W29 (0%) 011 1 (0%) 

P=0.475 P=0.150N Life Table Test (e) 
Incidental Tumor Test (e) P=0.382 P = O.156N 
Fisher Exact Test (e) P = 0.48 1 P= 0.144N 

Pituitary: Adenoma or Carcinoma 
Overall Rates (b) 53/87 (61%) 117/249 (47%) 51/100 (51%) 
Adjusted Rates (c) 94.2% 89.5% 90.5% 
Terminal Rates (d) 8/10 (80%) 20/29 (69%) 7/11 (64%) 
Life Table Test (e) P= 0.031N P=0.220N 
Incidental Tumor Test (e) P=  0.027N P=0.160N 

P- O.016N P=0.112N Fisher Exact Test (e) 

Adrenal: Cortical Adenoma 
Overall Rates (b) 4/87 (5%) 10/249 (4%) 5/99 (5%) 
Adjusted Rates (c) 15.5% 11.1% 17.8% 
Terminal Rates td) 1/10 (10%) 0/29 (0%) 011 1 (0%) 
Life Table Test (e)  P=0.477N P=0.592 
Incidental Tumor Test (e) P=0.563N P = 0.548 

, Fisher Exact Test (e) P= 0.512N P=0.581 

P=0.323N 
P= 0.262N 
P=0.281N 

P = 0.388N 
P = 0.284N 
P = 0.289N 

P=0.369N 
P=0.346N 
P = 0.363N 

P = 0.064 
P = 0.056 
P=0.089 

P=0.056N 
P = 0.044N 
P = 0.041N 

P = 0.202 
P=0.236 
P = 0.288 

P = 0.409 
P = 0.439 
PsO.431 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE LIFETIME FEED STUDY OF 
OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) IR (a) IWPW IR vs IWPW 

Adrenal: Pheochromocytoma 
Overall Rates (b) 8/87 (9%) 25/249 (10%) 
Adjusted Rates (c) 45.3% 39.6% 
Terminal Rates (d) 3/10 (30%) 6/29( 17%) 
Life Table Test (e) P=0.573N 
Incidental Tumor Test (e) P=0.495 
Fisher Exact Test (e) P = 0.503 

Adrenal: Pheochromocytoma or Pheochromocytoma, Malignant 
Overall Rates (b) 10/87(11%) 25/249 (10%) 
Adjusted Rates (c) 47.9% 39.6% 
Terminal Rates (d) 3/10 (30%) 6/29 (17%) 
Life Table Test (e) P = 0.336N 
Incidental Tumor Test (e) P=0.430N 
Fisher Exact Test (e) P= 0.420N 

Thyroid: Follicular Cell Adenoma 
Overall Rates (b) 6/87 (7%) 131248 (5%) 

Terminal Rates (d) 3/10 (30%) 2/29 (7%) 
Life Table Test (e) P = 0.341N 
Incidental Tumor Test (e) P=0.364N 
Fisher Exact Test (e) Pr0.367N 

Adjusted Rates (c) 37.5% 19.1% 

Thyroid: Follicular Cell Carcinoma 
Overall Rates (b) 1/87 (1%) 14/248 (6%) 
Adjusted Rates (c) 6.2% 23.3% 
Terminal Rates (d) 0/10 (0%) 4/29 (14%) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

P = 0.097 
P = 0.079 
P = 0.065 

Thyroid Follicular Cell Adenoma or Carcinoma 
Overall Rates (b) 7/87 (8%) 27048 (11%) 

Terminal Rates (d) 3/10 (30%) 6/29 (21%) 
Life Table Test (e) P=0.362 
Incidental Tumor Test (e) P=0.311 
Fisher Exact Test (e) P=0.299 

Adjusted Rates (c) 41.4% 38.7% 

Thyroid: C-cell Adenoma 
Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Overall Rates (b) 
Adjusted Rates (c) 
Terminal Rates (d) 
Life Table Test (e) 
Incidental Tumor Test (e) 
Fisher Exact Test (e) 

Thyroid: C-cell Carcinoma 

11/87 (13%) 26/248 (10%) 
58.3% 40.1% 
5/10 (50%) 8/29 (28%) 

P = 0.281N 
P=0.341N 
P = 0.354N 

11/87 (13%) 41/248(17%) 
34.6% 47.4% 
2/10 (20%) 6/29(21%) 

P=0.320 
P=0.219 
P = 0.249 

Thyroid: C-cell Adenoma or Carcinoma 
Overall Rates (b) 21/87 (24%) 65/248 (26%) 
Adjusted Rates (c) 72.7% 71.0% 
Terminal Rates (d) 6/10 (60%) 14/29 (48%) 
Life Table Test (e) P=0.518 
Incidental Tumor Test (e) P = 0.386 
Fisher Exact Test (e) P = 0.410 
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11/99 (1 1%) 
44.6% 
3/11 (27%) 
P = 0.440 P=0.370 
P = 0.404 P = 0.412 
P=0.427 P = 0.451 

13/99 (13%) 
50.1% 
311 1 (27%) 
Pr0.472 
P = 0.430 
P = 0.66 

P = 0.189 
P = 0.213 
P = 0.256 

6/100 (6%) 
9.7% 
0/11(0%) 
P = 0.530N P = 0.449 
P=0.663N P=0.512 
P=0.517N P = 0.478 

7/100 (7%) 
26.1% 
0/11(0%) 
P = 0.069 P=0.345 
P = 0.048 P=0.354 
P = 0.050 P=0.397 

13/100 (13%) 
33.3% 
0/11(0%) 
P=0.219 
P=0.167 
P = 0.197 

P=0.288 
P = 0.330 
P = 0.348 

20/100 (20%) 
52.0% 
2/11 (18%) 
P = 0.130 P = 0.009 
P=0.093 P = 0.01 2 
P = 0.124 P=0.016 

12/100 (12%) 
52.7% 
4/11 (36%) 
P = 0.547N P=0.272N 
P=0.554N P=0.19lN 
P = 0.534N P = 0.185N 

30/100 (30%) 
79.5% 
6/11 (55%) 
P=0.236 P = 0.186 
P=0.184 P=0.246 
P=0.232 P = 0.277 
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TABLE E4. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS I N  THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (Continued) 

CONTROL 
(UNTR) IR (a) IWPW I R  vs IWPW 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 
Overall Rates (b) 6/87 (7%) 13/249 (5%) 
Adjusted Rates (c) 13.9% 22.7% 
Terminal Rates (d) 0/10 (0%) 3/29 (10%) 
Life Table Test (e) P= 0.315N 
Incidental Tumor Test (e) P = 0.382N 
Fisher Exact Test (e) P=0.365N 

Mammary Gland: Adenoma 
Overall Rates (b) 6/88 (7%) 21/250 (8%) 
Adjusted Rates (c) 22.4% 31.3% 
Terminal Rates (d) 0/10 (0%) 6/29 (21%) 
Life Table Test (e) P = 0.465 
Incidental Tumor Test (e) P=0.377 
Fisher Exact Test (e) P=0.416 

Mammary Gland: Fibroadenoma 
Overall Rates (b) 49/88 (56%) 128/250(51%) 
Adjusted Rates (c) 100.0% 92.0% 
Terminal Rates (d) 10/10 (100%) 21/29 (72%) 
Life Table Test (e) P=0.209N 
Incidental Tumor Test (e) P = 0.3 18N 
Fisher Exact Test (e) P= 0.275N 

Mammary G l a n d  Adenocarcinoma 
Overall Rates (b) 5/88 (6%) 9/250 (4%) 

Terminal Rates (d) 0/10 (0%) 4/29 (14%) 
Life Table Test (e) P = 0.248N 
Incidental Tumor Test (e) P=0.286N 
Fisher Exact Test (e) P = 0.287N 

Adjusted Rates (c) 15.7% 21.2% 

Clitoral Gland: Carcinoma or Squamous Cell Carcinoma 
Overall Rates (b) 1/88 (1%) 18/250 (7%) 
Adjusted Rates (c) 3.2% 26.1% 
Terminal Rates (d) 0110 (0%) 5/29 (17%) 
Life Table Test (e) P=0.037 
IncidentalTumor Test (e) P=0.031 
Fisher Exact Test (e) P = 0.022 

U t e r u e  Endometrial Stromal Polyp 
Overall Rates (b) 13/87 (16%) 22l249 (9%) 
Adjusted Rates (c) 37.4% 31.4% 
Terminal Rates (d) 1/10(10%) 6/29 (21%) 
Life Table Test (e) P=0.070N 
Incidental Tumor Test (e) P = 0.078N 
Fisher Exact Test (e) P = 0.084N 

7/99 (7%) 
23.6% 
011 1 (0%) 
P=0.604 
P = 0.565 
P10.597 

11/100(11%) 
32.0% 
1/11 (9%) 
P = 0.248 
P=0.203 
P = 0.230 

581100 (58%) 
93.9% 
8/11 (73%) 
P = 0.445 
P=0.322 
P=0.431 

4/100 (4%) 
12.7% 
111 1 (9%) 
P=0.435N 
P = 0.421N 
P= 0.420N 

4/100 (4%) 
12.6% 
011 1 (0%) 
P=0.214 
P = 0.247 
P=0.227 

lorn9 (10%) 
30.2% 
0/11 (0%) 
P = 0.23 1N 
P=0.227N 
P = 0.219N 

P = 0.279 
P = 0.304 
P=0.330 

P = 0.244 
P = 0.279 
P=0.283 

P=0.123 
P=O.110 
P=0.151 

P = 0.504 
P=0.532 
P = 0.536 

P = 0.218N 
P= 0.186N 
P= 0.195N 

P = 0.375 
P = 0.385 
P = 0.426 

(a) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet 
(b) Number oftumor-bearing animals/number o f  animals examined a t  the site 
(c) Kaplan-Meier estimated tumor incidence a t  the end of the study after adjusting for intercurrent mortality 
(d) Observed tumor incidence at terminal kill 
(e) Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between that  dosed group 
and the controls. The pairwise comparison between the dosed groups is in the final column. The life table analysis regards 
tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor test 
regards them lesions as nonfatal. The Fisher exact test compares directly the overall incidence rates. A lower incidence in a 
dosed group than in the controls or in the IR plus preweaning gavage than the IR group is indicated by (N). 
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TABLE ELI. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY O F  
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS PLUS I$-DIMETHYLHYDRAZINE 

DIHY DROCHLORIDE 

CONTROL I R  t DMH vs 
(UNTR) DMH(a) DMH(b) I R  t DMH 

Skin: Papilloma or Squamous Cell Papilloma 
Overall Rater (0) (5188 (8%) 
Adjwted Rater (d) 18,8% 
Terminrl Rater (e) 4/26 (16%) 
Life Table Teat (0 
Incidental Tumor Teat (0 
Firher Exact Teat (0 

Sun: Keratoacanthoma 
Overall Rater (c) 1/88 (1%) 
Aaurted Rater (d) 3,2% 
Terminrl Rates (e) OB8 (0%) 
Life Table Teat (0 
Incidental Tumor Teat (0 
Firher Exact Test (D 

Overall Rates (c) 17/88 (19%) 
Adjusted Rates (d) 33.8% 
Terminal Rates (e) 3/26 (12%) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Subcutaneous Tissue: Fibroma 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (c) 7/88 (8%) 
Adjusted Rates (d) 17.0% 
Terminal Rates (e) 1/26 (4%) 
Life Table Test (D 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (c) 23/88 (26%) 
Adjusted Rates (d) 44.1% 
Terminal Rates (e) 4/26 (15%) 
Life Table Test (D 
Incidental Tumor Test (D 
Fisher Exact Test (D 

Hematopoietic System: Leukemia 
Overall Rates (c) 31/88 (35%) 
Adjusted Rates (d) 60.4% 
Terminal Rates (e) 10/26 (38%) 
Life Table Test (0 
Incidental Tumor Test (D 
Fisher Exact Test (D 

Liver: Neoplastic Nodule 
Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (fl 
Incidental Tumor Test (D 
Fisher Exact Test (D 

6/85 (7%) 
17.5% 
3/26 (12%) 

Liver: Hepatocellular Carcinoma 
Overall Rates (c) 2/85 (2%) 
Adjusted Rates td) 5.8% 
Terminal Rates (e) 1/26 (4%) 
Life Table Test (f, 
Incidental Tumor Test (0 
Fisher Exact Test (D 

2H2b (2%) 
11,196 
2/10 (11%) 
P=0.373N 
P=0,368N 
P=0,108N 

wiaa ( s w  
24.2% 
4118 (22%) 
P-0.028 
P=0.070 
P50.138 

W126 (10%) 
38.7% 
6/18 (28%) 
P=0.602N 
P = 0.134N 
P=0.062N 

3/126 (2%) 
5.2% 
0/18 (0%) 
P=0.258N 
P= 0.096N 
P=0.061N 

16/125 (13%) 
41.9% 
5/18 (28%) 
P=0.363N 
P=0.042N 
P=0.012N 

42/125 (34%) 
68.9% 
6/18 (33%) 
P =0.016 
P=O.l81 
P = 0.460N 

12/125 (10%) 
33.4% 
3/18 (17%) 
P = 0.039 
P=0.105 
P = 0.351 

17/125 (14%) 
38.3% 
3/18(17%) 
P c 0.00 1 
P<O.OOl 
P=0.003 

329 

4/17b (2%) 
133% 
2/18 (11%) 
P50.621N 
P=0,499N 
Pm0.143N 

11/176 (8%) 
30,0% 
1/18 (8%) 
P=0.002 
P=  0.018 
P1.0.049 

15/175 (9%) 
43.7% 
6/18 (28%) 
P=0.608N 
P = 0.094N 
P= 0.012N 

2/175 (1%) 
6.3% 
1/18 (6%) 
P=O.l13N 
P=0.023N 
P=O.OOSN 

17/175 (10%) 
48.4% 
6/18 (33%) 
P=0.286N 
P =0.014N 
P = 0.001 N 

71/175 (41%) 
76.6% 
5/18 (28%) 
P c 0.00 1 
P=0.065 
P=0.241 

101175 (6%) 
20.3% 
2/18 (11%) 
P= 0.21 1 
P = 0.500 
P= 0.431N 

20/175 (11%) 
41.1% 
3/18 (17%) 
PCO.001 
P<0.003 
P = 0.009 

P10.378 
P=0,396 
P = 0.109 

P = 0,240 

P = 0.389 
P = o , ~  

P = 0.573 
P = O.466N 
P = 0.366N 

P= 0.416N 
P=0.379N 
P=0.346N 

P=0.471N 
P=  0.335N 
P=0.255N 

P = 0.076 
P = 0.172 
P=0.134 

P = 0.249N 
P-0.156N 
P = 0.148N 

P=  0.528N 
P = 0.336N 
P = 0.348N 
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TABLE Ell. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS PLUS l&DIMETHYLHYDRAZINE 

DIHYDROCHLORIDE (Continued) 

CONTROL IR t DMH vs 
(UNTR) DMH(a) DMH(b) IR t DMH 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (c) 8/85 (9%) 27/125 (22%) 
Adjusted Rates (d) 22.8% 59.5% 
Terminal Rates (e) 4/26 (15%) 6/18 (33%) 
Life Table Test (D PCO.001 
Incidental Tumor Test (D P < 0.00 1 
Fisher Exact Test (0 P=0.014 

Pancreas: Acinar Cell Adenoma 
Overall Rates (c) 3/85 (4%) 7/124 (6%) 
Adjusted Rates (d) 11.5% 28.9% 
Terminal Rates (e) 3/26 (12%) 4/18 (22%) 
Life Table Test (D P = 0.059 
Incidental Tumor Test (D P=0.073 
Fisher Exact Test (D P = 0.362 

Large Intestine: Adenomatous Polyp 
Overall Rates (c) 0/85 (0%) 31/125 (25%) 
Adjusted Rates (d) 0.0% 45.0% 
Terminal Rates (e) 0/26 (0%) 2/18 (11%) 
Life Table Test (fl P c 0.001 
incidental Tumor Test (f'~ PCO.001 
Fisher Exact Test (0 PC 0.00 1 

Large Intestine: Mucinous Cystadenocarcinoma 
Overall Rates (c) 0/85 (0%) 7/125 (6%) 
Adjusted Rates (d) 0.0% 9.5% 
Terminal Rates (e) 0/26 (0%) 0/18 (0%) 
Life Table Test (D P=0.016 
Incidental Tumor Test (0 P = 0.125 
Fisher Exact Test (0 P = 0.025 

Large Intestine: Adenocarcinoma or Mucinous Cystadenocarcinoma 
Overall Rates (c) 0185 (0%) 9/125 (7%) 
Adjusted Rates (d) 0.0% 11.7% 
Terminal Rates (e) 0/26 (0%) O/l8 (0%) 
Life Table Test (0 P = 0.006 
Incidental Tumor Test (D P = 0,090 
Fisher Exact Test (D P = 0.008 

29/175 (17%) 
50.7% 
4/18 (22%) 
P<O.OOl  
PCO.016 
P=0.084 

14/174(8%) 
35.1% 
3/18 (17%) 
P = 0.003 
P=0.026 
P=0.131 

45/175 (26%) 
45.7% 
1/18 (6%) 
P<O.OOl 
P<O.OOI 
P<O.OOl 

19/175 (11%) 
19.9% 
0118 (0%) 
P< 0.001 
P=O.O19 
P < 0.001 

20/175 (11%) 
20.5% 
0118 (0%) 
P < 0.001 
P=  0.017 
P<O.OOl 

Large Intestine: Adenomatous Polyp, Adenocarcinoma, or Mucinous Cystadenocarcinoma 
Overall Rates (c) OB5 (0%) 40/125 (32%) 62/175 (35%) 
Adjusted Rates (d) 0.0% 5 1.5% 54.4% 
Terminal Rates (e) OD6 (0%) 2/18 (11%) 1/18 (6%) 
Life Table Test (D P < 0.00 1 
Incidental Tumor Test (D P < 0.001 P<O.OOl 
Fisher Exact Test (f, P < 0.001 P < 0.001 

Overall Rates (c) 14/85 (16%) 12/124 (10%) 16/175 (9%) 
Adjusted Rates (d) 35.3% 39.8% 48.0% 
Terminal Rates (e) 6/26 (23%) 5/18 (28%) 6/18 (33%) 
Life Table Test (D P=0.463 P = 0.266 
Incidental Tumor Test (D P = 0.487N P = 0.564N 
Fisher Esact Test (0 P=D.l07N P=0.066N 

P < 0.001 

Pituitary: Adenoma 

Pituitary: Adenoma or Carcinoma 
Overall Rates (c) 18/85 (21%) 15/124(12%) 17/175 (10%) 
Adjusted Rates (d) 40.2% 44.5% 50.1 % 

6/26 (23%) 5/18 (28%) 6/18 (33%) Terminal Rates (e) 
Life Table Test (D P = 0.492 P = 0.477 

P = 0.365N P=0.260N Incidental Tumor Test (0 
Fisher Exact Test (0 P = 0.059N P= 0.012N 

P= 0.372N 
P=  0.159N 
P=0.171N 

P = 0.148 
P=0.237 
P = 0.288 

P = 0.376 
P=0.479 
P = 0.483 

P = 0.077 
P = 0.085 
P=O.O81 

P = 0.142 
P=0.156 
P=0.153 

P=0.248 
P = 0.326 
P=0.311 

P=0.402 
P = 0.566 
P=O.S14N 

P = 0.564N 
P = 0.374N 
P = 0.318N 
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TABLE El.  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY O F  
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS PLUS 1,2-DIMETHYLHYDRAZINE 

DIHYDROCHLORIDE (Continued) 

CONTROL IR t DMH vs 
(UNTR) DMH(a) DMH(b) IR t DMH 

Adrenal: Pheochromocytoma 
Overall Rates (c) 16/85 (19%) 20/125 (16%) 

Terminal Rates (e) 8/26 (31%) 9/18 (50%) 
Life Table Test (0 
Incidental Tumor Test (0 
Firher Exact Tent (0 

Adjusted Rates (d) 41.6% 59.9% 

P = 0.085 
P = 0.239 
P =0.362N 

Adrenal: Pheochromocytoma or Pheochromocytoma, Malignant 
Overall Rates (c) 17/86 (20%) 20/125 (16%) 
Adjusted Rates (d) 43.4% 59.9% 
Terminal Ratee (e) 8/26 (31%) 9/18 (50%) 
Life Table Tent (0 P=O.116 
Incidental Tumor Test (0 P = 0.306 
Fisher Exact Test (0 P=0.286N 

Thyroid Follicular Cell Adenoma 
Overall Rates (c, 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Thyroid Follicular Cell Carcinoma 
Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

1/84(1%) M24 (1%) 
2.1% 2.8% 
Of26 (0%) 0/18 (0%) 

P=0.720 
P = 0.762 
P = 0.646N 

6/84 (6%) W124 (6%) 
13.1% 29.9% 
2/26 (8%) 4/18 (22%) 

P=0.130 
P-0.171 
P-0.564 

Thyroid Follicular Cell Adenoma or Carcinoma 
Overall Rates (c) 6/84 (7%) 9/124 (7%) 
Adjusted Rates (d) 14.9% 3 1.8% 
Terminal Rates (e) 2/26 (8%) 4/18 (22%) 
Life Table Test (0 P = 0.138 
Incidental Tumor Test (0 P=0.184 
Fisher Exact Test (0 P = 0.600 

Thyroid C-cell Adenoma 
Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Thyroid C-cell Carcinoma 
Overall Rates ( c )  
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

13/84 (15%) 111124 (9%) 
33.6% 22.4% 
6/26 (23%) 2/18(11%3 

P10.576 
P = 0.184N 
P=O.lOSN 

19/84 (23%) 15/124(12%3 
42.4% 38.3% 
6/26 (23%) 3/18 (17%) 

P = 0.559N 
P = 0.184N 
P = 0.035N 

Thyroid: C-cell Adenoma or Carcinoma 
Overall Rates (c) 30/84 (36%) 25/124 (20%) 
Adjusted Rates (d) 60.3% 52.4% 
Terminal Rates (e) 10/26 (38%) 5/18 (28%) 
Life Table Test (n P=0.529 
Incidental Tumor Test (0 P=0.069N 
Fisher Exact Test (0 P = 0.01 1N 

33 1 

W175 (19%) 
68.5% 
8/18 (44%) 
P=0.002 P=0.102 
P = 0.050 P = 0.204 
P 5 0.625 P = 0.272 

W175 (19%) 
68.5% 
8/18 (44%) 
P=0.003 P = 0.102 
Pr0.078 P=0.204 
P = 0.519N P = 0.272 

14/175 (8%) 
28.6% 
2/18 (11%) 
P=O.OOl P = 0.003 
P=O.O11 P = 0.006 
P=0.020 Pt0.003 

W176 (8%) 
19.7% 
0118 (0%) 
P = 0.045 
P=0.246 
P=0.377 

P = 0.299 
P = 0.403 
P = 0.394 

28/175 (16%) 
42.7% 
2/18(ll%) 
P < 0.00 1 P=O.OlO 
P=O.O09 Pm0.020 
P=0.034 P=0.017 

18/175 (10%) 
31.9% 
1\18 (6%) 
P = 0.225 Pz0.291 
P-0.461N P =0.43 1 
P=  0.159N P=0.421 

21/175 (12%) 
44.6% 
3/18 (17%) 
P=0.361 P=0.385 
P = 0.124N 
P = 0.024N 

P = 0.538N 
P = 0.559N 

37/175 (21%) 
61.5% 
4/18 (22%) 0 

P=0.183 Pr0.258 
P=0.134N P = 0.499 
P=O.OllN P = 0.477 
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TABLE E5. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS PLUS 14-DIMETHYLHYDRAZINE 

DIHYDROCHLORIDE (Continued) 

CONTROL IR + DMH vs 
(UNTR) DMH(a) DMH(b) IR t DMH 

Pancreatic Islets: Islet Cell Adenoma 
Overall Rates (c) 5/85 (6%) M24 (1%) 
Adjusted Rates (d) 12.7% 5.6% 
Terminal Rates (e) 2/26 (8%) 1/18 (6%) 
Life Table Test (D P=0.166N 
Incidental Tumor Test (D P= 0.091N 
Fisher Exact Test (D P=0.042N 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 
Overall Rates (c) 8/85 (9%) 71124 (6%) 
Adjusted Rates (d) 18.9% 28.7% 
Terminal Rates (e) 3/26 (12%) 4/18 (22%) 
Life Table Test (D P = 0.509 
Incidental Tumor Test (0 P=0.577N 
Fisher Exact Test (D P= 0.221N 

Preputial Gland Carcinoma 
Overall Rates (c) 3/88 (3%) 7/125 (6%) 
Adjusted Rates (d) 7.1% 13.6% 
Terminal Rates (e) 0/26 (0%) 0/18 (0%) 
Life Table Test (0 P=0.114 
Incidental Tumor Test (0 P=0.320 
Fisher Exact Test (0 P-0.346 

Preputial Gland Adenoma or Carcinoma 
Overall Rates (c) 4/88 (5%) 7/125 (6%) 
Adjusted Rates (d) 10.6% 13.6% 
Terminal Rates (e) 1/26 (4%) 0118 (0%) 
Life Table Test (D P = 0.183 
incidental Tumor Test (0 P=0.429 
Fisher Exact Test (D P = 0.496 

Testis: Interstitial Cell Tumor 
Overall Rates (c) 79/84 (94%) 112/125 (90%) 
Adjusted Rates (d) 100.0% 100.0% 
Terminal Rates (e) 26/26 (100%) 18/18 (100%) 
Life Table Test (0 P c 0.00 1 
Incidental Tumor Test (D P=0.284 
Fisher Exact Test (D P=0.193N 

Testis: Interstitial Cell Tumor or Interstitial Cell Tumor, Malignant 
Overall Rates (c) 79/84 (94%) 1131125 (90%) 
Adjusted Rates (d) 100.0% 100.0% 
Terminal Rates (e) 26/26 (100%) 18/18 (100%) 
Life Table Test (D P co.00 1 
Incidental Tumor Test (D P=0.236 
Fisher Exact Test (D P = 0.249N 

Zymbal Gland: Squamous Cell Carcinoma 
Overall Rates (c) 1/88 (1%) 15/125 (12%) 
Adjusted Rates (d) 2.5% 25.3% 
Terminal Rates (e) 0/26 (0%) 1/18 (6%) 
Life Table Test (D P<O.OOl 
Incidental Tumor Test (f) P = 0.01 1 
Fisher Exact Test (D P=0.002 

Zymbal Gland: Squamous Cell Papilloma or Carcinoma 
Overall Rates (c) 1/88 (1%) 16/125 (13%) 
Adjusted Rates (d) 2.5% 25.9% 
Terminal Rates (e) 0/26 (0%) 1/18 (6%) 
Life Table Test (D P<O.OOl 
Incidental Tumor Test (D P = 0.010 
Fisher Exact Test (0 P=O.OOl 

5/174 (3%) 
18.2% 
2/18 (11%) 
P=0.532 P = 0.123 
P=0.489N P=  0.164 
P =0.199N P = 0.206 

91174 (5%) 
30.8% 
3/18 (17%) 
P=0.381 
P=0.521N 
Pr0.153N 

10/175 (6%) 
15.6% 
0/18 (0%) 
P=0.066 
P=0.330 
P = 0.313 

10/175 (6%) 
15.6% 
0118 (0%) 
P=O.110 
P=0.431 
P=0.469 

P=0.468 
P= 0.602N 
P = 0.527N 

P=0.506 
P=0.569N 
P=0.588 

P = 0.506 
P=0.569N 
P = 0.588 

160/175 (91%) 
100.0% 
18/18 (100%) 
P<O.OOl P = 0.149 
P = 0.055 P=0.344 
P = 0.320N P=0.366 

160/175 (91%) 
100.0% 
18/18 (100%) 
P<O.OOl P=0.168 
P=0.055 P = 0.463 
P=0.320N P=0.455 

22/175 (13%) 
28.6% 
1/18 (6%) 
P < 0.00 1 
P = 0.007 
P < 0.001 

25/175 (14%) 
33.9% 
2/18 (11%) 
PCO.001 
P = 0.003 
P<O.OOl 

P=0.433 
P=0.555 
P=0.515 

P=0.344 
P=0.458 
P=O.424 
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TABLE E5. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS PLUS l$-DIMETHYLHYDRAZINE 

DIHYDROCHLORIDE (Continued) 

CONTROL IR + DMH vs 
(UNTR) DMH(a) DMH(b) IR t DMH 

Zymbal Gland: Carcinoma 
Overall Rates (c) 2/88 (2%) 
Adjusted Rates (d) 4.5% 
Terminal Rates (e) Of26 (0%) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Zymbal Gland: Papilloma or Carcinoma 
Overall Rates (c) 2/88 (2%) 
Adjusted Rates (d) 4.5% 
Terminal Rates (e) OD6 (0%) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

All Sites: Mesothelioma 
Overall Rates (c) 4/88 (5%) 
Adjusted Rates (d) 7.6% 
Terminal Rates (e) OD6 (0%) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

18/125 (14%) 
27.9% 
1/18 (6%) 
P co.001 
P = 0.016 
P=0.002 

W125 (15%) 
28.5% 
1/18 (6%) 
P c 0.00 1 
Pt0.014 
P=O.OOl 

6/125 (5%) 
17.1% 
1/18 (6%) 
P = 0.274 
P=0.562 
P=0.601 

24/175 (14%) 
30.0% 
1/18 (6%) 
P c 0.00 1 
P=0.013 
P=0.002 

27/175 (15%) 
35.1% 
2/18 (11%) 
P < 0.00 1 
P = 0.005 
P<O.OOl 

71175 (4% 1 
8.2% 
0/18 (0%) 
P=0.408 
P=0.289N 
P=0.533N 

P = 0.547 
P=0.454N 
P=0.497N 

P=0.454 
P=0.547N 
P=0.545 

P=0.552N 
P=O.CION 
P = 0.47SN 

(a) Administered 1,2-dimethylhydrazine &hydrochloride (DMH) by gavage 
(b) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet and DMH by gavage 
(c) Number of tumor-bearing animals/number of animals examined a t  the site 
(d) Kaplan-Meier estimated tumor incidence a t  the end of the study after adjusting for intercurrent mortality 
(e) Observed tumor incidence a t  terminal kill 
(0 Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between that dosed group and the 
controls. The pairwise comparison between the dosed groups is in the final column. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test regards these 
lesions as nonfatal. The Fisher exact test compares directly the overall incidence rates. A lower incidence in a doaed group than 
in the controls or in the IR plus DMH group than in the DMH group is indicated by (N). 

333 Chrysotile Asbestos, NTP TR 295 



TABLE EB. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS PLUS l&DIMETHYLHYDRAZINE 

DIHYDROCHLORIDE 

CONTROL IR + DMH vs 
(UNTR) DMH (a) DMH(b) IR + DMH 

Subcutaneous Tissue: Fibroma 
Overall Rates (c) 5/88 (6%) 
Adjusted Rates (d) 9.1% 
Terminal Rates (e) 5/55 (9%) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (c) 6/88 (7%) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Liver: Neoplastic Nodule 
Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Hematopoietic System: Leukemia 

Liver: Hepatocellular Carcinoma 
Overall Rates (e) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

10.9% 
6/65 (11%) 

34/88 (39%) 
61.5% 
24/56 (44%) 

3/87 (3%) 
5.2% 
2/55 (4%) 

1/87 (1%) 
1.8% 
1/55 (2%) 

2/126 (2%) 
8.3% 
0116 (0%) 
P=0.567 
P-0.619N 
P = 0.106N 

3/125 (2%) 
10.6% 
0116 (0%) 
P10.428 
P p  0.693N 
P = 0.1 10N 

70/125 (66%) 
86.1% 
8/16 (50%) 
P< 0.00 1 
P=0.002 
P = 0.009 

W125 (10%) 
33.5% 
3/16 (19%) 
P< 0.00 1 
P=0.027 
P=0.071 

12/125 (10%) 
36.2% 
3/16 (19%) 
P<O.OOl 
P-0.002 
P = 0.009 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (c) 4/87 (5%) 22/125 (18%) 
Adjusted Rates (d) 7.0% 54.2% 
Terminal Rates (e) 3/55 (6%) 6/16 (31%) 
Life Table Test (0 P<O.OOl 
Incidental Tumor Test (0 P<O.OOl 
Fisher Exact Test (0 P= 0.003 

Overall Rates (c) 0/87 (0%) 33/125 (26%) 
Adjusted Rates (d) 0.0% 71.0% 
Terminal Rates (e) 0/55 (0%) 8/16 (50%) 
Life Table Test (D P<O.OOl 
Incidental Tumor Test (0 P<O.OOl 
Fisher Exact Test (0 P<O.OOl 

Overall Rates (c) 0/87 (0%) 141125 (11%) 
Adjusted Rates (d) 0.0% 20.9% 
Terminal Rates (e) 0/55 (0%) 1/16 (6%) 
Life Table Test (0 P<O.OOl 
Incidental Tumor Test (0 P-0.055 
Fisher Exact Test (fi P<O.OOl 

Large Intestine: Adenomatous Polyp 

Large Intestine: Mucinous Cystadenocarcinoma 
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M76 (1%) 
0.8% 
0/27 (0%) 
P=0.258N P = 0.347N 
P=  0.182N PI: 0.340N 
P = 0.018N P = O m N  

2/175 (1%) 
1.8% 
OK27 (0%) 
P = 0.3 16N P= 0.308N 
P= 0.172N P=0.353N 
P = 0.019N P-0.346N 

93/175 (53%) 
85.8% 
15/27 (56%) 
P<O.OOI P- 0.175N 
P< 0.001 P = 0.347N 
P-0.018 P=0.365N 

21/175 (12%) 
32.4% 
3/27 (11%) 
P< 0.001 
P = 0.017 
P=0.016 

19/176 (11%) 
38.3% 
7/27 (26%) 
P< 0.001 
P < 0.00 1 
P=0.003 

38/176 (22%) 
57.4% 
9/27 (33%) 
P <0.001 
P < 0.001 
P< 0.001 

46/175 (26%) 
53.3% 
6/27 (22%) 
P<O.OOl 
P<O.OOl 
P <0.001 

16/175 (9%) 
19.3% 
2/27 (7%) 
P<O.OOl 
P=0.036 
P=O.OOl 

P = 0.446 
P = 0.3 19 
P = 0.322 

P = 0.672 
P = 0.506 
P = 0.439 

P=0.406 
P = 0.258 
P=0.233 

P = 0.390N 
P = 0.531 
P = 0.543N 

P = 0.327N 
P = 0.305N 
P=0.346N 



TABLE E6. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE LIFETIME FEED STUDY O F  
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS PLUS 1.2-DIMETHYLHYDRAZINE 

DIHYDROCHLORIDE (Continued) 

CONTROL I R  t DMH vs 
(UNTR) DMH(a) DMH(b) I R  + DMH 

Large Intestine: Adenocarcinoma or Mucinous Cystadenocarcinoma 
Overall Rates (c) 0187 (0%) 15/125(12%) 19/175(11%) 
Adjusted Rates (d) 0.0% 21.6% 24.5% 
Terminal Rates (e) 065 (0%) 1/16 (6%) 3/27(11%) 
Life Table Test (D P <o.oo 1 P<O.OOl 
Incidental Tumor Test (D P=0.055 P = 0.009 
Fisher Exact Test (D P<O.OOl P<O.OOl 

Large Intestine: Adenomatous Polm. Adenocarcinoma. or Mucinous Cystadenocarcinoma 

Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (D 
Incidental Tumor Test (D 
Fisher Esact Test (0 

Kidney: Mixed Tumor. Malignant 
Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (D 
Incidental Tumor Test (D 
Fisher Exact Test (0 

Pituitary: Adenoma 
Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (D 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Pituitary: Carcinoma 
Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (D 
Incidental Tumor Test (D 
Fisher Exact Test (f) 

Overall Rates (c) 
Adjusted Ratas (d) 
Terminal Rates (e) 
Life Table Test (D 
Incidental Tumor Test (D 
Fisher Exact Test (D 

Pituitary: Adenoma or  Carcinoma 

Adrenal: Pheochromocytoma 
Overall Rates (c) 
Adjusted Rates (d) 
Terminal Rates (e) 
Life Table Test (D 
Incidental Tumor Test (f) 
Fisher Exact Test (D 

0.0% 
0155 (0%) 

0/87 (0%) 
0.0% 
0155 (0%) 

49/87 (56%) 
68.5% 
33/55 (60%) 

4/87 (5%) 
6.7% 
3/55 (5%) 

53/87 (61%) 
73.2% 
36/55 (65%) 

8/87 (9%) 
14.2% 
7/55 (13%) 

461125 (37%) 
74.8% 
8/16 (50%) 
P <o.oo 1 
P<O.OOl 
P < 0.001 

13/125(10%) 
21.8% 
1/16 (6%) 
P<O.OOl 
P=0.073 
P< 0.001 

31/124 (25%) 
60.6% 
4/16 (25%) 
P = 0.054 
P = 0.009N 
P< 0.001N 

M24 (1%) 
6.2% 
1/16 (6%) 
P = 0.60 1 N 
P=0.398N 
P = 0.094N 

32/124 (26%) 
63.9% 
5/16 (31%) 
P = 0.064 
P = 0.004N 
P <0.001N 

61124 (5%) 
19.2% 
1/16 (6%) 
P = 0.1 49 
P = 0.588 
P = 0.166N 

Adrenal: Pheochromocytoma o r  Pheochromocytoma, Malignant 
Overall Rates (c) 10/87 (11%) 7/124(6%) 
Adjusted Rates (d) 17.8% 20.5% 
Terminal Rates (e) 9/55 (16%) 1/16 (6%) 
Life Table Test (D P=0.156 
Incidental Tumor Test (0 P = 0.589N 
Fisher Exact Test (D P=O.lOlN 
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611175 (35%) 
62.7% 
8/27 (30%) 
P< 0.00 1 
P <o.oo 1 
P co.00 1 

34/175(19%) 
30.0% 
on7 (0%) 
P<O.OOl 
P=0.022 
P< 0.001 

51/173 (29%) 
80.5% 
18/27 (67%) 
P=0.005 
P = 0.226N 
P < 0.001 N 

11173 (1%) 
1.3% 
0/27 (0%) 
P=0.336N 
P=0.104N 
P=0.045N 

52/173 (30%) 
80.8% 
18/27 (67%) 
P=O.O11 
P = 0.095N 
P < 0.001 N 

W175 (5%) 
18.0% 
2/27 (7%) 
P=0.215 
P=0.612 
P=0.117N 

9/175 (5%) 
21.2% 
3/27 (11%) 
P=0.228 
P = 0.602 
P = 0.057N 

P = 0.410N 
P=0.396N 
P=0.448N 

P = 0.291N 
P=  0.435N 
P=0.411N 

P = 0.043 
P=0.021 
P=0.023 

P = 0.472 
P=0.337 
P = 0.236 

P=0.642N 
P = 0.685N 
P = 0.662N 

P=0.497 
P = 0.355 
P=0.251 

P=0.449N 
P=0.505N 
P=0.562N 

P=0.407N 
P =0.471N 
P=0.523N 
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TABLE E& ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE LIFETIME FEED STUDY OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS PLUS 192-DIMETHYLHYDRAZINE 

DIHYDROCHLORIDE (Continued) 

CONTROL IR + DMH vs 
(UNTR) DMH (a) DMH(b) IR t DMH 

_ _ ~ ~  ~ 

Thyroid: Follicular Cell Adenoma 
Overall Rate# (c) 6/87 (7%) 

Terminal Rater (e) 6/66(11%) 
Life Table Test (fl 
Incidental Tumor Test (D 
Fisher Exact Tert (0 

Overall Rater (0) 1/87 (1%) 

Terminal Rater (e) 1/65 (2%) 
Life Table Tert (0 
Incidental Tumor Test (0 
Firher Exact Tert (0 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (c) 7/87 (8%) 
Adjusted Rates (d) 12.7% 
Terminal Rates (e) 7/55 (13%) 
Life Table Test (0 
Incidental Tumor Test (0 
Fisher Exact Test (0 

Thyroid: C-cell Adenoma 

Adjusted Rater (d) 10.9% 

Thyrold: Folllcular Cell Carclnama 

Adjurted Rater (d) 1,8% 

Overall Rates (c) 11/87 (13%) 
Adjusted Rates (d) 18.5% 
Terminal Rates (e) 9/55 (16%) 
Life Table Test (D 
Incidental Tumor Test (D 
Fisher Exact Test (D 

Thyroid: C-cell Carcinoma 
Overall Rates (c) 11/87 (13%) 
Adjusted Rates (d) 17.0% 
Terminal Rates (e) 
Life Table Test (D 
Incidental Tumor Test (0 
Fisher Exact Test (D 

6/55 (1 1%) 

Thyroid: C-Cell Adenoma or Carcinoma 
Overall Rates (c) 21/87 (24%) 

Terminal Rates (e) 14/55 (25%) 
Life Table Test (D 
Incidental Tumor Test (D 
Fisher Exact Test (D 

Mammary Gland: Adenoma 

Adjusted Rates (d) 32.3% 

Overall Rates (c) 6/88 (7%) 

Terminal Rates (e) 6/55 (11%) 
Life Table Test (D 
Incidental Tumor Test (0 
Fisher Exact Test (D 

Adjusted Rates (d) 10.9% 

Mammary Gland: Fibroadenoma 
Overall Rates (c) 49/88 (56%) 
Adjusted Rates (d) 76.1% 
Terminal Rates (e) 40155 (73%) 
Life Table Test (D 
Incidental Tumor Test (0 
Fisher Exact Test (D 
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71124 (6%) 
24.4% 
3/16 (19%) 
P 0.036 
P=0,206 
P= 0,462N 

titla4 (4%) 
14.4% 
1/16 (6%) 
P= 0.016 
P= 0,160 
P=0.211 

12/124(10%) 
36.3% 
4/16 (26%) 
P=O.OOl 
P = 0.065 
P=0.440 

91124 (7%) 
28.7% 
2/16 (13%) 
P = 0.072 
P = 0.474 
P=0.141N 

9/124 (7%) 
35.5% 
4/16 (25%) 
P = 0.093 
P = 0.537 
P=0.141N 

171124 (14%) 
55.1% 
6/16 (38%) 
P = 0.017 
P = 0.467 
P=0.040N 

W125 (2%) 
5.3% 
0/16 (0%) 
P = 0.627N 
P = 0.436N 
P=0.055N 

361125 (29%) 
82.1% 
10/16 (63%) 
P <0.001 
P = 0.269 
P <0.001N 
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91174 (6%) 
18.6% 
3/27 (11%) 
P = 0,086 
P 0.314 
P = 0,379N 

71174 (4%) 
14.0% 
2/27 (7%) 
P=0,014 
P=O.O81 
P=O.191 

16/174(9%) 
30.7% 
5/27 (19%) 
P=0.004 
P = 0.068 
P=0.478 

18/174(10%) 
32.1% 
4/27 (15%) 
P=O.O19 
P=0.398 
P = 0.358N 

12/174 (7%) 
21.6% 
1/27 (4%) 
P=0.225 
P=0.188N 
P = 0.097N 

291174 (17%) 
45.2% 
5/27(19%) 
P=0.015 
P = 0.397N 
P = 0.102N 

5/175 (3%) 
9.2% 
1/27 (4%) 
P = 0.441 
P=0.548N 
P=0.120N 

41f175 (23%) 
70.7% 
13/27 (48%) 
P=0.036 
P= 0.206N 
P< 0.001N 

P = 0.424N 
P = 0.683N 
PI= 0.627N 

P =0,64lN 
P .I 0,668N 
P.rO.610N 

P= 0.391N 
P = 0.483N 
P=0.521N 

P = 0.348 
P = 0.287 
P = 0.241 

P=0.410N 
P = 0.450N 
P=0.539N 

P = 0.472 
P = 0.381 
P = 0.298 

P = 0.443 
P = 0.404 
P=0.382 

P = 0.059N 
P = 0.030N 
P=0.180N 



TABLE Ea. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE LIFETIME FEED STUDY O F  
INTERMEDIATE-RANGE CHRYSOTTLE ASBESTOS PLUS lJ3.DIMETHYLHYDRAZINE 

DIHYDROCHLORIDE (Continued) 

DMH vm CONTROL IR + 
(UNTR) DMHW DMH(b) IR + DMH 

Mammary Gland: Adenocarcinoma 
Overall Rates (c) 5/88 (6%) 0/125 (0%) 11175 (1%) 
Adjusted Rates (d) 8.4% 0.0% 1.3% 
Terminal Rates (e) 4/55 (7%) 0116 (0%) 0127 (0%) 
Life Table Test (D P=0.170N P=0.216N (g) 
Incidental Tumor Test (n P = 0.087N P = 0.077N (g) 
Fisher Exact Test (0 P=0.012N P = O.Ol8N (g) 

Overall Rates (c) 13/87 (15%) 7/125 (6%) 151175 (9%) 
Adjusted Rates (d) 21.2% 19.6% 25.1% 
Terminal Rates (e) 9/55 (16%) 2/16 (13%) 3/27 (11%) 
Life Table Test (0 P=0.433 P = 0.158 P = 0.3 10 
Incidental Tumor Test (0 P=0.195N P = 0.306N P = 0.230 
Fisher Exact Test (0 P= 0.021N P=0.089N P=0.229 

Uterus: Endometrial Stromal Polyp 

Zymbal Gland: Squamous Cell Carcinoma 
Overall Rates (c) 1/88 (1%) 14/125 (11%) 26/175 (15%) 
Adjusted Rates (d) 1.4% 27.9% 40.2% 
Terminal Rates (e) 0/55 (0%) 0116 (0%) 5/27 (19%) 
Life Table Test (D P < 0.001 P < 0.001 P=0.338 
Incidental Tumor Test (0 P = 0.041 P < 0.001 P = 0.235 
Fisher Exact Test (n P = 0.003 P < 0.001 P = 0.229 

Zymbal Gland: Squamous Cell Papilloma or Carcinoma 
Overall Rates (c) 1/88 (1%) W125 (12%) 28/175 (16%) 
Adjusted Rates (d) 1.4% 30.1% 41.9% 
Terminal Rates (e) 0155 (0%) 0116 (0%) 
Life Table Test (0 P < 0.00 1 P < 0.001 P = 0.328 
Incidental Tumor Test (0 P=0.024 P < 0.001 P = 0.224 
Fisher Exact Test (0 P = 0.002 P<O.OOl P=0.210 

5127 (19%) 

(a) Administered 1 &dimethylhydrazine dihydrochloride (DMH) by gavage 
(b) Administered 1% intermediate-range (IR) chrysotile asbestos in the diet and DMH by gavage 
(c) Number of tumor-bearing animals/number of animals examined a t  the site 
(d) Kaplan-Meier estimated tumor incidence a t  the end of the study afier adjusting for intercurrent mortality 
(e) Observed tumor incidence a t  terminal kill 
(0 Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between that dosed group and the 
controls. The pairwise comparison between the dosed groups is in the final column. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test regards these 
lesions as nonfatal. The Fisher exact test compares directly the overall incidence rates. A lower incidence in a dosed group than 
in the controls or in the IR plus DMH group than in the DMH group is indicated by (N). 
(g) P value not calculated because of low incidence in both dose groups 
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APPENDIX F 

INCIDENCES OF TUMORS IN F344/N RATS 

RECEIVING NO TREATMENT IN 

CONTEMPORARY LIFETIME ASBESTOS STUDIES 
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TABLE F1. INCIDENCE OF EPITHELIAL TUMORS OF THE LARGE INTESTINE IN MALE F344/N RATS 
RECEIVING NO TREATMENT IN LIFETIME STUDIES 

Asbestos Studies Incidence Diagnosis 

SR Chrysotile 
IRChrysotile 
Tremolite 
Crocidolite 

Amosite 

TOTAL 
SD (a) 

Oi87 (0.0%) 
0/85 (0.0%) 

111 18 (0.8%) 
W117 (0.8%) 
111 17 (0.8%) 
0/117 (0.0% ) 

3/524 (0.6%) 
0.8% 

Adenomatous polyp, NOS 
Adenomatous polyp, NOS 
Carcinoma, NOS 

~ ~ 

(a) Standard deviation 

TABLE F2. INCIDENCE OF INTEGUMENTARY SYSTEM KERATOACANTHOMAS IN MALE F344/N RATS 
RECEIVING NO TREATMENT IN LIFETIME STUDIES 

Asbestos Studies Incidence 

SR Chrysotile 
IR Chrysotile 
Tremolite 
Crocidolite 
Amosite 

TOTAL 
SD (a) 

5/88 (6%) 
1/88 (1%) 

6/118 (5%) 
4118 (3%) 
4117 (3%) 

20/529 (3.8%) 
1.8% 

~~~ 

(a) Standard deviation 
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TABLE F3. INCIDENCE O F  CLITORAL GLAND TUMORS IN FEMALE F344/N RATS RECEIVING NO 
TREATMENT IN LIFETIME STUDIES 

Asbestos Studies 
All All Adenoma o r  

Adenoma Carcinoma Carcinoma 

SR Chrysotile 
IR Chrysotile 
Tremolite 
Crocidolite 
Amosite 

TOTAL 
SD (a) 

1/88 (1%) 2/88 (2%) 
0188 (0%) 1/88 (1%) 
011 18 (0%) 611 18 (5%) 
1/118(1%) 5/118 (4%) 
01117 (0%) 611 17 (5%) 

3/88 (3%) 
1/88 (1%) 
6/118 (5%) 
611 18 (5%) 
6/117 (5%) 

2/529 (0.4%) 201529 (3.8%) 22/529 (4.2%) 
0.6% 1 .B% E .7% 

~~~ ~ ~~~ ~ 

(a) Standard deviation 

TABLE F4. INCIDENCE O F  ADRENAL GLAND TUMORS IN MALE F344/N RATS RECEIVING NO 
TREATMENT IN LIFETIME STUDIES 

Asbestos Studies 
Malignant All 

Pheochromocytoma Pheochromocytoma Pheochromocytoma 

SR Chrysotile 
IR Chrysotile 
Tremolite 
Crocidolite 
Amosite 

TOTAL 
SD (a) 

25/88 (28%) 2/88 (1%) 26/88 (30%) 
16/85 (19%) 1/85 (1%) 17/85 (20%) 

3/118 (3%) 4111 18 (35%) 38/118 (32%) 
3311 17 (28%) 21117 (2%) 35/117 (30%) 
39/117 (33%) 3/117 (3%) 39/117(33%) 

1511525 (28.8%) 101525 (1.9%) 158/525 (30.1%) 
5.7% 0.7% 5.8% 

(a) Standard deviation 

TABLE FS. INCIDENCE OF MESOTHELIOMAS IN MALE F344/N RATS RECEIVING NO TREATMENT IN 
LIFETIME STUDIES 

Asbestos Studies NOS Malignant Malignant o r  NOS 

2/88 (2%) SR Chrysotile 0188 (0%) 2/88 (2%) 
IR Chrysotile 3/88 (3%) 21a8 (2%) 5/88 (6%) 
Tremolite 011 18 (0%) 10/118(8%) 101118 (8%) 
Crocidolite llll8 (1%) 411 18 (3%) 511 18 (4%) 
Amosite 0/117iO%) 21117 (2%) 2417 (2%) 

TOTAL 
SD (a) 

41529 (1%) 201529 (4%) 
1.5% 2.8% 

241529 (5%) 
2.7% 

(a) Standard deviation 
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APPENDIX G 

ANALYSIS OF FORMULATED DIETS AND 

DOSE MIXTURES 
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APPENDIX G, ANALYSIS OF DIETS AND DOSE MIXTURES 

I. Analysis of Formulated Diets (Illinois Institute of Technology Research Institute) 

A. Ashing Procedure 

Five pellets were taken from each formulated diet and seven pellets from the untreated 
control diet. Each pellet was individually crushed and transferred to a tared crucible. The 
sample size was 350-500 mg of asbestos-containing diet and 1,000-1,500 mg of control diet in 
each crucible. The sample size was selected on the basis of the linear range of atomic 
absorption and the average background concentration of magnesium in the diet. 

The crucibles containing the diet were placed in a mume furnace. The temperature was 
raised slowly to 550" C to prevent loss of material by flashing and maintained overnight. The 
ashed samples were cooled to room temperature before being chemically digested. 

B. Chemical Digestion 

The chemical resistance of chrysotile asbestos to acids is poor; therefore, magnesium, a major 
constituent of chrysotile, can be extracted by hydrochloric acid. 

The ashed samples were quantitatively transferred to 100-ml beakers through the use of 
distilled water. Twenty milliliters of a 1:1:2 solution of nitric and hydrochloric acid in 
distilled water were added to each beaker. The samples were placed on a hot plate and gently 
boiled for 8 hours; hydrochloric acid and distilled water were added to maintain the 20-ml 
volume, Any sample evaporated to dryness was discarded. The samples were cooled and 
diluted. 

C. Dilution of Samples for Atomic Absorption 

The sample dilution procedure included the addition of potassium (K +), lanthanum (La3 +), 
and hydrochloric acid from a stock solution to the volumetric flask. The potassium ion 
conditions the flame; the lanthanum complexes with potentially interfering phosphates; and 
the hydrochloric acid assures a pH less than 3 in each sample. The final dilution contained 
100 mg/liter of K+ and 30 mg/liter of La3'. The sample was quantitatively transferred to the 
volumetric flask and dilution was completed. If digestion or silica removal was incomplete, 
the dilution would be cloudy and the sample discarded. 

D. Atomic Absorption Analysis 

Atomic absorption spectroscopy provides sensitive, precise analysis for magnesium at low 
concentrations. Standards, treated as the samples, were used to determine calibration curves. 
A linear calibration curve from 0 to 2 mg/liter for magnesium is typical. Calibration data 
were taken immediately before the sample data and a t  the conclusion of the sample run; spot 
checks were made throughout each sample set. The instrument response was converted to 
concentration by a calibration curve. Samples greater than 110% of the highest standard 
were diluted and reanalyzed. 

E. Results 

Results are presented in Tables G1 and G2. 
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TABLE al. ANALYSIS OF FORMULATED DIETS IN THE LIFETIME FEED STUDIES OF SHORT-RANGE 
CHRYSOTILE ASBESTOS 

Date Mlxed 
Determlned Concentration In Feed for 

Target Concentration of 10,000 ppm (1%) 

11/21/77 
12/07/77 
i2m7m 
02/01/78 
03/22/78 
06/22/78 
0711 1/78 
0911 4/78 
10MOR8 
1211 1/78 
02/16/79 
04/06/79 
06/19/79 
06/26/79 
08/28/7 9 
10/16/79 
12/03/79 
0 111 om0 
02/27/80 
04/18/80 
06/29/80 
OW1 8/80 

8,600 f 400 
11,100 f 600 
10,000 f 600 
9,100 f 900 

10,900 f 4,600 
9,300 f 600 
8,600 f 600 
8,900 f 1,200 
8,000 f 400 
9,300 f 1,700 

10,600 f 400 
10,700 f 600 
10,600 f 600 
8,700 f 100 
9,700 f 600 
9,100 f 400 
9,300 f 900 
8,600 f 200 

11,700 f 1,600 
9,000 f 1,200 

11,900 f 900 
10,000 f 1,100 

Mean = 9,700 f 2,100 
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TABLE GB. ANALYSIS OF FORMULATED DIETS IN THE LIFETIME FEED STUDIES OF 
INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

Date Mixed 
Determined Concentration in Feed for 

Target Concentration of 10,000 ppm (1%) 

11/21/77 
12/07/77 
12/07/77 
12/07/77 
02/10/78 
02/01/78 
03/22/78 
03/22/78 
05/22/78 
05/22178 
0711 1/78 
0711 1/78 
09/14/78 
09/14/78 
10/30/78 
10/30/78 
12/15/78 
12/15/78 
02/15/79 
0211 5/79 
04/06/79 
0460179 
05/09/79 
05/09/79 
06/26/79 
08/28/79 
08/28/79 
10116179 
10/16/79 
12/03/79 
12/03/79 
01/10/80 
01/10/80 
02/27/80 
02/27/80 
04/18/80 

05/29/80 
07/18/80 

o m ~ i a o  

8,900 f 1.000 
10,200 f 500 
10,800 f 800 
10,400 f 1,000 
10,200 f 1,100 
10,400 f 1,400 
10,900 f 700 
11,000 f 1,000 
10,200 f 700 
9,900 f 2,300 
9,300 f 300 
9,100 f 700 
9.000 f 400 
9,100 f 1,200 
9,100 f 200 
8,500 f 900 

10,400 f 1,200 
10,900 f 800 
10,200 f 2,600 
11,100 f 500 
11,000 f 500 
11,600 f 2,400 
10,000 f 1.000 
10,700 f 700 
9,500 f 500 

10,000 f 500 
9,900 f 500 

11,500 f 200 
10,200 f 100 
9,900 f 500 

10,700 f 400 
9,400 f 400 

10,100 f 600 
12,900 f 800 
12,900 f 900 
9,100 f 300 

11,400 f 1,000 
10,200 f 900 
10,000 f 2,000 

Mean = 10.272 f 983 

Chrysotile Asbestos, NTP TR 295 346 



APPENDIX G. ANALYSIS OF DIETS AND DOSE MIXTURES 

II. 1,2-Dimethylhydrazine Dihydrochloride (DMH) Solution Analysis 
(Hazleton Laboratories, America) 

0 Solutions were analyzed approximately 1 hour before dosing and the evening after dosing. A 
colorimetric method was followed which used pentacyanoamino ferrate as the color reagent 
and DMH as the standard. 

0 A fresh aqueous Nas[Fe(CN)aNHr] (sodium pentacyanoamino ferrate) solution (20 mg/ml) 
was prepared daily. 

0 A fresh stock solution of DMH in 0.2 M acetate buffer pH 5.0 (290 pg/ml) also was prepared 
daily and kept on ice after preparation. 

0 A borate buffer (0.05 M) was adjusted to pH 8.5 with 0.1 M sodium hydroxide. 

0 The required amounts of dosing solution were prepared in glass containers with acetate 
buffer as the solvent. 

0 Aliquots of each dosing solution were taken before dosing for a qualitative determination by a 
UV scan from 350 nm to 220 nm, which was run on a Beckman DK-2A Spectrophotometer with 
acetate buffer as the reference. 

0 Colorimetric quantitative analysis of samples collected before and after dosing was performed 
by the addition of 2.5 ml of the pentacyanoamino solution (0.2 ml stock diluted with 7.8 ml 
borate buffer) to 0.5 ml of sample or 0.5 ml of reference (acetate b d e r ) ;  0.05 ml of 50% aqueous 
hydrochloric acid was added to both solutions, and they were mixed thoroughly. The color was 
read immediately at 536 nm on a spectrophotometer. 

0 The results were compared with a standard curve for DMH. 
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TABLE G3. ANALYSIS OF DOSE MIXTURES OF 13-DIMETHYLHYDRAZINE DIHYDROCHLORIDE IN 
THE LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS (a) 

~~ 

Dosing Date 
Gravimetric Analytical 

(mg/ml) (mg/ml) 
Sex Concentration Concentration 

02/22/78 Predose Male 

Female 

Postdose Male 

Female 

03/08/78 Predose Male 

Female 

Postdose 

03/22/78 Predose 

Postdose 

04/05/78 Predose 

Postdose 

04/19/78 Predose 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Postdose Male 

Female 

3.84 

7.79 

3.87 

7.73 

3.87 

7.76 

3.88 

7.66 

3.88 

7.75 

2.70 
2.70 
4.56 
5.06 

2.27 
2.53 
4.05 
4.19 

3.85 
3.92 
7.40 
7.54 

1.62 
2.02 
3.75 
2.80 

2.70 
2.92 
7.40 
7.40 

2.20 
2.40 
4.20 
3.80 

1.27 
1.20 
5.20 
5.30 

2.66 
2.65 
5.30 
5.30 

2.36 
2.92 
6.83 
5.35 

2.53 
1.91 
2.36 
2.92 

(a) Values represent milligrams of 1,2-dimethylhydrazine dihydrochloride per milliliter ofacetate buffer. 
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APPENDIX H 

FEED AND COMPOUND CONSUMPTION BY RATS IN THE 

LIFETIME FEED STUDIES OF CHRYSOTILE ASBESTOS 
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TABLE H1. FEED AND COMPOUND CONSUMPTION BY MALE RATS IN THE LIFETIME FEED STUDY 
OF SHORT-RANGE CHRYSOTILE ASBESTOS 

Control Dosed Group 
Grams Body Grams Body D o s e d  Dose/ 
F e e d  Weight F e e d  Weight Control (b) Day (c) 

Week Dar(a) (grams) Day (a) (grams) (grams) 

7 
8 
9 

10 
12 
13 
14 
15 
16 
17 
18 
19 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 

16 
17 
16 
16 
17 
17 
16 
16 
16 
18 
14 
17 
17 
18 
16 
18 
17 
17 
18 
17 
16 
16 
17 
15 

152 
175 
200 
222 
250 
262 
271 
280 
283 
296 
301 
310 
314 
366 
394 
423 
430 
452 
467 
470 
46 1 
444 
430 
376 

16 
18 
17 
18 
17 
17 
17 
17 
17 
15 
17 
17 
18 
18 
17 
18 
17 
18 
16 
17 
16 
15 
15 
16 

156 
182 
205 
224 
254 
267 
276 
286 
290 
29 1 
299 
308 
316 
356 
396 
424 
429 
45 1 
462 
470 
456 
430 
41 1 
383 

1 .o 1,053 
1 .o 965 
1.1 843 
1.1 823 
1.0 68 1 
1 .o 642 
1.1 629 
1 .o 586 
1 .o 58 1 
0.8 515 
1.2 554 
1 .o 552 
1 .o 556 
1 .o 502 
1.1 437 
1 .o 43 1 
1 .o 386 
1 .o 393 
0.9 343 
1 .o 368 
1 .o 35 1 
0.9 339 
0.9 361 
1.1 410 

Mean 17 334 17 334 1 .o 554 
SD (d) 1 .o 1 .o 0.1 199.7 
CV (e) 5.7 6.1 8.1 36.0 

(a) Grams offeed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Milligrams of short-range chrysotile asbestos consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation =(standard deviatiodmean) X 100 
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TABLE Ha. FEED AND COMPOUND CONSUMPTION BY FEMALE RATS IN THE LIFETIME FEED 
STUDY OF SHORT-RANGE CHRYSOTILE ASBESTOS 

Control Dosed Grow 
Grams Body Grams Weight Body Control Dosed/ (b) Day Dose/ (c)  
Feed/ Weight Feed/ 

Week Day (a) (grams) Day(a) (grams) (grams) 

7 
8 
9 

10 
12 
13 
14 
16 
16 
17 
18 
19 
20 
30 
40 
60 
60 
70 
80 
90 

100 
110 
120 
130 
140 

13 
13 
12 
13 
13 
12 
13 
12 
13 
12 
10 
12 
12 
12 
12 
13 
15 
14 
14 
14 
16 
14 
14 
14 
14 

124 
135 
143 
153 
163 
167 
170 
176 
174 
181 
182 
187 
188 
206 
220 
247 
262 
290 
311 
326 
332 
324 
326 
303 
293 

12 
12 
13 
13 
12 
13 
13 
13 
12 
11 
12 
12 
13 
12 
12 
14 
13 
14 
14 
14 
13 
13 
14 
12 
13 

129 
139 
149 
156 
168 
172 
175 
180 
180 
180 
181 
186 
189 
204 
223 
244 
269 
291 
316 
33 1 
328 
308 
312 
29 1 
279 

1 .o 
0.9 
1 .o 
1 .o 
0.9 
1 .o 
1 .o 
1 .o 
1 .o 
0.9 
1.2 
1 .o 
1.1 
1 .o 
1 .o 
1 .o 
0.9 
1 .o 
1 .o 
1 .o 
0.8 
0.9 
1 .o 
0.9 
1 .o 

941 
874 
844 
824 
714 
73 1 
75 1 
706 
676 
61 1 
666 
664 
673 
595 
646 
666 
478 
49 1 
429 
423 
406 
408 
453 
417 
47 1 

Mean 
SD (d) 
CV (e) 

13 223 13 223 1 .o 613 
1.3 0.8 0.1 160.4 
9.6 6.2 7.9 26.1 

(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Milligrams of short-range chrysotile asbestos consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation =(standard deviatiodmean) X 100 
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TABLE Ha. FEED AND COMPOUND CONSUMPTION BY MALE RATS IN THE LIFETIME FEED STUDY 
OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

IR IWPW 
'*y Grams Body IR/ Dose1 Grams Body IR/PWI Dose/ 

Feed/ Weight Feedl Weight Control (b) Day (c) Feed/ Weight Control (b) Day (c) 
Week Day(a) (grams) Day(a) (grams) (pama) Day (a) (grams) (grama) 

8 15 
9 16 

10 16 
11 16 
12 17 
13 16 
14 17 
1s 17 
16 16 
17 16 
18 16 
19 17 
20 17 
21 15 
31 16 
41 17 
51 16 
61 17 
71 17 
81 17 
91 16 

101 15 
111 16 
121 17 
131 16 
141 16 

134 16 
169 16 
183 16 
203 16 
218 16 
23 1 17 
246 14 
256 16 
258 16 
267 17 
278 16 
286 17 
294 16 
293 17 
344 17 
393 16 
402 18 
417 16 
443 17 
460 18 
463 17 
452 16 
446 16 
423 15 
394 17 
352 18 

136 1 .o 
160 1 
180 1 
197 1 
216 1 
227 1 
234 0.9 
246 0.9 
257 1 
267 1 
276 1.1 
281 1 
290 1 
292 1.1 
333 1.1 
371 1 
396 1.1 
40 1 0.9 
424 1 
433 1 
432 1.1 
423 1.1 
415 1 
393 0.9 
359 1.1 
327 1.1 

1,103 16 
99 1 17 
889 16 
805 16 
761 17 
736 18 
611 16 
612 16 
623 17 
626 16 
580 17 
600 17 
567 17 
572 18 
519 18 
443 16 
45 1 19 
388 15 
408 17 
412 18 
384 16 
385 16 
382 17 
393 17 
48 1 15 
546 16 

148 1.1 
166 1.1 
195 1 
22 1 1 
234 1 
246 1.1 
254 0.9 
266 0.9 
276 1.1 
286 1 
295 1.1 
303 1 
312 1 
319 1.1 
365 1.1 
400 1 
419 1.1 
417 0.9 
441 1 
468 1.1 
462 1.1 
447 1.1 
426 1 
405 1 
373 0.9 
354 1 

1,110 
1,024 

828 
737 
733 
746 
613 
591 
606 
674 
567 
556 
559 
555 
495 
404 
447 
360 
376 
402 
356 
355 
389 
43 0 
406 
440 

Mean 16 319 16 306 1 .o 587 17 326 1 .o 564 
SD (d) 0.7 0.9 0.1 194.5 1 .o 0.1 200.0 
CV (e) 4.6 5.6 7.0 33.1 5.8 6.8 35.6 
~- ~ ~ 

(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Milligrams of intermediate-range chrysotile aabestoe consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coetllcient of variation =(standard deviationhean) X 100 

Chrysotile Asbestos, NTP TR 295 352 



TABLE H4 FEED AND COMPOUND CONSUMPTION BY FEMALE RATS IN THE LIFETIME FEED 
STUDY OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

Control IR IR/PW 
Grams Body G r a m  Body IR/ Dose/ Grams Body IR/PW/ Dose/ 
Feed Weight Feed/ Weight Control (b) Day (c) Feed/ Weight Control (b) Day (c) 

Week Day(a) (grams) Day(a) (prams) (prams) Day (a) (prams) (gremr) 

8 12 
9 12 
10 12 
11 11 
12 13 
13 12 
14 12 
15 12 
16 11 
17 11 
18 12 
19 12 
20 12 
21 11 
31 11 
41 11 
61 13 
61 12 
71 13 
81 13 
91 12 
101 12 
111 14 
121 13 
131 13 
141 13 

119 11 
131 12 
141 11 
144 12 
154 11 
168 12 
166 11 
166 10 
187 12 
169 12 
173 11 
176 12 
180 12 
178 12 
196 12 
219 11 
236 13 
269 12 
280 13 
303 13 
323 13 
330 13 
329 13 
324 12 
308 13 
286 13 

114 0 3  
126 1 
134 0.9 
143 1 
149 0,9 
161 1 
164 0.9 
157 03 
162 1 
166 1,l 
169 1 
171 1 
176 1 
176 1.1 
1 90 1 
207 0.9 
224 1.1 
251 1 
272 1 
29 1 1 
302 1.1 
303 1.1 
303 0.9 
300 0.9 
268 1 
255 1 

990 12 
962 13 
842 12 
819 12 
767 12 
795 13 
696 11 
648 11 
733 12 
723 12 
668 11 
893 12 
661 11 
869 12 
609 12 
61 1 11 
699 13 
472 11 
467 14 
467 14 
435 12 
438 14 
420 16 
410 16 
490 14 
515 14 

116 1 
130 1 
140 1 
161 1 
155 0.9 
159 1-1 
164 0-9 
168 0.9 
173 1 
175 l a 1  
180 1 
182 1 
184 1 
189 1.1 
201 1.1 
223 1 
241 1.1 
257 0.9 
277 1 
303 1.1 
313 1 
320 1.2 
315 1.1 
315 1.1 
301 1.1 
287 1 

1,071 
967 
847 
766 
765 
791 
697 
663 
869 
894 
635 
636 
62 1 
627 
697 
512 
657 
434 
490 
463 
397 
46 1 
467 
463 
465 
473 

Mean(d) 12 216 12 204 1 .o 633 12 216 1 .o 623 
SD (d) 0.8 0.9 0.1 165.8 1.1 0.1 171.0 
CV (e) 6.5 7.5 7.4 26.2 9.1 6.8 27.4 

(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Milligrams of intermediate-range chrysotile asbestos consumed per day per kilogram ofbody weight 
(d) Standard deviation 
(e) Coefficient of variation =(standard deviationhean) X 100 
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TABLE HI. FEED AND COMPOUND CONSUMPTION BY MALE RATS RECEIVING DMH WITH AND 
WITHOUT INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS IN THE LIFETIME FEED STUDY 

OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

Control DMH DMH DIUS I R  
Grams Body DMHI Grams Body DMH+IR/ Dose/ Grams Body 

Feed Weight Fee& Weight Control (b) Feed Weight Control (b) Day (c) 
Week Day(a) (grams) D a y W  (grams) (grams) Day(a) (grams) (grams) 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
31 
41 
51 
61 
71 
81 
91 
101 
111 
121 
131 

15 
16 
16 
16 
17 
16 
17 
17 
16 
16 
15 
17 
17 
15 
16 
17 
16 
17 
17 
17 
16 
15 
16 
17 
16 

134 15 
159 15 
183 16 
203 16 
218 17 
231 16 
246 17 
256 17 
258 16 
267 14 
278 16 
285 17 
294 17 
293 15 
344 17 
393 16 
402 19 
417 16 
443 18 
460 16 
463 16 
452 15 
446 17 
423 18 
394 17 

131 
150 
177 
199 
216 
226 
245 
252 
259 
262 
274 
282 
294 
290 
340 
390 
416 
42 1 
446 
452 
462 
461 
447 
410 
374 

f.0 
0.9 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
0.9 
1.1 
1 .o 
1 .o 
1 .o 
1 .o 
0.9 
1.1 
0.9 
1 .o 
0.9 
1 .o 
1 .o 
1 .o 
1.1 
1.1 

15 
16 
16 
16 
16 
16 
15 
15 
16 
15 
17 
17 
17 
17 
17 
16 
18 
15 
17 
17 
16 
16 
17 
17 
16 

134 1 .o 
154 1 .o 
181 1 .o 
197 1 .o 
214 1 .o 
221 1 .o 
233 0.9 
242 0.9 
253 1 .o 
261 1 .o 
270 1.1 
277 1 .o 
281 1 .o 
288 1.1 
332 1.1 
370 1 .o 
390 1.1 
402 0.9 
423 1 .o 
426 1.0 
437 1 .o 
42 1 1.1 
407 1 .o 
387 1 .o 
362 1 .o 

1,087 
1,030 
876 
798 
741 
718 
638 
620 
638 
59 1 
619 
619 
605 
595 
521 
429 
465 
370 
395 
402 
373 
390 
42 1 
443 
430 

Mean 16 318 16 315 1 .o 16 303 1 .o 593 
SD (d) 0.7 1 .o 0.1 0.9 0.1 198.2 
CV (e) 4.6 6.3 5.7 5.6 6.7 33.5 

(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Milligrams of intermediate-range chrysotile asbestos consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviatiodmean) X 100 
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TABLE HB. FEED AND COMPOUND CONSUMPTION BY FEMALE RATS RECEIVING DMH WITH AND 
WITHOUT INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS IN THE LIFETIME FEED STUDY 

OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

Control DMH DMH plus IR 
Grams Body Grams Body DMHI Grams Body DMHtIR/ Dose/ 
Feed/ Weight Feed/ Weight Control (b) Feed/ Weight Control (b) Day (c) 

Week Day (a) (grams) Day (a) (grams) (grams) Day (a) (grams) (grams) 

8 12 119 12 115 1 .o 11 110 0.9 1,013 
9 12 131 12 126 0.9 12 120 0.9 964 

10 12 141 12 137 1 .o 11 133 1 .o 859 
11 11 144 11 145 1.0 11 137 1 .o 803 
12 13 164 11 152 0.9 11 144 0.9 784 
15 12 158 12 152 1 .o 11 144 0.9 754 
14 12 166 12 161 1 .o 10 161 0.8 69 1 
16 12 166 12 160 1 .o 10 153 0.9 682 
16 11 167 12 162 1 .o 12 160 1 .o 741 
17 11 169 10 164 0.9 11 162 1 .o 66 1 
18 12 173 12 168 1 .o 12 166 1 .o 723 
19 12 175 13 173 1.1 12 170 1 .o 714 
20 12 180 12 179 1 .o 12 170 1 .o 714 
21 11 178 11 174 1 .o 12 173 1.1 685 
31 11 196 11 196 1 .o 12 190 1.1 617 
41 11 219 11 217 0.9 11 204 1 .o 546 
51 13 235 14 239 1.1 13 224 1 .o 593 
61 12 259 13 261 1 .o 11 247 0.9 45 1 
71 13 280 13 285 1 .o 13 267 1 .o 492 
81 13 303 13 303 1 .o 14 280 1.1 495 
91 12 323 13 316 1 .o 13 293 1 .o 444 

101 12 330 13 325 1.1 14 294 1.1 462 
111 14 329 16 314 1.1 15 284 1.1 513 

Mean 12 204 12 20 1 1 .o 11 190 1 .o 670 
SD (d) 0.8 1.2 0.1 1.1 0.1 157.2 
CV(e) 6.2 10.2 6.5 9.6 8.2 23.5 

(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Milligrams of intermediate-range chrysotile asbestos consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviationhean) X 100 

355 Chrysotile Asbestos, NTP TR 295 



Chrysotile Asbestos, NTP TR 295 356 



APPENDIX I 

PATHOGEN BURDEN IN RATS IN THE LIFETIME FEED 

STUDIES OF SHORT-RANGE CHRYSOTILE ASBESTOS 
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APPENDIX I. PATHOGEN BURDEN 

A. Pathogen Burden Summary: Fo 

Sections of brain, heart, lung, spleen, liver, kidney, small intestine, large intestine, salivary gland, 
urinary bladder, harderian gland, skin, anus, and trachea from eight male and eight female rats were 
examined microscopically (Tables 11-13]. 

Evidence of mild respiratory disease was present in all sections of lung examined. 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 a t  the bifurcation of the bronchi. These, lesions were very 
mild. 

A section of kidney from one female rat revealed an area of early nephritis with a focal area of 
regenerative tubule epithelium. This wedge-shaped lesion, producing an area of depression on the 
capsule, may have resulted from an infarction. 

The remaining tissues were not remarkable. 
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TABLE 11. INDIVIDUAL HISTOPATHOLOGIC FINDINGS IN F, RATS IN THE LIFETIME FEED STUDIES 
OF SHORT-RANGE CHRYSOTILE ASBESTOS 

Male Female 
Animal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Number 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3  

Organ and Description 7 8 9 0 1 2 3 4  5 6 7 8 9 0 1 2  

Brain 

Heart 

L w 3  
Minimal peribronchial 

Artificial collapse 
lymphoid hyperplasia 

Spleen 

Liver 

Kidney 
Regenerative tubule epithelium 
Early interstitial nephritis 

Small intestine 

Large intestine 

Salivary gland 

Urinary bladder 

Harderian gland 

Skin 

Anus 

Trachea 

x x x x x x x x  
x x x x x x x x  

1 1 1 1 1 1 1 1  

x x x x x x x x  
x x x x x x x x  
x x x x x x x x  

x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x o x x x x x  
x x x o x x x x  

x x x x x x x x  
x x x x x x x x  

1 1 1 1 1 1 1 1  
P P  

x x x x x x x x  
x x x x x x x x  
x x  x x x x x  

P 
P 

x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x o x x x x x x  
x x x x x x x x  

Q p e  of Finding: 

0 = TissueAbsent 
X = Tissue Examined and Not Remarkable 
A = Autolysis 
P = Findingpresent 

Degree of Finding: 

1 = Minimal 
2 = Slight 
3 = Moderate 
4 = ModeratelySevere 
5 = Severe 
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TABLE 1% MICROSCOPIC EXAMINATION FOR ENDOPARASITES AND BACTERIA I N  Fo RATS I N  THE 
LIFETIME FEED STUDIES O F  SHORT-RANGE CHRYSOTILE ASBESTOS 

AnimaUSpecimen 
Number (a) 

Microorganisms 
Identifled (b) 

11 719701 

11N3702 

11919703 

12019704 

12119706 

iam706 

12319707 

124/9708 

12t519709 

126l8710 

127B711 

128B712 

129/37 13 

130/3714 

1310715 

132/3716 

3 + Coliform; 1 + Prokw morgonii 

1 + Coliform; 1 + Prokw uulgarir 

3 + Coliform (3 typed 

2 + Collform (2 typed 

8 t Coliform (2 typed 

4 t Coliform (2 typed; 4 t Prokw uulgariu 

4 + Coliform; 4 + Prokw uulgarh 

No growth 

1 + Coliform 

1 + Coliform; 1 + Prokur uulgaris 

2 + Coliform; 1 + Protew uulgorie 

2 + Coliform (2 types) 

1 + Coliform 

3 + Coliform (2 types); 1 + Proteus vulgaris 

2 + Coliform (2 types) 

2 + Coliform (2 types) 

(a) Date of specimen: 9/28/77 
(b) Lung, spleen, fecee, and tracheal wash were examined for each specimen; no growth observed in the spleen or lungs; no 
mycoplasma isolated from tracheal washings. 
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TABLE IS. MURINE VIRUS ANTIBODY DETERMINATION IN Fo RATS IN THE LIFETIME FEED 
STUDIES OF SHORT-RANGE CHRYSOTILE ASBESTOS 

Sample Corndement Fixation 
Number Sendai LCM 

701 - 
702 - - 
703 - - 
704 - - 
706 
706 
707 - - 
708 - - 
709 - - 
710 - - 
711 - - 
712 - - 
713 - - 
714 - - 
716 - - 
716 - - 

- - - - 

Significant titer 10 10 
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APPENDIX I. PATHOGEN BURDEN 

B. Pathogen Burden Summary: F1 

Sections of brain, heart, lung, spleen, liver, kidney, small intestine, large intestine, salivary gland, 
urinary bladder, harderian gland, skin, anus, and trachea were examined from four males and four 
females in the untreated control group and four males and four females in the 1% SR chrysotile group 
that were killed for pathology burden (Tables I4 and 15). 

Evidence of early spontaneous respiratory disease was present in the lungs of all rats examined. In 
one control male and two SR chrysotile males, only small foci of mononuclear cells were present adja- 
cent to the bronchioles. In the remaining rats, minimal-to-slight peribronchial lymphoid hyperplasia 
was present. Agonal hemorrhage occurred in one control female. 

In sections of kidney, foci of regenerative tubule epithelium and foci of mononuclear cells were noted 
in one control male. Foci of mineralization were noted at the corticomedullary junction of two females 
in the control and $R chrysotile groups. 

Focal nonsuppurative tracheitis occurred in one control male. 

The remaining tissues examined were not remarkable. 
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TABLE 14. INDIVIDUAL HISTOPATHOLOGIC FINDINGS IN FI RATS IN THE LIFETIME FEED STUDIES 
O F  SHORT-RANGE CHRYSOTILE ASBESTOS 

Untreated Control Short-Range 
Male Female Male Female 

Animal 1 1 i a a a a a a a a a  a a a a  
Number 9 9 9 0 0 0 0 0 0 0 0 0  0 1 1 1  

Organ and Description 7 8 9 0  1 3 3 4  5 6 7 8  9 0 1 8  

Brain 

Heart 

La of mononuclear celb 
Peribronchial lymphoid 

Agonal hemorrhage 
hyperplaria 

Spleen 

Liver 

Kidney 

Noneuppurative pericholangitis 

Foci of regenerative tubule 

Foci of mononuclear cellr 
Foci of mineralization 

epithelium 

Small intestine 

Large intestine 

Salivary gland 

Urinary bladder 

Harderian gland 

Skin 

Anus 

Trachea 
Focal noneuppurative tracheitis 

x x x x  x x x x  
x x x x  x x x x  

P P 

1 2 2  2 1 2  

x x x x  x x x x  
x x x x  x x x x  

x x x  x x x x  
P 
P 

x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x o x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x  x x x x  

P 

x x x x  x x x x  
x x x x  x x x x  

1 1 1 1  2 1 2 2  
P 

x x x x  x x x x  
x x  x x x x  

1 1  

x x  0 X 

P P  P P 

x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  

Type of Finding: 

0 = TiasueAbsent 
X = Tiseue Examined and Not Remarkable 
A = Autolysis 
P = FindingPreaent 

363 

Degree of Finding: 

1 = Minimal 
2 = Slight 
3 = Moderate 
4 = ModeratelySevere 
6 = Severe 
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TABLE 15. MICROSCOPIC EXAMINATION FOR ENDOPARASITES AND BACTERIA IN Fi RATS IN THE 
LIFETIME FEED STUDIES OF SHORT-RANGE CHRYSOTILE ASBESTOS 

AnimaVSpecimen 
Number (a) 

Microorganisms 
Identified (b) 

- 

197I3880 

198/3881 

19913882 

200B883 

201/3884 

202/3885 

203I3886 

204l3887 

205B888 

206/3889 

207/3890 

208/3891 

209/3892 

210/3893 

21 113894 

2 12/3896 

3 + Group D Streptococcus; 1 + Micrococcus; 1 + Coliform; 
1 + Proteus vulgaris 

1 + Coliform; 4 + Group D Streptococcus; 3 + Micrococcus 

1 + Coliform; 3 + Group D Streptococcus; 3 + Micrococcus 

1 + Coliform; 3 + Group D Streptococcus; 3 + Micrococcue 

1 + Coliform; 3 + Group D Streptococcus; 3 + Micrococcus 

1 + Coliform; 1 + Proteue vulgorie; 3 + Group D Streptococcus; 
3 + Micrococcus 

1 + Coliform; 4 + Group D Streptococcus 

1 + Coliform; 1 + Proteus vulgaris; 4 + Group D Streptococcus; 
1 + Micrococcus 

1 + Proteus vulgaris; 4 + Group D Streptococcus; 4 + Staphylococcus 
epidermidis; 3 + Micrococcus 

1 + Coliform; 4 + Group D Streptococcus; 4 + Staphylococcus epidermidis; 
1 + Proteus vulgaris 

4 + Group D Streptococcus; 3 + Micrococcus 

1 + Coliform; 3 + Group D Streptococcus; 3 + Staphyloeacus epidcrrnidis 

1 + Coliform; 3 + Micrococcus; 1 + Proteus vulgarie, 3 + Stuphylococcw 
epiderrnidis; 3 + Group D Streptococcus 

1 + Coliform; 3 + Staphylococcus epiderrnidis 

No growth 

1 + Coliform; 1 + Proteus vulgaris; 3 + Staphylococcus epiderrnidis 

(a) Date of specimen: 1/26/78 
(b) Lung, spleen, feces, and tracheal wash were examined for each specimen; no growth observed in the spleen or lungs; no 
my~plarrma iaoIatad from tracheal washings. 
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APPENDIX J 

PATHOGEN BURDEN IN RATS IN THE LIFETIME FEED 

STUDIES OF INTERMEDIATE-RANGE 

CHRYSOTILE ASBESTOS 
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APPENDIX J. PATHOGEN BURDEN 

I. Pathogen Burden Procedures 

A. Types of Specimens Obtained: 

1. Feces: flotation Bac-T and stereomicroscopic dissection 
2. Blood: smear and staining (intracellular parasites) 
3. Tracheal wash: mycoplasma 
4. Body tissue: gross necropsy, histopathologic examination, and Bac-T 
5. Blood serum: viral antibody profile 
6. Scotch Tape impression slides: microscopic for ectoparasites 

B. Methods 

1. Fecal Flotation: modified zinc sulfate concentration method 

a. Zinc sulfate (USP) solution (ZnSO4) a t  a specific gravity of 1.1 8 and a small aliqua, of 
fecal material (15:l) are mixed in a standard centrifuge tube until well suspended. 

b. ZnSO4 is added to the suspension until the tube is in a near overflow position. 

c. A slide coverslip is placed over the top of the centrifuge tube and allowed to stand for a 
minimum of 5 minutes. 

d. The slide coverslip is then removed and placed on an appropriately sized microscope 
slide for examination. (One drop of Iodine Stain for wet-mount fecal examination was 
employed infrequently in some cases.) 

e. Composite fecal samples for flotation were obtained from three sites: lower colon, cecum, 
and jejunum. 

f. Fecal samples from these sites were also dissected and examined under a 
stereomicroscope for the presence of endoparasites. 

g. Fecal samples from the colon were transported to the diagnostic microlaboratory in 
buffer glyceriated saline and cultured in the appropriate media for isolation and 
identification of enteric pathogens. 

2. Blood 

a. Whole blood films (two each) were made of each animal by the blood smear technique. 
These films were in turn stained (Wright’s) and microscopically examined for the presence 
of blood parasites. 

b. Approximately 1 ml of whole blood for serum harvest was obtained for viral antibody 
profile using aseptic technique. Whole blood samples were centrifuged. The serum was 
harvested, diluted 1:5 in 1N saline, and heat inactivated before shipment to an outside 
commercial laboratory for analysis. 
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APPENDIX J. PATHOGEN BURDEN 

3. Tracheal Wash (Lung) 

Aseptic tracheal washes with physiologic saline (one per animal) were obtained and placed 
in appropriate media for mycoplasm culture and identification. 

4. BodyTissue 

a. Aseptically obtained sections of spleen and lung were placed in appropriate media and 
cultured for the presence of pathogenic organisms. 

b. Body tissues as outlined for each 840 series study (16 tissues) were examined grossly at  
necropsy and placed in 10% neutral buffered formalin for histopathologic examination. 

5. Scotch Tape Impression Slides 

Ordinary scotch tape was pressed firmly against both the anus (perianal fold) and the hair 
covering at  the anterior dorsum aspect of the neck. The tape was then applied to an 
ordinary microscopic slide for low-power microscopic examination for ectoparasites and/or 
migratory intestinal parasites (pinworms). 

II. Pathogen Burden Summary: Fo 

Sections of brain, heart, lung, spleen, liver, kidney, small intestine, large intestine, salivary 
gland, urinary bladder, harderian gland, skin, anus, and trachea from eight male and eight 
female rats were examined microscopically (Tables J1 and 52). 

Evidence of early chronic respiratory disease was present in all animals: minimal-to-moderate 
peribronchial lymphoid hyperplasia (six males, seven females); focal accumulations of 
mononuclear cells (two males); focal accumulations of alveolar macrophages (one female); and 
minimal lymphoid hyperlasia (one female). 

Lymphoid hyperplasia was present in the spleen and cervical lymph nodes of a single female. 

In sections of liver, minimal nonsuppurative pericholangitis was present in two males. In 
sections of kidney, minimal focal interstitial nephritis, characterized by focal accumulations of 
mononuclear inflammatory cells, was present in two males and one female. 

The remaining tissues were not remarkable. 
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TABLE J1. INDIVIDUAL HISTOPATHOLOGIC FINDINGS IN Fo RATS IN THE LIFETIME FEED STUDIES 
OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

Male Female 
Animal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Number 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  

Organ and Deacription 3 4 5 6 7 8 9 0  1 2 3 4 5 6 7 8  

Brain x x x x x x x x  x x x x x x x x  
Heart x x x x x x x x  x x x x x x x x  
L W .  

Peribronchial lymphoid hyperplasia 1 2 2 1 2 3  
Artifactual collapse P P 
Foci of mononuclear cells P P 
Perivascular lymphoid hyperplasia 
Accumulations of alveolar macrophages 

Spleen 
Lymphoid hyperplasia 

x x x x x x x x  

Liver x x  x x x x  

Kidney x x x x  X X 

Small intestine x x x x x x x x  
Large intestine x x x x x x x x  

Nonsuppwative pericholangitis 1 1  

Focal interstitial nephritis 1 1 

Salivary gland x o x x x x x x  
Urinary bladder x x x x x x x x  
Harderian gland x x x x x x x x  
Skin x x x x x x x x  
Anus x x x x x x x x  

X 
1 1 1 1  2 1 2  

P 

1 
P 

P I X  x x x x x  
P 

x x x x x x x x  

x x x x  x x x  
1 

x x x x x x x x  
x x x x x x x x  
x x x x x o x x  
x x x x x x x x  
x x x x x x x o  
x x x x x x x x  
x x x x x x x x  

x x x x x x x x  x x x x x x x x  Trachea 

Cervical lymph nodes 
Lymphoid hyperplasia P 

Type of Finding: Degree of Finding: 

0 = TissueAbsent 
X = Tissue Examined and Not Remarkable 
A = Autolysis 
P = Findingpresent 
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1 = Minimal 
2 = Slight 
3 = Moderate 
4 = Moderately Severe 
5 = Severe 

368 



TABLE J% MICROSCOPIC EXAMINATION FOR ENDOPARASITES AND BACTERIA IN Fo RATS IN THE 
LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

AnimaYSpecimen 
Number (a) 

Microorganisms 
Identified (b) 

13313726 

134/3727 

13513728 

13613729 

13713730 

1381373 1 

13913732 

14013733 

14113734 

14213735 

14313736 

14413737 

14513738 

14613739 

14713740 

148B 74 1 

1 + Coliform 

1 + Coliform 

1 + Coliform; 1 + Proteus vulgaris 

1 + Coliform 

1 + Coliform; 1 + Proteus uulgaris 

1 + Coliform 

1 + Coliform 

1 + Coliform 

No growth 

2 + Coliform 

1 + Coliform; 1 + Proteus vulgaris 

1 + Coliform 

1 + Coliform 

1 + Coliform 

2 + Coliform; 1 + Proteus vulgaris 

1 + Coliform 

(a) Data of specimen: 10113177 
(b) Lung, spleen, feces, and tracheal wash were examined for each specimen; no growth observed in the spleen or lungs; no 
mycoplasma isolated from tracheal washings. 
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APPENDIX J. PATHOGEN BURDEN 

III. Pathogen Burden Summary: F1 

Sections of brain, heart, lung, spleen, liver, kidney, small intestine, large intestine, salivary 
gland, urinary bladder, harderian gland, skin, and anus were examined from four males and 
four females in the control and dosed groups of the F1 generation which were killed for 
pathology burden (Tables 53-55). 

Evidence of early chronic respiratory disease, consisting of minimal-to-slight peribronchial 
lymphoid hyperplasia, was present in nearly all animals. 

In sections of kidney, small foci of regenerative tubule epithelium were noted in the cortex of 
one dosed male. Small foci of mineralization were noted in the medullary of one dosed and two 
control females. 

The remaining tissues examined were not remarkable. 
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TABLE J3. MURINE VIRUS ANTIBODY DETERMINATION IN FS RATS IN THE LIFETIME FEED 
STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

Sample 
Number 

Complement Fixation 
Sendai LCM 

Significant titer 10 10 
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TABLE d4. INDIVIDUAL HISl'OPATHOLOGIC FINDINGS IN FI RATS IN THE LIFETIME FEED STUDIES 
OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

Untreated Control Intermediate-Range 
Male Female Male Female 

Animal 4 4 B P 2 4 9 4 4 2 4 %  2 4 ~ s  
Number 1 1 1 1 P 4 4 4 1 1 1 %  4 3 4 %  

0l.gan and Description 3 4 5 6  l 2 S 4  7 8 9 0  5 6 7 8  

Brain x x x x  x x x x  X X ' X X  x x x x  
Heart x x x x  x x x x  x x x x  x x x x  

X 

2 1  1 1 1 2  
L ~ b r o n c h m l  lymphoid 

hYPrpma 1 1 1 2  1 1 1 1  1 

Spleen x x x x  x x x x  x x x x  x x x x  
Liver 

Kidney 
Foci of regenerative tubule 

Foci of mineralization 
epithelium 

Small inbrtine 

Largeintertine 

Salivary gland 

U r i ~ r y  blndder 

Lacrimal gland 

Skin 

Anua 

x x x x  x x x x  
x x x x  x x x  

P 

x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x x  o o o x  
x x x x  x x x x  
x x x x  x o x x  
x x x x  x x x x  

x x x x  x x x x  
x x x  x x x  

P 
P 

x x x x  x x x x  
x x x x  x x x x  
x x x x  x x x x  
x x x x  x x o x  
x x x x  x x x x  
x o x x  x x x x  
x x x x  x x x x  

Type of Finding: 

0 = TbueAbsent 
X = "hue Examined and Not Remarkable 
A = Autolyrie 
P = Findingfie-nt 

Degree of Finding: 

1 = Minimal 
2 = Slight 
3 = Moderate 
4 I ModeratelySevere 
6 = Severe 
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TABLE J5. MICROSCOPIC EXAMINATION FOR ENDOPARASITES AND BACTERIA IN F1 RATS IN THE 
IJFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

AnimaYSpecimen 
Number (a) 

Microorganisms 
Identified (b) 

2 13l3897 4 + Group D Streptococcus; 1 + Micrococcus; 3 + Coliform; 
1 + Pseudomonas aeruginosa 

2143898 1 + Coliform; 4+ Group D Streptococcus; 3 + Bacillus; 1 +Proteus vulgaris 

21W3899 

216l3900 

1 + Coliform; 4 + Group D Streptococcus; 1 + Micrococcus; 
4 + Diphtheroids 

1 + Coliform; 4 + Group D Streptococcus; 1 + Micrococcus; 
4 + Diphtheroids; 1 + Stuphylococcw epidermidis 

217B901 

21m902 

1 + Coliform; 4 + Group D Streptococcus; 4 + Diphtheroids 

2 + Bacillus; 3 + Group D Streptococcus; 1 + Pseudomonas aeruginosa 

219/3903 

220l3904 

22113905 

222/3906 

1 + Colifonn; 4 + Group D Streptococcus; 3 + Micrococcus; 
4 + Diphtheroids; 1 +Proteus vulgaris; 1 + Pseudomonas aeruginosa 

3 + Bacillus; 4 + Group D Streptococcus; 3 + Micrococcus; 
1 + Pseudomonas aeruginosa 

3 + Coliform; 4 + Group D Streptococcus; 1 + Micrococcus; 
4 + Diphtheroids; 1 +Proteus morganii 

1 + Coliform; 1 + Proteus morganii; 4 + Group D Streptococcus; 
3 + Micrococcus; 3 + Diphtheroids 

22513907 1 + Bacillus; 4 + Group D Streptococcus; 1 + Micrococcus 

2243908 

22W3909 

1 + Coliform; 4+ Diphtheroids; 4 + Group D Streptococcus; 
2 + Micrococcus 

1 + Proteus uulgaris; 4 + Group D Streptococcus; 1 + Coliform; 
1 + Micrococcus 

22W910 

227l3911 

228/3912 

1 + Micrococcus; 4 + Group D Streptococcus; 1 + Pseudomonas aeruginosa 

1 + Coliform; 4 + Group D Streptococcus; 3 + Proteus vulgar& 1 + Micrococcus 

1 + Coliform; 1 + Micrococcus; 1 + Proteus vulgaris; 4+ Group D Streptococcus 

(a) Date of specimen: 2/9178 
(b) Lung, spleen, feces, and tracheal wash were examined for each specimen; no growth observed in the spleen or lungs; no 
mycoplasma isolated from tracheal washings. 
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APPENDIX K 

CLINICAL SIGNS IN RATS IN THE 

LIFETIME FEED STUDIES OF SHORT-RANGE 

CHRYSOTILE ASBESTOS 
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TABLE K1. SUMMARY O F  CLINICAL SIGNS OBSERVED IN RAT8 BEFORE MORIBUND KILL IN THE 
LIFETIME FEED STUDIES O F  SHORT-RANGE CHRYSOTILE ASBESTOS UNTREATED CONTROL (a) 

Weeks 15-19 Weeks 80-84 Weeks 85-89 Weeke 90-94 
Male Female Male F e m d e  Male Female Male Female 

Number of animals killed 
in moribund condition 

Pale 
Thin 
Hunched 
Head tilt 
Eyes pale 
Eyes lacrimating 
Dark crust or red stains 

surrounding eyes 
Depressed 
Labored respiration 
Wheezing 
Abdomen dark 
Abdomen distended and/or firm 
Palpable mass in abdomen 
Tissue mass (abscessed)-- 

inguinal, pelvis, ear, neck, nose, face, 
axilla, back, flank, or abdomen 

Alopecia 
Inactive 
Urine stains 
Red discharge around nose and 

anal area 
Bloody crust around nose and 

front paws or head 
Circling 
Loss of equilibrium 
Paralysis in hindlegs 
Muscle tone flaccid 
Testes dark 

2 3 1 2 
1 
1 

1 1 

1 

1 

1 
1 

1 

1 

1 

1 

Number of animals killed 
in moribund condition 

Pale 
Thin 
Hunched 
Head tilt 
Eyes pale 
Malocclusion 
Depressed 
Aggressive-like behavior 
Rapid respiration 
Wheezing 
Palpable mass in abdomen 
Tissue mass (abscessed).. 

inguinal, pelvis, ear, neck, nose, 
face, axilla, back, flank, or abdomen 

Extremities appeared yellow 
Unkempt 
Urine stains 
Loss of equilibrium 
Weakness in hindlegs 
Sores and alopecia on back 
Muscle tone flaccid 

4 1 
1 
3 1 
1 

1 
1 
1 
2 1 
1 
1 
3 
2 

2 

1 

Weeke 100-104 
Male Female 

3 9 
2 6 
1 3 

1 
1 

2 4 

1 3 

1 4 
1 

2 
1 1 

2 

1 
1 

3 2 
1 
1 

1 
1 

1 
1 
2 1 

1 

1 
1 
1 

1 
1 

(a)  The intervals were arbitrarily selected based on weeks when a large percentage of moribund kills occurred. Clinical signs 
observed after the last interval selected were believed not to be readily discernible from signs of aging. 
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TABLE K% SUMMARY OF CLINICAL SIGNS OBSERVED IN RATS BEFORE MORIBUND KILL IN THE 
LIFETIME FEED STUDIES OF SHORT-RANGE CHRYSOTILE ASBESTOB: SHORT RANGE (a) 

Weeks 76-79 Weeks 80-84 Weeks 85-89 Weeks 9044 
Male Female Male Female Male Female Male Female 

Number of animals killed 
in moribund condition 

Pale 
Thin 
Hunched 
Head tilt 
Eye(s) 

Pale 
Dark 
Squinted 
Bloody cruet or red stains 
Opaque 

Depremed 
Labored respiration 
Rapid respiration 
Cyanotic 
Wheezing 
Abdomen dietended and/or firm 
Abdomen dark 
Palpable mass in abdomen 
Nodule(s) 
Tissue m w  (abscesrred)-- 

head, back, ear, abdomen, 
axilla, neck, inguinal, side, 
lower midline, or flank 

Cold to touch 
Rough haircoat 
Bloody crust on lower midline 
or front paws and nose 

Alopecia 
Urine stains 
Soft feces 
Animal circling 
Loa of equilibrium 
Ataxia 
Muscle tone flaccid 
Vagina red and nodule protruding 
Teeter dark 
Paralyrir or partial paralysis 

in hindlep 
Inactive 

Number of animalr killed 
in moribund condition 

Pale 
Thin 
Hunched 
Herd tilt 
Eye(#) 

Pale 
Squinted 
Bloody crust or red stain8 
Red discharge 

3 5 

1 

1 1 

1 

2 
1 
2 

1 
1 

1 1 

Week8 @S.B9 
Male Female 

14 9 

4 7 
4 4 

1 

3 1 
1 

1 1 
1 

377 

4 7 

2 
3 
1 

1 1 

1 
2 

3 

1 
1 
1 

1 

2 
1 
2 

1 

1 
1 

1 

1 

6 

4 
3 

2 
1 

2 

2 

1 

1 
1 

2 

2 

1 

1 

2 

1 

Week8 100-104 
Male Female 

16 15 

6 8 
11 9 

3 2 

1 

10 

1 
3 
1 

2 

1 
3 
1 
1 
1 
3 

3 

3 

1 

1 

1 

10 

3 
3 
3 
2 

2 

1 
3 
1 
3 

2 

6 
1 

2 

3 

1 
6 

1 

3 
1 

1 
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TABLE KB. SUMMARY OF CLINICAL SIGNS OBSERVED IN RATS BEFORE MORIBUND KILL IN THE 
LIFETIME FEED STUDIES OF SHORT-RANGE CHRYSOTILE ASBESTOS SHORT-RANGE (a) 

(Continued) 

Weeks 95-99 
Male Female 

Weeks 100-104 
Male Female 

Depressed 
Labored respiration 
Wheezing 
Abdomen distended and/or firm 
Palpable mass in abdomen 
Noddeb) 
Tissue maes (abscessedkhead, back, ear, 

abdomen, axilla, neck, inguinal, side, 
lower midline, or flank 

Unkempt 
Cold to touch 
Rough haircoat 
Prostrate in cage 
Alopecia 
Urine stains 
Malocclusion 
Loss of righting reflex 
Loss of equilibrium 
Muacle tone flaccid 
Paralysis or partial paralysis in hindlegs 
Inactive 
Extremities appeared yellow 
Discharge from anus 
Right hindleg was stiff, swollen, immobile; 

sores on surface 

3 

1 
1 

1 

5 

2 

1 
1 

1 

2 
1 

1 

11 
1 

4 
1 

6 

1 

2 

(a) The intervals were arbitrarily selected based on weeks when a large percentage of moribund kills occurred. Clinical signs 
observed &r the last interval selected were believed not to be readily discernible from signs of aging. 
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APPENDIX L 

CLINICAL SIGNS IN RATS IN THE 

LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE 

CHRYSOTILE ASBESTOS 
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TABLE L1. SUMMARY OF CLINICAL SIGNS OBSERVED IN RAT% BEFORE MORIBUND KILL IN THE 
LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBEST08: 

UNTREATED CONTROL (a) 

Weeks 63-67 Weeks 08-73 Weeks 74-78 Weeks 79-83 
Male Female Male Female Male Female Male Female 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Thin 
Wheezing 
Tissue mass-chest 
hss of equilibrium or righting reflex 
Small size 
Lying in cage 
Spinning 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Pale 
Thin 
Hunched 
Eyes 
Pale 
Dark red stains around 
Squinted 

Head tilt 
Head swollen 
Wheezing 
Labored respiration 
Palpable mass in abdomen 
Tissue mass-inguinal, side of body, or leg 
Laas of equilibrium or righting reflex 
Ataxia 
Depressed 
Laes of pain perception 
Circling 
law feed consumption 
Urine stains 

Weeks 84-88 
Male Female 

4 4 

1 

1 1 
1 2 
1 

1 2 
1 
1 
2 

1 
1 
2 1 

1 

2 1 

1 

1 

1 

1 
1 

1 

Weeke 89-93 
Male Female 

1 1 

1 

1 

1 

1 

1 
1 
1 

(a) The intervals were arbitrarily selected based on weeks when a large percentage of moribund kills occurred. Clinical signs 
observed aftar the last interval selected were believed not to be readily discernible from signs of aging. 
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TABLE L2. SUMMARY O F  CLINICAL SIGNS OBSERVED IN RATS BEFORE MORIBUND KILL I N  THE 
LIFETIME FEED STUDIES O F  INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS DMH (a) 

Weeks 63-67 Weeks 68-73 Weeks 74-78 Weeks 79-83 
Male Female Male Female Male Female Male Female 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Pale 
Thin 
Hunched 
Eyes 

Pale 
Bloody crust, dark discharge 

Discharge from nose and mouth 
Reddischarge from ear 
Wheezing 
Labored respiration 
Rapid respiration 
Inactivity and/or depression 
Abdomen distended (bloated) 
and/or firm 

Palpable mass in abdomen 
Tissue maw-head, inguinal, 
neck, ear, throat, back, 
perineal, or abdomen 

Rough haircoat 
Discolored discharge around vagina 
Stains on fur 
Fecal stains 
Discolored (red) discharge or stains 

Nodule protruding from anus 
Body (extremities) had yellow 
appearance 

Animal appeared paralyzed 
Cold to touch 

around anus 

1 1 1 2 16 12 1 10 

1 5 8 

5 
1 2 
1 2 

1 
L 

1 
1 

1 1 
1 

1 
2 
1 
2 1 

1 1 
1 6 

1 

1 
1 

1 

4 2 
2 1 

1 1 

1 3 
1 

1 1 

2 
1 

1 

Weeks 89-93 
Male Female 

Weeks 84-88 
Male Female 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Pale 
Thin 
Hunched 
Eyes 

Pale 
Opaque or cloudy 
Lacrimating 
Bloody crust, dark discharge 

Bloody crust around mouth 
Red discharge from ear 
Head tilt 
Malocclusion 
Wheezing 
Labored respiration 
Circling 

13 22 6 5 

1 4 

4 a 
4 4 
4 4 

2 
1 

1 2 
3 

2 2 
1 
II 1 
1 1 

1 
1 
1 a 

2 
2 1 

1 
1 
1 

1 

381 Chrysotile Asbestos, NTP TR 295 



TABLE L2. SUMMARY OF CLINICAL SIGNS OBSERVED IN RATS BEFORE MORIBUND KILL IN THE 
LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS DMH (a) 

(Continued) 

Weeks 84-88 Weeks 89-93 
Male Female Male Female 

Inactivity and/or depression 
Abdomen distended (bloated) and/or firm 
Palpable mass in abdomen 
Tissue mass-head, inguinal, neck, ear, throat, 

Nodule 
Rough haircoat 
Swelling around vagina 
Discolored discharge around vagina 
Urine stains 
Discolored (red) discharge or stains around anus 
Nodule protruding from anus 
Body (extremities) had yellow appearance 
Muscle tone flaccid 
Soft feces 

back, perineal, or abdomen 

3 4 

1 12 

6 4 
1 

2 
1 

1 1 
2 
2 1 
1 1 

3 

1 
1 
3 4 

2 1 
2 1 
2 

1 

1 1 
1 1 

1 
1 

(a) The intervals were arbitrarily selected based on weeks when a large percentage of moribund kills occurred. Clinical signs 
observed after the last interval selected were believed not to be readily discernible from signs of aging. 
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TABLE L3. SUMMARY O F  CLINICAL SIGNS OBSERVED I N  RATS BEFORE MORIBUND KILL IN THE 
LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: 

INTERMEDIATE RANGE (a) 

Weeks 63-67 Weeks 68-73 Weeks 74-78 Weeks 79-83 
Male Female Male Female Male Female Male Female 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Pale 
Thin 
Hunched 
Eyes 
Pale 
Bloody crust surrounding both eyes 
Lacrimating 

Labored respiration 
Wheezing 
Depression 
Ataxia 
Lose of equilibrium 
Discharge (red) from anus 
Stains on fur-paws, nose, or eye 
Rough haircoat 
Abdomen distended and/or firm 
Tissue mass--axilla 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Pale 
Thin 
Hunched 
Eyes 
Pale 
Bloody crust surrounding both eyes 
Squinted 
Opaque 

Head tilt 
Malocclusion 
Labored respiration 
Wheezing 
Chest firm 
Salivating 
Alopecia 
Inactive 
Depression 
Loss of equilibrium 
Loss of righting reflex 
Discharge (red) from anus 
Discharge (red) from vagina 
Nodule 
Unkempt 
Bloody crust on paws 
Stains on fur-paws, nose, or eye 
Rough haircoat 

1 1 11 11 7 

1 1 8 6 

1 

1 
1 1 

1 
1 
1 

1 

1 1 

Weeks 84-88 Week 89-93 Weeks 94-98 
Male Female Male Female Male Female 

7 

2 
4 
1 

1 
1 
1 
1 
1 

1 
1 

3 

1 
2 

6 8 

2 
2 2 
2 2 

4 4 

1 

1 
1 

1 2 

1 

2 2 

1 

383 

9 6 

1 

3 4 

1 

1 

1 
1 
1 1 
1 1 
1 

2 
2 

1 2 

1 

1 

1 

11 

4 
2 

5 

3 
1 
1 

3 
5 
2 
1 

2 2 

1 

1 
1 

1 

1 

1 

1 

1 

1 

Weeks 89.103 
Male Female 

11 

6 
8 

1 

1 

1 
4 
1 

2 

1 

13 

8 
4 

1 

2 
3 
2 

1 
1 
1 
1 
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TABLE L& SUMMARY OF CLINICAL SIGNS OBSERVED IN RATS BEFORE MORIBUND KILLIN THE 
LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS 

INTERMEDIATE RANGE (a) (Continued) 

Weeks 84-88 Weeks 89-93 Weeks 94.98 Weeks 99-103 
Male Female Male Female Male Female Male Female 

Abdomen distended and/or firm 
Abdomen dark 
Palpable mass in abdomen 
Tissue mass-head, neck, axilla, 

chest, mouth, neck, shoulder, 
hip, or lower midline 

Cold to touch 
Animal prostrate in cage 
Extremities yellow 
Scrotum dark 
Muscle tone flaccid 
Spmtic movement 
Paralpin--flaccid 
Protruding mass from vagina 

1 2 
2 

3 2 3 1 6 3 7 

2 3 
1 

3 2 2 4 2 

2 

2 
3 1 

1 
1 

1 

(a) The intervab were arbitrarily selected based on weeks when a large percentage of moribund kills occurred. Clinical signs 
observed after the last interval selected were believed not to be readily discernible from signs of aging. 
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TABLE L4. SUMMARY OF CLINICAL SIGNS OBSERVED IN RATS BEFORE MORIBUND IULL IN THE 
LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS: IR t DMH (a) 

Weeks 69.67 Weeks 68-73 Weeke 14-78 Week8 7s-85 
Male Female Male Female Male Female Male Female 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Pale 
Thin 
Hunched 
Eyes 
Pale 
Lacrimating 
Red discharge and/or bloody 
(dark) crust surrounding eye(s) 

Bloody crust around nose 
Ears appeared yellow 
Dark red crust in ear or red 

discharge from ear 
Swelling around neck 
Wheezing 
Labored respiration 
Depression or inactivity 
Tissue mass-inguinal, axilla, chest, 

perineal, ear, head, neck, or side 
of body 

Abdomen distended (bloated) 
Abdomen firm 
Palpable mass in abdomen 
Nodule protruding from anus 
Discharge (red) from anus 
Discolored discharge from vagina 
Urine stains 
Fecal stains or soft feces 
Rough haircoat 
Cold to touch 
Alopecia 
Yellowish appearance or extremities 

Movement absent in hindlegs 
Discolored urine 
Scrotum dark 

appeared yellow 

Number of animals killed 

Number of animals with no 
clinical signs reported 

Pale 
Thin 
Hunched 
Eyes 
Pale 
Dark 
Opaque 
Red discharge andlor bloody 
(dark) crust surrounding eye(s) 

in moribund condition 

Red discharge from mouth 

1 

2 

1 
1 

1 

1 

1 

1 
1 

2 

Weeks 84-88 
Male Female 

13 18 

1 7 

1 7 
3 7 
2 1 

3 

1 
1 

3 

1 

2 

1 

2 

3 
2 

2 
1 

1 

1 

1 

17 10 

14 8 

1 

1 
1 

1 

1 

Weeks 89-93 
Male Female 

8 5 

2 

2 
3 1 

1 

2 3 
1 
1 

1 1 

13 

7 

1 

1 

1 
1 

2 
1 

1 
2 

1 
1 

1 

1 
1 

16 

7 

1 
1 

4 
1 

2 
1 

1 

2 
1 
1 
4 

3 
1 

1 
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TABLE L4. SUMMARY OF CLINICAL SIGNS OBSERVED IN RATS BEFORE MORIBOUND KILL IN THE 
LIFETIME FEED STUDIES OF INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS IR + DMH (a) 

(Continued) 

Weeks 89-93 
Male Female 

Head tilt 
Dark red crust in ear or red discharge from ear 
Wheezing 
Labored respiration 
Rapid respiration 
Depression or inactivity 
Circling 
Tissue mass--inguinal, axilla, chest, 

Abdomen distended (bloated) 
Palpable mass in abdomen 
Nodule 
Nodule protruding from anus 
Discharge (red) from anus 
Discolored discharge from vagina 
Fecal rtaine or MR feces 
Rough haircoat 
Cold to touch 
Left leg had bloody crust and discharge 
Yellowish appearance or extremities yellow 
Muscle tone flaccid 
Didored urine 

perineal, ear, head, neck, or side of body 

1 

2 
4 

4 
1 

1 
3 

1 

3 

9 

1 
1 

1 
2 

2 

4 
1 
4 
1 

1 

1 
2 

1 

1 

1 

3 

1 

1 
2 

(a) The intervals were arbitrarily selected based on weeks when a large percentage of moribund kills occurred. Clinical signs 
observed after the last interval selected were believed not to be readily discernible from signs of aging. 
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TABLE L5. SUMMARY O F  CLINICAL SIGNS OBSERVED IN RATS BEFORE MORIBUND KILL I N  THE 
LIFETIME FEED STUDIES O F  INTERMEDIATE-RANGE CHRYSOTILE ASBESTOS IR/PW (a) 

Weeks 63-67 Weeks 68-73 Weeks 74-78 Weeks 79-83 
Male Female Male Female Male Female Male Female 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Thin 
Hunched 
Bloody crust surrounding eye(s) 
Eye lacrimating 
Labored respiration 
Wheezing 
Tissue mass--ear, back, side of 
body, or chest 

Depression 
Animal appeared paralyzed 
Prostrate in cage 
Rough haircoat 

Number of animals killed 
in moribund condition 

Number of animals with no 
clinical signs reported 

Pale 
Thin 
Hunched 
Eye(s) pale 
Bloody crust surrounding eye(s) 
Red discharge from nose 
Bloody crust around nose 
Head tilt 
Wheezing 
Abdomen distended (bloated) and dark 
Palpable mass or masses in abdomen 
Tissue mass-ear, back, 

side of body, or chest 
Lack of coordination or equilibrium 
Depression or inactivity 
Muscle tone flaccid 
Prostrate in cage 
Urine stains 
Discolored urine 
Discharge (red) from vagina 

0 1 2 0 

1 

1 

1 

Weeks 84-88 Weeks 89-93 
Male Female Male Female 

1 3 0 3 

3 
2 

1 
1 

1 1 

1 

1 1 
1 
1 2 

1 
1 

1 3 3 2 

1 2 2 1 

1 
1 

1 1 
1 

1 
1 1 

1 

1 

1 

Weeks 94-98 Weeks 99-103 
Male Female Male Female 

3 3 2 3 

1 1 2 
1 2 1 2 

3 1 

1 
1 

1 
1 1 1 

1 2 1 3 
1 

2 1 
1 

2 
1 

1 

(a) The intervals were arbitrarily selected based on weeks when a large percentage of moribund kills occurred. Clinical signs 
observed after the last interval selected were believed not to be readily discernible from signs of aging. 
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APPENDIX M. DATA AUDIT SUMMARY 

The experimental data from the lifetime feed studies of chrysotile asbestos (short-range and inter- 
mediate-range fibers) in F344/N rats conducted a t  Hazleton Laboratories, Inc., were audited for 
completeness, consistency, and accuracy of the experimental data and for consistency of scientific pro- 
cedures with Good Laboratory Practices. The in-life phase of the study was completed before NTP‘s 
requirement for full compliance with Good Laboratory Practices regulations in October 1981. The ex- 
perimental data audit was performed by Dynamac Corporation in March 1984. The audit team con- 
sisted of the following: Ms. Shirley Corson, Pathology; Mr. Chris Dippel, Toxicology and Chemistry; 
Mr. James Konz, Pathology; Mr. Curt Lunchick, Toxicology; Mr. James Plautz, Toxicology and 
Chemistry; Dr. Ronald Schueler, Pathology; and Dr. Karen Whitkin, Toxicology. 

The full report of the audit of the chrysotile asbestos studies is on file at the National Toxicology 
Program, NIEHS. The audit consisted of (a) review of records for the in-life portion of the study, in- 
cluding clinical observations and body weight data for 10% of the animals, mortality records for 20% 
of the animals, and all environmental records; (b) review of chemistry data including fiber charac- 
terization, fiber distribution (homogeneity) and concentration in diet preparation method develop- 
ment, and diet analysis for 10% of the samples; and (c) review of pathology data consisting of (i) a 20% 
random sample of individual animal pathology records (IADR’s), (ii) slide/block match for a 20% ran- 
dom sample of animals in all groups, and (iii) wet tissues for a 10% random sample of animals in 
groups 82M, 82F, 93M, 93F, 95M, and 95F. 

The audit identified no major problems with the conduct of the study or with collection or reporting of 
the experimental data. The analytical chemistry data for chrysotile asbestos were adequate and sup- 
ported the stated conclusions of the Technical Report. Although dosing records were present for the 
two groups receiving DMH, records for preparation and analysis of DMH dose solutions were not 
available for audit. Animals were identified by ear tags. Although ear tags were missing from wet 
tissues in approximately 10% of the bags opened, in all the remaining wet tissue bags the tag number 
corresponded with the bag number. Apparent discrepancies between gross observations during 
necropsy and microscopic diagnoses were infrequent and consisted predominantly of minor tissue al- 
terations with no impact on study interpretation. For seven rats (081M-one, O82M-four, 082F-one, 
092F-one), cecal or colon “nodules” were noted, apparently by the pathology technician (ntrimmer’’). 
Pathologic changes, however, were not observed on microscopic examination, although lymphoid 
nodules (norma1 structure) were sometimes present. For one rat  (091M), two colon ‘‘polyps” were 
described but microscopic examination revealed two lymphoid nodules. The remaining wet tissue 
(colon) did not show evidence of any polyps. Thus, the apparent discrepancies in gross microscopic 
correlation for the intestine can be explained by prominent lymphoid structures, which are a normal 
component of the intestine. The slide/block match was generally good. One or two slides for each of 
three rats were labeled with the wrong slide number but were appropriately identified by animal and 
histology number. For each of two other rats, one slide was identified by the incorrect histology 
number but matched the appropriately labeled block. 

In conclusion, no discrepancies were found that would influence the final interpretation of this 
experiment , 
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