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ABSTRACT 

Tribromomethane, a chemical intermediate and solvent, has been identified as a drinking water con- 
taminant resulting from water chlorination. Toxicology and carcinogenesis studies were conducted 
by administering tribromomethane (95%-97% pure) in corn oil by gavage to groups of F344/N rats 
and B6C3F1 mice of each sex once or for 14 days, 13 weeks, or 2 years. 

Single-Administration, Fourteen-Day, and Thirteen- Week Studies: All ra ts  that  received 2,000 
mg/kg and 315 males and 315 females that received 1,000 mg/kg tribromomethane died before the end 
of the single-administration studies. All mice that received 2,000 mg/kg, 4/5 males and 215 females 
that received 1,000 mg/kg, and 1/5 males that received 500 mg/kg died before the end of the studies. 
Shallow breathing was observed for ra ts  and male mice that received 1,000 or 2,000 mg/kg 
tribromome thane. 

In the 14-day studies, all rats that received 600 or 800 mg/kg and 1/5 males that received 400 mg/kg 
tribromomethane died before the end of the studies. The final mean body weight of male rats that re- 
ceived 400 mg/kg was 14% lower than that of vehicle controls. One of five male mice that received 
600 mg/kg and 1/5 female mice that received 800 mg/kg died before the end of the studies. Final mean 
body weights of dosed and vehicle control mice were comparable. 

None of the rats died before the end of the 13-week studies (doses ranged from 12 to 200 mg/kg). Final 
mean body weights were comparable for dosed and vehicle control rats. All male rats that received 
100 or 200 mg/kg tribromomethane and all female rats that received 200 mg/kg were lethargic. The 
incidences of cytoplasmic vacuolization of hepatocytes in dosed male rats were slightly increased com- 
pared with that in vehicle controls. The severity of this lesion was increased in the 200 mg/kg group. 
One of 10 female mice that received 100 mg/kg tribromomethane’died before the end of the 13-week 
studies. The final mean body weight of mice that received 400 mg/kg was 8% lower than that of ve- 
hicle controls for males and was comparable to that of vehicle controls for females. Cytoplasmic vacu- 
olization of hepatocytes was observed in the liver of 5/10 male mice that received 200 mg/kg and in 
8/10 male mice that received 400 mg/kg tribromomethane. 

Based on these results, 2-year studies of tribromomethane were conducted by administering 0,100, or 
200 mg/kg tribromomethane in corn oil by gavage, 5 days per week €or 103 weeks, to groups of 50 
F344/N rats of each sex and 50 female B6C3F1 mice. Male B6C3F1 mice were administered 0, 50, or 
100 mg/kg tribromomethane on the same schedule. 
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Body Weights and Survival in the Two-year Studies: Mean body weights of high dose male and fe- 
male rats were 10%-28% lower than those of vehicle controls throughout the second year of the stud- 
ies. Survival of the high dose group of male rats was significantly lower than that of the vehicle con- 
trols after week 91; no significant differences in survival were observed between any groups of female 
rats (male: vehicle control, 34/50; low dose, 30/50; high dose, 11/50; female: 34/50; 28/50; 28/50). Re- 
duced survival for male rats given 200 mg/kg tribromomethane lowered the sensitivity of this group 
to detect a carcinogenic response. Mean body weights of dosed and vehicle control male mice were 
comparable throughout the study. Mean body weights of dosed female mice were 5%-16% lower than 
those of vehicle controls from week 28 to the end of the study. No significant differences in survival 
were observed between any groups of male mice; the survival of both dosed groups of female mice was 
significantly lower than that of the vehicle controls after week 77 (male: 41/50; 37/50; 36/50; female: 
25/49; 15/50; 20/50). Reduced survival in all groups of female mice was partly due to a utero-ovarian 
infection; nonetheless, survival of all groups of female mice was a t  least 50% by week 92. 

Nonneoplastic and Neoplastic Effects in the Two-year Studies: Uncommon adenomatous polyps or 
adenocarcinomas (combined) of the large intestine (colon or rectum) were induced in three male rats 
(vehicle control, 0/50; low dose, 0/50; high dose, 3/50) and in nine female rats (0150; 1/50; 8/50); the his- 
torical incidence of neoplasms of the large intestine is less than 0.2% in approximately 2,000 corn oil 
vehicle control male F344/N rats, and none has been observed in approximately 2,000 corn oil vehicle 
control female F344/N rats. Three of the neoplasms of the large intestine (one in the high dose male 
rats and two in the high dose female rats) were adenocarcinomas. 

Focal or diffuse fatty change of the liver was observed a t  increased incidences in dosed rats (male: 
23/50; 49/50; 50/50; female: 19/50; 39/49; 46/50). Active chronic inflammation was observed a t  in- 
creased incidences in dosed male and high dose female rats (male: 0/50; 29/50; 23/50; female: 9/50; 
8/49; 27/50). The incidence of necrosis of the liver was increased in high dose male rats (7/50; 3/50; 
20150) and decreased in dosed females (11/50; 3/49; 2/50). Mixed cell focus was observed a t  increased 
incidences in dosed female rats (8150; 25/49; 28/50). 

Other nonneoplastic lesions observed a t  increased incidences in dosed rats included chronic active in- 
flammation and squamous metaplasia of the ducts of the salivary gland (squamous metaplasia--male: 
0150; 15/50; 31/48; female: 0149; 10149; 16/50; chronic active inflammation--male: 0150; 16/50; 25/48; 
female: 0/49; 9/49; 18/50), squamous metaplasia of the prostate gland (2/49; 6/46; 12/50), ulcers of the 
forestomach (male: 1/49; 5/50; 10/50), and chronic active inflammation of the lung (male: 1/50; 7/50; 
15150). Pigmentation of the spleen was also observed at an increased incidence in high dose female 
rats. The salivary gland and lung lesions were characteristic of infection by rat coronavirus, a virus 
to which a positive serologic reaction was observed early in the studies. 

The incidence of follicular cell hyperplasia of the thyroid gland was increased in high dose female 
mice (5149; 4/49; 19/47), and fatty change of the liver was increased in both dosed groups of female 
mice (1/49; 9/50; 24/50). No chemically related adverse effects were observed in male mice. 

Neoplastic lesions that occurred at lower incidences in dosed animals compared with those in vehicle 
controls included preputial gland neoplasms in male rats (10/41; 5/38; 1/34), uterine stromal polyps in 
female rats (10/49; 9/50; 2/50), anterior pituitary gland adenomas in male and female rats (male: 
12/50; 12/48; 2/45; female: 29/48; 12/46; 16/48), mammary gland fibroadenomas in female rats (22/50; 
17/50; 6/50), and alveolarhronchiolar neoplasms in male mice (11/50; 7/50; 2/49). Other than con- 
comitant decreases in body weights, no other reasons are obvious to correlate these decreases with 
chemical administration. 
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Genetic Toxicology: Tribromomethane exhibited equivocal mutagenicity in Salmonella typhimurium 
strain TA100 in the absence of exogenous metabolic activation and in strains TA97 and TA98 when 
exposure occurred in the presence of hamster S9; tribromomethane produced no increases in re- 
vertant colonies in TA1535 or TA1537 with or without exogenous metabolic activation. Tribromo- 
methane induced trifluorothymidine (Tft) resistance in mouse L5178Y cells with and without 
metabolic activation. When tested in cultured Chinese hamster ovary (CHO) cells for cytogenetic ef- 
fects, tribromomethane produced a n  increase in both sister chromatid exchanges (SCEs) and chromo- 
somal aberrations in the absence, but not in the presence, of exogenous metabolic activation. Tribro- 
momethane caused sex-linked recessive lethal mutations in Drosophila when administered to adult 
males by feeding; no induction of mutations was observed when tribromomethane was administered 
by abdominal injection. Results of tests for reciprocal translocations in adult male Drosophila ex- 
posed to tribromomethane by feeding were negative. In vivo tests for cytogenetic effects in bone mar- 
row cells of male B6C3F1 mice demonstrated that intraperitoneal injection of tribromomethane in- 
duced an increase in SCEs but no increase in chromosomal aberrations. Intraperitoneal injection of 
tribromomethane also induced an  increase in the incidence of micronucleated polychromatic erythro- 
cytes in the bone marrow of B6C3F1 mice. 

Audit: The data, documents, and pathology materials from the 2-year studies of tribromomethane 
have been audited. The audit findings show that the conduct of the studies is documented adequately 
and support the data and results given in this Technical Report. 

Conclusions: Under the conditions of these 2-year gavage studies, there was some evidence of carcirto- 
genic activity* of tribromomethane for male F344/N rats and clear evidence of carcinogenic activity for 
female F344/N rats, based on increased incidences of uncommon neoplasms of the large intestine. Re- 
duced survival for male rats given 200 mg/kg tribromomethane lowered the sensitivity of this group 
to detect a carcinogenic response. Chemically related nonneoplastic lesions included fatty change 
and active chronic inflammation of the liver in male and female rats, minimal necrosis of the liver in 
male rats, and mixed cell foci of the liver in female rats. There was no evidence ofcarcinogenic activity 
for male B6C3F1 mice given 50 or 100 mg/kg tribromomethane or for female B6C3F1 mice given 100 
or 200 mg/kg; male mice might have been able to tolerate a higher dose. Survival of the female mice 
was reduced, partly due to a utero-ovarian infection. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 7. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 10, 
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SUMMARY O F  THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES O F  
TRIBROMOMETHANE 

Male F344/N Rats Female F344/N Rats Male B6C3F1 Mice Female B6C3F1 Mice 

Doses 
0,100. or 200 mg/kg tribromo- 
methane in corn oil, 5 d/wk 

Body weights in the 2-year study 
Reduced in dosed groups 

Survival rates in  the %year study 
34/50; 30150; 11/50 34/50; 28/50; 28/50 41/50; 37/50; 36/50 25/49; 15/50; 20150 

0,100, or 200 mgkg tribromo- 0,50, or 100 mg/kg tribromo- 0,100, or 200 mgkg tribromo- 
methane in corn oil, 5 d/wk methane in corn oil, 5 d/wk methane in corn oil, 5 d/wk 

Reduced in high dose group Similar in all groups Reduced in dosed groups 

Nonneoplastic effects 
Liver: fatty change, inflarn- Liver: fatty change, inflam- None 
mation, and minimal necrosis mation, and mixed cell foci 

Neoplastic effects 
Adenornabus polyps or adeno- Adenomatous polyps or ad- None 
carcinomas (combined) in the 
large intestine: 0150; 0150; 3/50 

Level of evidence of carcinogenic activity 
Some evidence Clear evidence No evidence 

Other  considerations 
Reduced survival in high dose 
group 

enocarcinomas (combined) 
in the large intestine: 
0150; 1/50; 8/50 

Liver: fatty change; 
thyroid gland: follicular 
cell hyperplasia 

None 

No evidence 

Utero-ovarian infections and 
reduced survival in all groups 

Genetic toxicology 

(gene mutation) (Tft resistance) SCE Aberration Rec. Lethals Translocation (bone marrow) Micronuclei 
Equivocal with Positive with Weakly Weakly Positive Negative Positivelnegative Positive 
and without S9 and without positive positive 

s9 without without 

Drosophila In Vivo Cytogenetics 
Salmonella Mouse L5178Y CHO Cells in Vitro Sex-Linked Reciprocal SCEIAherration 

S9; nega- S9; nega- 
tive with tive with S9 
s9 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of 
the evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence 
of neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are 
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals 
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other 
organizations, such as  the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on 
an examination of all available evidence including: animal studies such as those conducted by the NTP, epidemiologic studies, 
and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in labora- 
tory animals requires a wider analysis that extends beyond the purview of these studies. 

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength ofthe evi- 
dence observed in each experiment: two categories for positive results (“Clear Evidence” and “Some Evidence”); one category 
for uncertain findings (“Equivocal Evidence”); one category for no observable effects (“No Evidence”); and one category for ex- 
periments that because of major flaws cannot be evaluated (“Inadequate Study”). These categories of interpretative conclusions 
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more 
specifically the concept of actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female 
rats, male mice, female mice), one of the following quintet is selected to describe the findings. These categories refer to the 
strength of the experimental evidence and not to either potency or mechanism. 

0 Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related 
(i) increase of malignant neoplasms, (ii) increase of R combination of malignant and benign neoplasms, or (iii) marked 
increase of benign neoplasms ifthere is an indication from this or other studies of the ability of such tumors to progress 
to malignancy. 

Some Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as  showing a chemically 
related increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less 
than that  required for clear evidence. 

0 Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that  are interpreted as showing a mar- 
ginal increase of neoplasms that may be chemically related. 

0 No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as  showing no chemically re- 
lated increases in malignant or benign neoplasms. 

0 Inadequate  Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quanti- 
tative limitations cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity. 

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would ex- 
tend the actual boundary of a n  individual category of evidence. This should allow for incorporation of scientific experience and 
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that  may be 
on the borderline between two adjacent levels. These considerations should include: 

0 
0 
0 
0 

0 

0 
0 
0 
0 

The adequacy of the experimental design and conduct; 
Occurrence of common versus uncommon neoplasia; 
Progression (or lack thereof) from benign to malignant neoplasia as well as  from preneoplastic to neoplastic lesions; 
Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it  
is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent 
course is to assume that benign neoplasms of those types have the potential to become malignant; 
Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same or- 
gan or tissue; 
Latency in tumor induction; 
Multiplicity in site-specific neoplasia; 
Metastases; 
Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments 
(same lesion in another sex or species); 
The presence or absence ofdose relationships; 

0 The statistical signitlcance ofthe observed tumor increase; 
0 The concurrent control tumor incidence as well as  the historical control rate and variability for a specific neoplasm; 
0 Survival-adjusted analyses and false positive or false negative concerns; 
0 Structure-activity correlations; and 
0 In some cases,genetic toxicology. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

TRIBROMOMETHANE 

On April 18, 1988, the draft Technical Report on the toxicology and carcinogenesis studies of tribro- 
momethane received public review by the National Toxicology Program Board of Scientific Coun- 
selors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting 
was held a t  the National Institute of Environmental Health Sciences (NIEHS), Research Triangle 
Park, North Carolina. 

Dr. R.L. Melnick, NIEHS, began the discussion by reviewing the experimental design, results, and 
proposed conclusions (some evidence of carcinogenic activity for male rats, clear evidence of carcino- 
genic activity for female rats, no evidence of carcinogenic activity for male or female mice). 

Dr. Hooper, a principal reviewer, agreed with the conclusions. He commented on the negative trends 
for neoplasia at several sites in male rats (mononuclear cell leukemia, preputial gland adenomadcar- 
cinomas) and in female rats (mammary gland fibroadenomas, anterior pituitary gland adenomas, en- 
dometrial stromal polyps). 

Dr. Capen, the second principal reviewer, agreed with the conclusions. He noted the fairly striking 
increased incidence of follicular cell hyperplasia in the thyroid gland of high dose female mice and 
wondered about the possible mechanism. 

Dr. Perera, the third principal reviewer, agreed with the conclusions for male and female rats and 
male mice. She said that the significantly reduced survival in exposed female mice suggested a 
change to inadequate study of carcinogenic activity. Dr. Melnick responded that survival in all fe- 
male mice groups was greater than 50% a t  92 weeks. Because the liver was the only site of significant 
neoplasia caused by other trihalomethanes in female mice, he thought that  the survival in the 
present study was adequate to have detected such an  effect. In other discussion, Dr. Sivak com- 
mented that since the primary rationale for the studies was based on the presence of tribromometh- 
ane in drinking water, inclusion of a comparison between drinking water levels and doses used would 
be helpful to the reader [see page 121. 

Dr. Capen moved that the Technical Report on tribromomethane be accepted with revisons as dis- 
cussed and with the conclusions as written: for male rats, some evidence of carcinogenic activity; for 
female rats, clear evidence of carcinogenic activity; and for male and female mice, no evidence of car- 
cinogenic activity. Dr. Hooper seconded the motion, which was approved unanimously with 10 votes. 
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I. INTRODUCTION 
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TRIBROMOMETHANE 

(BROMOFORM) 

CAS NO. 75-25-2 

CHBr3 Molecular weight: 252.8 

Physical a n d  Chemical Properties, Use, 
Production, and Exposure 

Tribromomethane is a colorless liquid (melting 
point: 6"-7" C; boiling point: 149.5" C a t  760 mm 
mercury; specific gravity: 2.890; vapor pressure: 
5.6 mm mercury at 25" C; percent in saturated 
air: 0.7% at 25" C) that is miscible with ethanol, 
ether, and benzene and slightly soluble in water 
(0.30% a t  30" C) (Torkelson and Rowe, 1981; 
Merck, 1983). The TSCA Initial Inventory re- 
ported that domestic production of tribromo- 
methane  was 50,000-500,000 k g  in  1977 
(USEPA, 1987). The U.S. International Trade 
Commission did not report the volume of domes- 
tic production of tribromomethane for the years 
1981-85 (USITC, 1986). Current production 
data for tribromomethane are not available. 

Tribromomethane has been used as a chemical 
intermediate (e.g., synthesis of carbon tetra- 
bromide); as a solvent for waxes, greases, and 
oils; as a high density liquid for petrographic 
analysis; and formerly as a sedative and a n  
antitussive. 

The major source of human exposure to trihalo- 
methanes is drinking water (Cotruvo, 1981). 
Tribromomethane was detected in 27/80 water 
supplies in a national survey conducted by the 
U.S. Environmental Protection Agency (EPA) 
(Symons et  al., 1975); the mean concentration of 
tribromomethane was 6.5 pg/liter, and  the 

Tribromomethane, NTP TR 350 

concentration range was 0.8-92 pg/liter. In a 
followup survey, tribromomethane was detected 
in 38/113 public water supplies; the mean con- 
centration of tribromomethane in positive sam- 
ples was 12 pg/liter (Brass et al., 1977). Tribro- 
momethane was detected in 22% of groundwater 
samples and 33% of surface water samples ob- 
tained from more than 1,000 wells and 600 sur- 
face water sites throughout New Jersey (Page, 
1981). 

Of synthetic organic chemicals detected in  
drinking water, the trihalomethanes are found 
most frequently and generally at the highest 
concentrations. Trihalomethanes are formed as  
by-products of water chlorination. In response to 
the discovery of trihalomethanes in drinking 
water, the EPA promulgated regulations limit- 
ing the maximum permissible contaminant level 
for total trihalomethanes in drinking water to 
100 pgfliter (Fed. Regist., 1979). Thus, a 70-kg 
adult human consuming 2 liters per day of water 
containing 100 pg of trihalomethane per liter 
would receive a daily dose of trihalomethane 
equivalent to 2.9 pg/kg. The American Con- 
ference of Governmental Industrial Hygienists 
recommends a threshold limit value of 0.5 ppm 
(approximately 5 mg/m31 for tribromomethane 
(ACGIH, 1986). Approximately 1,500 workers 
are potentially exposed to tribromomethane, as 
estimated from data compiled from the National 
Occupational Exposure Survey (NIOSH, unpub- 
lished data). 

12 



I. INTRODUCTION 

Tribromomethane can be produced during chlo- 
rination of surface water if bromide and organic 
carbon precursors are present (Williams, 1985). 
Bromide is oxidized to hypobromite by hypo- 
chlorous acid; the latter compound is formed 
when chlorine gas is dissolved in water: 

Cl2 + H20 H +  + Cl' + HOC1 

HOC1 + Br' ___+ HOBr + Cl' 

If sodium or calcium hypochlorite is used as the 
source of chlorine, the hypochlorite ion (OC1-) 
rapidly establishes equilibrium with hypo- 
chlorous acid. Hypobromite is capable of under- 
going the haloform type reaction with organic 
humic material or other organic precursors to 
produce tribromomethane (Bunn et  al., 1975): 

0 
II 

R-C-CH3 + 30Br- 

0 
II 

R-C-O- + CHBr3 + 20H' 

The rate of formation of trihalomethanes is de- 
pendent on the chlorine concentration, total or- 
ganic carbon, pH, temperature, and bromide 
concentration (Umphres et al., 1981; Williams, 
1985). 

Trihalomethanes also are produced in cooling 
water used by the electric power industry when 
chlorine is added as a biofouling control agent 
(Smith et al., 1983). Tribromomethane is the 
major halogenated organic compound produced 
as a result of chlorination of seawater in ocean 
thermal energy conversion processes (Hartwig 
and Valentine, 1983). Tribromomethane also 
has been found in swimming pools (Beech et al., 
1980). 

Metabolism 

Stevens and Anders (1981) proposed the reaction 
scheme presented on the following page for the 
metabolism of haloforms (shown here  for 
tribromomethane). 

Studies on haloform metabolism were initiated 
because administration of haloforms to rats re- 
sults in elevated blood carbon monoxide and car- 
boxyhemoglobin concentrations. The metabo- 
lism of tribromomethane to carbon monoxide in 
ra t  liver is catalyzed by a microsomal cyto- 
chrome P450-dependent mono-oxygenase re- 
quiring NADPH and molecular oxygen for max- 
imal activity; sulfhydryl compounds (e.g. ,  
glutathione) increase the rate of formation of 
carbon monoxide from tribromomethane (Ah- 
med et al., 1977). The glutathione-dependent 
production of carbon monoxide constitutes a de- 
toxification pathway for dihalocarbonyls formed 
during biotransformation of haloforms; however, 
the product of this pathway (carbon monoxide) is 
also toxic (Stevens and Anders, 1981). Pretreat- 
ment of rats with phenobarbital or 3-methylcho- 
lanthrene increased the rate of in vitro conver- 
sion of tribromomethane to carbon monoxide 
(Ahmed et al., 19771, whereas only phenobar- 
bital pretreatment led to increased blood levels 
of carbon monoxide after administration of tri- 
bromomethane or chloroform (trichloromethane) 
to rats (Anders et al., 1978; Pohl et al., 1980). 
Tribromomethane produced a type I binding 
spectrum with oxidized cytochrome P450, and 
the rate of biotransformation of tribromometh- 
ane to carbon monoxide was inhibited by SKF 
525-A, a mixed-function oxidase inhibitor (Ah- 
med et al., 1977). Compared with tribromometh- 
ane, CDBr3 (deuterium-labeled tribromometh- 
ane) was less hepatotoxic and resulted in lower 
levels of carbon monoxide in blood in rats (An- 
ders et al., 1978; Pohl et al., 1980). The deuteri- 
um effect indicates that the C-H bond cleavage is 
the rate-limiting step in the biotransformation 
of tribromomethane to hepatotoxic metabolites. 
Dibromocarbonyl (the bromine analog of phos- 
gene) has been suggested to be an  intermediate 
in the metabolism of tribromomethane, since 
2-oxothiazolidine-4-carboxylic acid was formed 
when hepatic microsomes were incubated with 
tribromomethane plus cysteine (Stevens and 
Anders, 1979). This reactive intermediate may 
be responsible for tribromomethane-induced 
hepatotoxicity (see Animal Toxicity, p. 15). 
Cysteine treatment of rats, before chloroform ad- 
ministration, decreased blood carbon monoxide 
levels and protected against chloroform-induced 
hepatotoxicity (Docks and Krishna, 1976). 
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Dibromocarbonyl also may serve as the pre- 
cursor for the metabolism of tribromomethane to 
carbon dioxide (see reaction scheme, above). De- 
pletion of glutathione by haloforms may also oc- 
cur by reaction of the dihalocarbonyl with gluta- 
thione, forming S,S'-diglutathionyl carbonate. 
Liver glutathione levels were decreased in phe- 
nobarbital-pretreated Sprague Dawley rats that 
were subsequently dosed with chloroform (Docks 
and Krishna, 1976); tribromomethane was less 
effective than chloroform in causing glutathione 
depletion. 

Tribromomethane, NTP TR 350 

The hepatotoxicity of tr ibromomethane and 
other haloforms appears to be related to their 
metabolism. Pretreatment of rats with pheno- 
barbital produces parallel changes in the me- 
tabolism and hepatotoxicity of chloroform and 
tribromomethane, whereas sulfhydryl com- 
pounds provide a detoxification pathway for the 
haloforms. Tomasi et al. (1985) suggested that 
trihalomethanes might also undergo reductive 
metabolism mediated by cytochrome P450, since 
free radical intermediates were detected by an  
electron spin resonance (ESR) spin-trapping 
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technique (spin trap: phenyl-t-butyl nitrone) in 
isolated hepatocytes incubated under nitrogen 
with several trihalomethanes and in the liver of 
phenobarbital-induced Wistar rats administered 
chloroform, tribromomethane, bromodichloro- 
methane, or triiodomethane. In hepatocytes, the 
intensity of the ESR signal was reduced by expo- 
sure to oxygen or by the addition of cytochrome 
P450 inhibitors (SKF-525A, metyrapone, and 
carbon monoxide). 

Trihalomethanes are rapidly absorbed after oral 
administration, metabolized primarily to carbon 
dioxide, and rapidly excreted. More than 92% of 
a dose of 60 mg/kg of [14C]chloroform was elimi- 
nated within 48 hours in expired air, urine, or 
feces from rats, mice, and squirrel monkeys 
(Brown et al., 1974). The conversion of the ad- 
ministered dose to [14C]carbon dioxide was 
about 85% in mice (CBA, CF/LP, and C57 Black 
strains), 66% in Sprague Dawley rats, and 18% 
in squirrel monkeys. Variability in the bio- 
transformation and elimination of chloroform in 
humans was indicated in  a study in  which 
17.81-66.68 of a 500 mg dose of chloroform was 
recovered from volunteers over an 8-hour period 
(Cotruvo, 1981). 

Animal Toxicity 

Tribromomethane has been considered to be a 
moderately toxic chemical that can be absorbed 
through the lungs, gastrointestinal tract, and 
skin (von Oettingen, 1955). The oral LD50 value 
for tribromomethane is 1,400 and 1,550 mg/kg in 
male and female ICR Swiss mice (Bowman et al., 
1978) and 1,388 and 1,147 mg/kg in male and fe- 
male Sprague Dawley rats (Chu et al.,  1980). 
Tribromomethane was slightly less acutely toxic 
than chloroform, bromodichloromethane, or 
chlorodibromomethane in rats and mice. In 
male rats, the intraperitoneal LD50 value for tri- 
bromomethane is 414 yl/kg (1,196 mg/kg) (Agar- 
wal and Mehendale, 19831, and the subcutane- 
ous LD50 value in male mice is 7.2 mmol/kg 
(1,820 mg/kg) (Kutob and Plaa, 1962). 

Exposure to tribromomethane vapors may cause 
irritation to the respiratory tract, lacrimation, 
and liver damage (von Oettingen, 1955). Death 
from exposure to tribromomethane a t  acutely 
toxic dose levels is most likely due to central 
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nervous system depression. Ataxia, sedation, 
arld anesthesia occur shortly after exposure to 
tribromomethane a t  lethal doses (Bowman et al., 
1978). 

The liver and kidney have been identified as tar- 
get organs of trihalomethane toxicity in single- 
exposure or short-term studies. Bowman et al. 
(1978) reported that the liver of ICR Swiss mice 
administered trihalomethanes a t  lethal doses 
appeared to have fatty infiltration, and the kid- 
neys were pale. Liver changes, described as 
variation in size of hepatocytes and vesiculation 
of biliary epithelial nuclei, were observed in fe- 
male Sprague Dawley rats that survived a single 
oral dose of tribromomethane (1,071 mg/kg or 
higher) (Chu et al., 1982a). Kidney changes (bi- 
lateral focal interstitial nephritis and fibrosis) 
were observed in Sprague Dawley rats that sur- 
vived single oral doses of chloroform, bromodi- 
chloromethane, or chlorodibromomethane; how- 
ever, these changes were not observed in rats ex- 
posed to tribromomethane. No pathologic 
changes were observed in Sprague Dawley rats 
exposed to tribromomethane a t  5,50, or 500 ppm 
(equivalent to 0.13, 1.5, and 14 mg per rat  per 
day, respectively) in drinking water for 28 days. 
Sprague Dawley rats were also exposed to tribro- 
momethane a t  5,50, 500, or 2,500 ppm in drink- 
ing water for 90 days (Chu et  al., 1982b). The 
liver lesions were similar to those observed in 
the single-administration study (Chu e t  al . ,  
1982a), and the severity was increased in male 
rats dosed with 2,500 ppm tribromomethane and 
in female rats dosed with 500 or 2,500 ppm tri- 
bromomethane compared with that in vehicle 
control (1% emulphor) rats. 

Condie e t  al. (1983) administered tribromo- 
methane by gavage to CD-1 mice for 14 days at 
doses of 0,72,145, or 289 mg/kg. Blood urea ni- 
trogen (BUN) and serum creatinine levels were 
not altered; however, active uptake of p-amino- 
hippurate into renal cortical slices was reduced, 
and serum glutamate-pyruvate transaminase 
(SGPT) levels were elevated in the high dose 
animals. Similar effects were observed in ani- 
mals administered chloroform, bromodichloro- 
me thane, or chlorodibromome t hane. Histo- 
pathologic changes in the kidney (hyperplasia of 
tubular epithelial cells and hypertrophy and 
degenerat ive changes  i n  t h e  g l o m e r u l a r  
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mesangium) and liver (centrilobular cyto- 
plasmic pallor and slight focal inflammation) 
were observed in the mid dose and high dose 
groups. 

Administration of tribromomethane in corn oil 
by intraperitoneal injection to Sprague Dawley 
rats at doses up to 300 pl/kg (867 mg/kg) did not 
affect the levels of SGPT, serum glutamic- 
oxaloacetic transaminase (SGOT), or serum iso- 
citrate dehydrogenase 24 hours after adminis- 
tration (Agarwal and Mehendale, 1983). Fur- 
thermore, prior exposure to chlordecone a t  10 
ppm in the diet for 15 days did not potentiate the 
hepatotoxicity or lethality of tribromomethane. 
These findings contrast with those for chloro- 
form in which hepatotoxicity was increased after 
previous exposure to chlordecone (Hewitt et al. , 
1979). SGPT activity was increased when tri- 
bromomethane and carbon tetrachloride were 
administered to Long-Evans rats by intraperi- 
toneal injection together a t  doses that alone did 
not cause any apparent increase in SGPT ac- 
tivity (0.2 ml/kg [578 mg/kg] and 0.1 ml/kg, 
respectively) (Harris et al., 1982). These find- 
ings are indicative of an  interactive hepatotoxic- 
ity for these two compounds. 

Tribromomethane was administered by gavage 
in 10% emulphor (in deionized water) to CD-1 
mice a t  doses of 0,50, 125, or 250 mg/kg per day 
for 14 days (Munson et  al., 1982). Humoral and 
cellular immunity, assessed by measuring the 
number of splenic IgM antibody-forming cells 
and the delayed-type hypersensitivity response, 
were depressed in the high dose male mice. In 
addition, liver weight and SGOT levels were in- 
creased and serum glucose and BUN levels were 
decreased in the high dose animals. 

Tribromomethane also caused a dose-dependent 
suppression in hepatic phagocytosis (assessed by 
measuring the vascular clearance rate of 1251- 
labeled Listeria monocytogenes) in ICR mice 
given doses of 0.3,12.5, or 125 mg/kg for 90 days 
(Munson et al., 1978). Administration of tribro- 
momethane to ICR mice at doses of 100 or 400 
mg/kg per day, for 60 days, caused a decrease in 
response rate in a schedule-controlled perform- 
ance test (Balster and Borzelleca, 1982). Tri- 
bromomethane had minimal or no effect in other 
behavioral  t e s t s  (screen t e s t ,  s w i m m i n g  

endurance, passive-avoidance learning, cling 
test, hole-board test). In studies of neurochemi- 
cal changes produced by drinking water con- 
taminants, tribromomethane did not affect cate- 
cholaminergic systems or serotonin metabolism 
in the brain of Swiss Webster ICR mice (Dewey 
et al., 1978; Martin et al., 1978). Tribromometh- 
ane inhibited the incorporation of 32Pi and 
[3H]glycerol into phospholipid fractions of liver 
slices prepared from Wistar rats (Koyama and 
Nakazawa, 1986). These effects of tribromo- 
methane on triacylglycerol synthesis were at- 
tributed to inhibition of glycerophosphate acyl- 
transferase, phosphatidate phosphatase, and  
diacylglycerol acyltransferase activities. 

Reproductive a n d  Developmental Toxicity 

Kavlock et al. (1979) performed teratology stud- 
ies of organic concentrates prepared from the 
drinking water of five U.S. cities. In addition, 
because low molecular weight organohalides 
may be lost during the concentration procedure, 
a synthetic mixture was prepared based on the 
EPA monitoring survey of the concentrations of 
these compounds in 110 U.S. cities. The latter 
mixture contained 68.9% chloroform, 16.4% bro- 
modichloromethane , 10.0% chlorodibromo- 
methane, and 3.6% tribromomethane. Each of 
these preparations, dissolved in dimethyl sul- 
foxide, was administered by gavage to groups of 
pregnant CD-1 mice on gestation days 7-14 at 
dose levels equivalent to 300, 1,000, and 3,000 
times the anticipated human exposure. The 
mice that were administered the synthetic mix- 
ture at 3,000 times the human exposure level re- 
ceived 10.3 mg organohalide/kg per day (the tri- 
bromomethane dose level was 0.37 mg/kg per 
day). No effects on fetal weight, mortality, or 
the occurrence of skeletal or visceral anomalies 
were observed in any of the exposed groups. 

Ruddick et al. (1983) administered chloroform to 
pregnant Sprague Dawley rats by gavage from 
day 6 to day 15 of gestation a t  doses of 100, 200, 
or 400 mg/kg and tribromomethane, bromodi- 
chloromethane, and chlorodibromomethane at 
doses of 50,100, or 200 mg/kg. Corn oil was used 
as the vehicle for all studies. Only tribromo- 
methane did not have a n  effect on maternal body 
weight gain. No histopathologic changes were 
observed for any of the four trihalomethanes in 
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any of the dams or fetuses, nor were there any 
changes in the number of resorption sites, num- 
ber of fetuses per dam, average fetal weight, or 
occurrence of visceral anomalies. Skeletal  
anomalies, including the appearance of a 14th 
rib, intraparietal deviations, and delayed ossifi- 
cation of sternebrae, were observed in the tri- 
bromomethane, chloroform, and chlorodibromo- 
methane groups. These anomalies  were 
considered to be indicative of fetotoxic effects. 

Carcinogenicity 

Results of carcinogenesis studies of chloroform 
in Osborne-Mendel rats and B6C3F1 mice (NCI, 
1976a; IARC, 1979) and of 2-year studies of the 
chemically related chlorodibromomethane and 
bromodichloromethane in  F344/N ra t s  and 
B6C3F1 mice (NTP, 1985, 1987) are shown in 
Table 1. For the chloroform studies, rats and 

mice were administered chloroform in corn oil by 
gavage 5 days per week for 78 weeks. The doses 
were 90 and 180 mg/kg for male rats and 125 
and 250 mg/kg for female rats for 22 weeks; 
doses for female rats were then reduced to 90 
and 180 mg/kg, resulting in  time-weighted- 
average (TWA) doses of 100 and 200 mg/kg. 
Doses for male mice were 100 and 200 mg/kg for 
18 weeks and then were increased to 150 and 
300 mgkg  (TWA doses of 138 and 277 mg/kg); 
doses for female mice were 200 and 400 mg/kg 
for 18 weeks and then were increased to 250 and 
500 mgkg  (TWA doses of 238 and 477 mg/kg). 
Administration of chloroform produced dose- 
related increases in the incidences of kidney epi- 
thelial neoplasms in male rats (vehicle control, 
0119; low dose, 4/50; high dose, 12/50) and of 
hepatocellular carcinomas in male and female 
mice (male: 1/18; 18/50; 44/45; female: 0120; 
36/45; 39/41). 

TABLE 1. PRIMARY SITES OF NEOPLASTIC RESPONSES IN RATS AND MICE ADMIMSTERED 
TRIHALOMETHANES (a) 

Chemical Dose (mg/kg per day) Liver Kidney Large Intestine 

Chloroform (b) 

Male 
Female 

Osborne-Mendel rats 

B6C3F1 mice 
Male 
Female 

Bromodichloromethane (c) 
F344/N rats 

Male 
Female 

B6C3F1 mice 
Male 
Female 

Chlorodibromomethane (d) 
F344/N rats 

Male 
Female 

B6C3F1 mice 
Male 
Female 

0,90,180 
0,100,200 

0,138,277 
0,238,477 

0,50,100 
0,60,100 

0,25,50 
0,75.150 

0,40,80 
0,40,80 

0,50,100 
0,50,100 

(a) Response: + , compound-related neoplastic lesions; f , equivocal evidence of compound-related neoplastic lesions; 
-, no evidence of compound-related neoplastic lesions 
(b) NCI, 1976a; IARC, 1979 
(c) NTP, 1987; Dunnick et al., 1987 
(d) NTP, 1985; Dunick et al., 1985 
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Administration of chlorodibromomethane by ga- 
vage in corn oil to B6C3F1 mice for 2 years a t  
doses of 50 or 100 mg/kg also produced increases 
in the incidence of hepatocellular neoplasms in 
each sex (NTP, 1985; Dunnick e t  al., 1985). 
Chlorodibromomethane was not carcinogenic in 
F344/N rats administered doses of 40 or  80 
mgikg for 2 years. 

Oral administration of bromodichloromethane 
to F344/N rats for 2 years a t  50 or 100 mg/kg re- 
sulted in increased incidences of tubular cell 
neoplasms in the kidney and adenocarcinomas 
and adenomatous polyps in the large intestine of 
both males and females (NTP, 1987; Dunnick et 
al., 1987). Administration of bromodichloro- 
methane to B6C3F1 mice for 2 years at doses of 
25 or 50 mg/kg (males) and 75 or 150 mg/kg (fe- 
males) resulted in increased incidences of tubu- 
lar cell neoplasms in the kidney of male mice 
and hepatocellular neoplasms in female mice. 

The carcinogenicity studies of tribromomethane, 
the other trihalomethane formed during chlo- 
rination of water, are described in this report. 

Injection of tribromomethane at  48 mg/kg into 
strain A mice for 8 weeks (24 intraperitoneal in- 
jections), followed by a 16-week observation 
period, caused a significant increase in the num- 
ber of pulmonary adenomas per mouse compared 
with the number in mice injected with 0.9% sodi- 
um chloride (Theiss et al., 1977). In initia- 
tiodpromotion assays reported by Pereira et al. 
(19821, single doses of either chloroform (1.5 
mmolkg) or tribromomethane (0.8 mmol/kg, 202 
mg/kg) did not cause increases in the incidence 
of y-glutamyl transpeptidase (GGTase)-positive 
foci in intact or partially hepatectomized male 
Sprague Dawley rats promoted with phenobar- 
bital (500 ppm in the drinking water for 47 
days). The incidence of GGTase-positive foci in 
the liver of rats administered an  initiating dose 
of diethylnitrosamine (0.5 mmol/kg body weight) 
and promoted with chloroform (1.5 mmol/kg two 
times per week for 53 days) was not different 
from that in rats given diethylnitrosamine or 
chloroform alone. 

Epidemiologic studies indicate that there may 
be an  association between trihalomethanes in 
drinking water and increased frequencies of 

bladder, colon, rectal, or pancreatic cancer in hu- 
mans (Kraybill, 1980; Cotruvo, 1981; Carlo and 
Mettlin, 1980; Isacson e t  al . ,  1983; Crump, 
1983). However, because of a number of poten- 
tial confounding variables in these studies (e.g., 
personal habits, limited information on residen- 
tial histories and past exposures), the  da ta  
should be considered preliminary and incom- 
plete. Lawrence et al. (1984) found no evidence 
of a relationship between exposure to trihalo- 
methanes in drinking water and colorectal 
cancers in white female teachers in upstate New 
York. Cantor et al. (1987) demonstrated a n  as- 
sociation between consumption of chlorinated 
surface water and urinary bladder cancer in 10 
areas of the United States. 

Genetic Toxicity 

Trihalomethanes are  usually not mutagenic 
when tested in Salmonella by the plate incor- 
poration method (Simmon et al., 1977; Rapson et 
al., 1980), possibly because concentrations are  
reduced by evaporation during incubation. 
There are reports of induction of gene reversion 
by base-pair substitution in Salmonella typhi- 
murium strains TAlOO and TA1535 when ex- 
posure to tribromomethane occurred within the 
closed environment of a desiccator in the ab- 
sence of exogenous metabolic activation (Sim- 
mon and Tardiff, 1978; Simmon, 1981). When 
tribromomethane was tested by the NTP in a 
preincubation procedure in S. typhimurium, the 
evidence for mutagenicity was equivocal in 
strain TAlOO in the absence of S9 and in strains 
TA97 and TA98 in the presence of Aroclor 
1254-induced male Syrian hamster liver S9; tri- 
bromomethane produced no significant in-  
creases in revertant colonies in strains TA1535 
or TA1537 with or without exogenous metabolic 
activation (Haworth et al., 1983; Table El).  Bro- 
modichloromethane and chlorodibromomethane 
were also reported to be mutagenic in  strain 
TAlOO in the absence of metabolic activation 
(Simmon and Kauhanen, 1978; Simmon and 
Tardiff, 1978), whereas chloroform was not mu- 
tagenic (Gocke et  al., 1981; Van Abbe et al., 
1982). NTP test results for bromodichlorometh- 
ane and chlorodibromomethane in Salmonella 
were negative (Mortelmans et al., 1986; Zeiger 
et al., 1987). 
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Tribromomethane induced trifluorothymidine
resistance in mouse L5178Y cells with and with-
out Aroclor 1254-induced male F344 rat liver S9
(Table E2). Tribromomethane also produced a
significant increase in sex-linked recessive le-
thal mutations in Drosophila when adminis-
tered to adult males by feeding; no induction of
mutations was observed when tribromomethane
was administered by abdominal injection (Wood-
ruff et al., 1985; Table E5). A test for induction
of reciprocal translocations in adult male Dro-
sophila exposed to tribromomethane in feed was
negative (Table E6).

Maddock and Kelly (1980) reported that expo-
sure to tribromomethane did not cause an in-
crease in the frequency of sister chromatid
exchanges (SCEs) in 72-hour oyster toadfish leu-
kocyte cultures. One of two NTP laboratories
that tested tribromomethane for cytogenetic ef-
fects in cultured Chinese hamster ovary (CHO)
cells reported that it produced an increase in
both SCEs and chromosomal aberrations in the
absence, but not in the presence, of exogenous
metabolic activation; the second laboratory ob-
served no such increases (Galloway et al., 1985;
Tables E3 and E4). Results of NTP in vitro cyto-
genetic studies of bromodichloromethane and
chlorodibromomethane were negative for induc-
tion of chromosomal aberrations, but treatment
with chlorodibromomethane did induce an in-
crease in SCEs in the presence of induced rat
liver S9 (unpublished results). Tribromometh-
ane, chlorodibromomethane, bromodichloro-
methane, and chloroform were all reported to in-
duce SCEs and cell cycle delays in human
lymphocytes treated in vitro (Morimoto and
Koizumi, 1983).

Morimoto and Koizumi (1983) also reported in-
duction of SCEs in bone marrow cells of ICR/SJ
mice given oral doses of 25-200 mg/kg per day of

tribromomethane, chlorodibromomethane, bro-
modichloromethane, or chloroform for 4 days.
The cytogenetic effects of a single intraperito-
neal injection of chloroform or tribromomethane
on bone marrow cells of male B6C3Fi mice have
also been examined in in vivo studies sponsored
by the NTP (Tables E7 and E8); neither chem-
ical induced chromosomal aberrations in bone
marrow cells under the standard protocol (cells
harvested 23-24 hours after treatment). Chloro-
form induced a positive trend for SCEs at doses
of 0.42-1.67 mmol/kg (50-200 mg/kg) and 1.67-
6.70 mmol/kg (200-800 mg/kg) under the stan-
dard protocol. Tribromomethane did not induce
SCEs with the standard protocol; however, when
cells were sampled 36 hours after exposure, the
trend test was positive for induction of SCEs at
doses of 0.79-3.17 mmol/kg (200-800 mg/kg), and
a significant response was observed at the high-
est dose tested. In contrast to the results of Mori-
moto and Koizumi, NTP in vivo cytogenetic tests
with chlorodibromomethane showed no induc-
tion of SCEs or chromosomal aberrations in mice
after an intraperitoneal injection of up to 2.40
mmol/kg (NTP, unpublished results).

Intraperitoneal injection of tribromomethane at
doses of 200-800 mg/kg induced a positive trend
for micronucleated polychromatic erythrocytes
in the bone marrow of B6C3Fi mice (Table E9).
Chloroform induced a similar increase in the in-
cidence of micronuclei in bone marrow polychro-
matic erythrocytes of B6C3Fj mice.

Study Rationale

Tribromomethane was selected for 2-year oral
toxicology and carcinogenesis studies as part of
an organohalide class evaluation because of its
presence in drinking water and potential for hu-
man exposure, because carcinogenicity data on
this chemical were insufficient, and because
chloroform (trichloromethane) is known to cause
cancer in animals.
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II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
TRIBROMOMETHANE 

Tribromomethane was obtained in three lots 
from Freeman Industries (Table 2). Purity, 
identity, and stability analyses were conducted 
at Midwest Research Institute (MRI) (Kansas 
City, Missouri). MRI reports on analyses per- 
formed in support of the tribromomethane stud- 
ies are on file a t  NIEHS. 

The infrared, ultraviolet, and nuclear magnetic 
resonance spectra of all lots (representative 
spectra presented in Figures 1 and 2) were con- 
sistent with those in the literature (Aldrich Li- 
brary; Sadtler Standard Spectra; CRC, 1975). 
Purity was determined by elemental analysis, 
Karl Fischer water analysis, potentiometric ti- 
tration in methanol solution with 0.01 N sodium 
hydroxide for acidic components, and gas chro- 
matography with flame ionization detection, a 
nitrogen carrier at a flow rate of 65 or 70 ml/ 
minute, and a 20% SP2100/0.1% Carbowax 1500 
column (system 1) or a 10% Carbowax 20M-TPA 
column (system 2). Results of elemental analy- 
ses of all lots were in agreement with the theo- 
retical values. 

Lot no. 71221 was obtained as a clear, colorless 
liquid with a boiling point of 149"-150" C and a 
density a t  24" C of 2.8609 f 0.0004 g/ml. 
Cumulative data indicated that this lot was ap- 
proximately 95% pure. Lot no. 71221 contained 

0.014% water and 10.64 ppm free acid. Fifteen 
impurities with a combined area 3.7% that  of the 
major peak were detected by gas chromato- 
graphic system 1. The area of the largest im- 
purity peak was 2.8% that of the major peak. 
This impurity was identified as chlorodibromo- 
methane by gas chromatography/mass spec- 
troscopy with a 10% SP2100 column and a heli- 
um carrier at a flow rate of 30 ml/minute. Fur- 
ther confirmation of the identity of this impurity 
was obtained by gas chromatographic system 1 
with spiked and unspiked samples. Eleven im- 
purities were detected by gas chromatographic 
system 2. Two impurities had areas of 0.90% 
and 3.2% relative to that of the major peak. The 
remaining impurities had a combined relative 
area of 0.65%. 

Lot no. 33595 was obtained as a clear, slightly 
viscous liquid with a density at 22"-23" C of 
2.8621 f 0.0005 g/ml. Cumulative data indi- 
cated that lot no. 33595 was approximately 95% 
pure. This lot contained 0.028% water and less 
than 5 ppm free acid. Thirteen impurities that 
had a combined area 4.4% that of the major peak 
were detected by gas chromatographic system 1. 
The three largest peaks had areas 1.4%, 1.4%, 
and 0.92% that of the major peak. These impuri- 
ties were not identified. Thirteen impurities 
were detected by gas chromatographic system 2. 
Two impurities had areas of 1.3% and 1.6% rela- 
tive to that of the major peak. These impurities 
were not identified. The remaining impurities 
had a combined relative area of 0.64%. 

TABLE 2. IDENTITY AND SOURCE OF TRIBROMOMETHANE USED IN THE GAVAGE STUDIES 

Single- Administration Fourteen-Day Thirteen-Week 
Studies Studies Studies 

Two-year 
Studies 

Lot Numbers 
71221 71221 

Date of Initial Use 
12/7/78 4/2/79 

33595 

3/6/80 

33595; F11017 

Lot no. 33595--2/23/81; 
lot no. Fl1017--5/28/82 

Supplier 
Freeman Industries Freeman Industries Freeman Industries Freeman Industries 
(Tuckaho, NY) (Tuckaho, NY) (Tuckaho, NY) (Tuckaho, NY) 
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II. MATERIALS AND METHODS 

Cumulative data indicated that lot no. F11017, 
obtained as a clear, colorless liquid, was at least 
97% pure. Lot no. F11017 contained 0.012% 
water and less than 25 ppm free acid. Twelve 
impurities that had a combined area 2.6% that of 
the major peak were detected by gas chromato- 
graphic system 1. The largest peaks had areas 
1.3% and 0.8% that of the major peak. These im- 
purities were not identxed. However, analysis 
with standards and spiked samples on this gas 
chromatographic system indicated that chlorodi- 
bromomethane was not present at a concentra- 
tion greater than 0.01%. Gas chromatographic 
system 2 detected 10 impurities with a total area 
2.0% that of the major peak. The largest im- 
purity had a n  area 1.4% that of the major peak. 
This impurity was not identified. 

Stability studies performed by gas chromatog- 
raphy with the same column as that described 
above for system 2 indicated that  tribromo- 
methane was stable as a bulk chemical when 
kept for 2 weeks at  temperatures of 5" C or 
lower. Some deterioration was observed at  
25" C. The study laboratory stored several por- 
tions at -20" C as reference samples, and the 
rest was stored at 0" f 5" C. For the 2-year stud- 
ies, lot no. 33595 was distributed into amber 
vials that were sealed under nitrogen and stored 
at  -18" C or lower; lot no. F11017 was 

distributed into serum vials that  were flushed 
with argon and stored under the same condi- 
tions. Aliquots of tribromomethane used for 
dose preparation were stored at 0" f 16" C for 1 
month or less. Confirmation of the stability of 
the bulk chemical during the toxicology studies 
was shown by gas chromatographic analysis 
with the same column as that described above 
for system 2. No deterioration was seen over the 
course of the studies. The identity of the study 
chemical at the study laboratory was confirmed 
by infrared spectroscopy. 

PREPARATION AND 
CHARACTERIZATION OF 
DOSE MIXTURES 

Tribromomethane and corn oil were mixed to 
give the desired concentrations (Table 3). Dose 
mixture stability studies were performed by gas 
chromatography of methanol extracts with the 
same column as that described for system 1. Tri- 
bromomethane at 2% (w/v) in corn oil was found 
to be stable when stored a t  room temperature for 
up to 7 days. In the 13-week studies, dose mix- 
tures were stored at 0" & 5" C for no longer than 
14 days. In the 2-year studies, dose mixtures 
were stored at 0" k 6" C for no longer than 7 
days. 

MIXTURES IN THE GAVAGE STUDIES OF TABLE 3. PREPARATION AND STORAGE OF DOSE 
TRIBROMOMETH ANE 

Single- Administration Fourteen-Day Thirteen-Week 
Studies Studies Studies 

Two-year 
Studies 

Preparation 
Tribromomethane was Same as single-administration Weighed tribromomethane Same as 13-wk studies 
weighed into 50-ml studies was mixed by inversion with 
serum vials, sufficient 
corn oil was added to 
bring the total volume of 
the mixture to 20 ml, and 
the vials were vigorously 
shaken by hand for 10 sec, 
producing a clear solution 

the appropriate volume of corn 
oil in a ground-glass stoppered 
cylinder until visual homo- 
geneity was attained 

Maximum Storage Time 
I d  1 wk 2 wk 1 wk 

Storage Conditions 
4" c 4" C under nitrogen 0" & 5°C in the dark under 0" & 6" C in the dark under 

nitrogen nitrogen until 4/15/81 when 
nitrogen was replaced with 
argon 
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II. MATERIALS AND METHODS 

Analysis of dose mixtures was conducted peri- 
odically a t  the study laboratory by gas chroma- 
tography (same column as that described for 
system 1) after extraction with methanol con- 
taining 0.1 mg/ml n-amyl alcohol as an  internal 
standard. The results of analysis of dose mix- 
tures in the 13-week studies are shown in 
Table4. During the 2-year studies, the dose 
mixtures were analyzed periodically. Concen- 
trations ranged from 93% to 561% of the target 
values; the second highest concentration ob- 
served was 118% of the target value (Table 5) .  

The dose mixture containing 561% of the target 
concentration was administered to low dose 
male rats once and to low dose female rats twice. 
Because 40/42 dose mixtures analyzed were 
within 10% of the target concentrations, the dose 
mixtures were estimated to have been within 
specifications 95% of the time throughout the 
entire study. Results of periodic referee analysis 
performed by the analytical chemistry labora- 
tory were in generally good agreement with the 
results from the study laboratory (Table 6). 

TABLE 4. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF TRIBROMOMETHANE 

Concentration of Tribromomethane in Corn Oil (mg/ml) Determined as a 
Date Mixed Target Determined (a) Percent of Target 

03/06/80 

03/28/80 

2.4 
5 

10 
20 
40 
80 

2.4 
10 

3.9 
4.9 
7.3 

18.4 
38.1 
73.5 

2.2 
9.4 

(b) 162.5 
98 

(b) 73 
92 
95.3 
91.9 

W91.7 
(c) 94 

(a) Results of duplicate analysis 
(b) Out of specifications 
( c )  Remix 
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TABLE 5. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
TRIBROMOMETH ANE 

Date Mixed 

Concentration of Tribromornethane in Corn Oil 
for Target Concentration (mg/ml) (a) 

10 20 40 

02/19/81 _ _  19.8 40.0 
03/27/81 10.0 20.0 39.8 
04/02/81 _ _  (b) 112.2 _ _  
04/24/81 10.6 19.5 39.8 
07/10/81 10.2 19.6 41.1 
0911 1/81 9.3 19.3 39.1 
10/23/81 10.4 21.2 40.8 
11/27/81 10.2 19.3 40.3 
02/12/82 10.2 19.2 39.5 
04/23/82 10.3 19.5 39.1 
0611 1/82 (c) 11.8 19.9 39.8 
06/14/82 (d) 10.4 _ _  _ _  
08/20/82 9.9 19.8 40.3 
09/10/82 10.9 19.7 40.9 
12/03/82 9.3 20.4 39.2 
01/07/83 10.2 19.7 40.5 

Mean (mg/ml) 10.3 25.9 40.0 
Standard deviation 0.64 23.87 0.68 
Coefficient of variation (percent) 6.2 92.2 1.7 

Number of samples 13 15 14 
Range (mg/ml) 9.3-11.8 19.2-112.2 39.1-41.1 

(a) Results of duplicate analysis 
(b) Used for 2 days; analysis performed because of animals’ toxic response. If this value is excluded, the mean and standard 
deviation would be 19.8 and 0.52 mg/ml. 
(c) Out of specifications; used 1 day. 
(d) Remix; not included in mean. 

TABLE 8. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF TRIBROMOMETHANE 

Date Mixed 

Determined Concentration (mdml) 
Target Concentration Study Referee 

(mg/ml) Laboratory (a) Laboratory (b) 

04/24/81 
10/23/8 1 
04/23/82 
0911 0182 

20 
40 
10 
20 

19.5 19.11 
40.8 40.0 
10.3 10.16 
19.7 19.6 

(a) Results of duplicate analysis 
(b) Resuits of triplicate analysis 
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II. MATERIALS AND METHODS 

SINGLE-ADMINISTRATION STUDIES 

Five- to six-week-old male and female F344/N 
rats and 5- to 8-week-old male and  female 
B6C3F1 mice were obtained from Charles River 
Breeding Laboratories and held for 2 weeks be- 
fore the studies began. Groups of five rats and 
mice of each sex were administered a single dose 
of 125,250, 500,1,000, or 2,000 mg/kg tribromo- 
methane in corn oil by gavage and then were ob- 
served for 14 days. No controls were used. Ani- 
mals were housed five per cage and received 
water and feed ad libitum. Further details of 
animal maintenance are presented in Table 7. 
Rats and mice were observed two times per day. 
A necropsy was performed on at least one animal 
from each sex and dose group. 

FOURTEEN-DAY STUDIES 

Eight-week-old male and female F344/N rats 
and B6C3F1 mice were obtained from Charles 
River Breeding Laboratories and held for 17 
days (rats) or 15 days (mice) before the studies 
began. Groups of five rats of each sex and groups 
of five female mice were administered 0, 100, 
200,400,600, or 800 mg/kg tribromomethane in 
corn oil by gavage for 14 consecutive days. 
Groups of five male mice were administered 0, 
50,100,200,400, or 600 mg/kg. 

Animals were housed five per cage and received 
water and feed ad libitum. Details of animal 
maintenance are presented in Table 7. Rats and 
mice were observed two times per day. Rats 
were weighed once per day and mice, on days 0 
and 14 and at the end of the studies. A necropsy 
was performed on all animals. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of repeated ad- 
ministration of tribromomethane and to deter- 
mine the doses to be used in the 2-year studies. 

Four- to five-week-old F344/N rats and 5-  to 6- 
week-old B6C3F1 mice of each sex were obtained 
from Charles River Breeding Laboratories. Rats 
and mice were observed for 22 days before the 
studies began. Rats and mice were housed five 
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per cage in polycarbonate cages. Feed and water 
were available ad libitum. 

Groups of 10 rats of each sex were administered 
0, 12, 25, 50, 100, or 200 mg/kg tribromo- 
methane in corn oil by gavage, 5 days per week 
for 13 weeks. Groups of 10 mice of each sex re- 
ceived 0, 25, 50, 100, 200, or 400 mg/kg on the 
same schedule. Further experimental details 
are summarized in Table 7. 

Animals were observed two times per day; mori- 
bund animals were killed. Individual animal 
weights were recorded one time per week. At 
the end of the 13-week studies, survivors were 
killed. A necropsy was performed on all animals 
except those excessively autolyzed or canni- 
balized. Tissues and groups examined are listed 
in Table 7. 

TWO-YEAR STUDIES 

Study Design 

Groups of 50 rats of each sex and 50 female mice 
were administered 0, 100, or 200 mg/kg tribro- 
momethane in corn oil by gavage, 5 days per 
week for 103 weeks. Groups of 50 male mice 
were administered 0,50, or 100 mg/kg tribromo- 
methane on the same schedule. 

Source and Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female X C3H/HeN MTV-, male) 
mice used in these studies were produced under 
strict barrier conditions a t  Charles River Breed- 
ing Laboratories under a contract to the Car- 
cinogenesis Program. Breeding stock for the 
foundation colonies a t  the production facility 
originated at the National Institutes of Health 
Repository. Animals shipped for study were 
progeny of defined microflora-associated parents 
that were transferred from isolators to barrier- 
maintained rooms. Rats were shipped to the 
study laboratory at 4-5 weeks of age, and mice a t  
6 weeks of age. The rats were quarantined a t  
the study facility for 19 days, and the mice for 16 
days. Thereafter, a complete necropsy was per- 
formed on five animals of each sex and species to 



TABLE 7. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
O F  TRIBROMOMETHANE 

Single- Administration Fourteen-Day Thirteen-Week 
Studies Studies Studies 

Two-year  
Studies 

EXPERIMENTAL DESIGN 

Size of Study Groups 
5 males and 5 females of 
each species species 

Doses 
125,250,500.1,000, or Rata and female mice--O,lOO, 
2,000 mg/kg tribromo- 200,400,600, or 800 mg/kg 
methane in corn oil by tribromomethane in corn oil 
gavage; dose vol-3 mlkg by gavage; male mice--0,50, 

100,200,400, or 600 mg/kg; 
dose vol--5 mYkg 

5 males and 5 females of each 

Date of First Dose 
121717 8 4/2/79 

Date of Last Dose 
NIA 4/15/79 

Duration of Dosing 
Single dose 14 consecutive d 

Type and  Frequency of Observation 
Observed 1 X h for 3 h 
aRer dosing and 2 X d 
thereaRer 

Observed 2 X d; rata weighed 
1 X d; mice weighed initially, 
after 14 d, and at the end of 
the studies 

Necropsy and  Histologic Examinations 
Necropsy performed on 
a t  least one animal of 
each sex and dose group 

Necropsy performed on all 
animals; histologic exams not 
performed 

10 males and 10 females of each 
species 

Rats--0,12,25,50,100, or 200 
mg/kg tribromomethane in corn 
oil by gavage; mice--0,25,50, 
100,200, or 400 mg/kg; 
dose vol--5 mlkg  

3/6/80 

6/4/80 

5 d/wk for 13 wk 

Observed 2 X d; weighed 
initially and 1 X wk 
thereafter 

Necropsy performed on all 
animals; the following tissues 
examined histologically for 
vehicle control and high dose 
groups: adrenal glands, brain, 
colon, esophagus, eyes (if 
grossly abnormal), gallbladder 
(mice), gross lesions and tis- 
sue masses, heart, kidneys, 
liver, lungs and bronchi, mam- 
mary gland, mandibular lymph 
nodes, pancreas, parathyroid 
glands, pituitary gland, prostate, 
testes or ovaries/uterus, sali- 
vary glands, skin, small intes- 
tine, spinal cord (if neurologic 
signs present), spleen, ster- 
nebrae, stomach, thymus, thy- 
roid gland, trachea, and urinary 
bladder; liver and spleen of 200 
mg/kg male mice and liver of 
100 mg/kg male mice were also 
examined 
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50 males and 50 females of each 
species 

Rata and female mice--O,lOO, or 
200 mg/kg tribromomethane in 
corn oil by gavage; male mice- 
0,50, or 100 mg/kg; dose vol-- 
5 mlkg  

Rats--2/23/8 1 ; mice--3/6/8 1 

Rats--2114/83; mice--2/25/83 

5 d/wk for 103 wk 

Observed 2 X d; weighed 
1 X w k f o r l Z w k a n d l  Xmo 
thereafter 

Necropsy performed on all ani- 
mals; the following tissues ex- 
amined histologically for vehi- 
cle control and high dose groups 
and low dose male rats: abnor- 
mal regional lymph nodes, adre- 
nal glands, bone marrow, brain, 
colon, costochondral junction, 
duodenum, esophagus, gallblad- 
der (mice), heart, ileum, jeju- 
num, kidneys, larynx, liver, 
lungs and bronchi, mammary 

' gland, mandibular and mesen- 
teric lymph nodes, nose, pancre- 
as, parathyroid glands, pitui- 
tary gland, prostateltestedsem- 
inal vesicles or ovaries/uterus, 
salivary glands, skin, spleen, 
stomach, thymus, thyroid gland, 
tissue masses, trachea, and uri- 
nary bladder. Esophagus, gross 
lesions, kidneys, liver, lymph 
nodes, mammary gland, pancre- 
as, pituitary gland, salivary 
glands, thyroid gland, trachea, 
and uterus were examined for 
low dose female rats; bone, gross 
lesions, liver, lungs, stomach, 
and trachea were examined for 
low dose male mice; gross le- 
sions, liver, stomach, thyroid 
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TABLE 7. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
O F  TRIBROMOMETHANE (Continued) 

Single- Administration Fourteen-Day Thirteen-Week 
Studies Studies Studies 

Two-Y ear 
Studies 

Necropsy and Histologic Examinations (Continued) 
gland, and trachea were exam- 
ined for low dose female mice 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 
F344/N rats; B6C3F1 
mice 

Animal Source 
Charles River Breeding 
Laboratories (Portage, Laboratories (Portage, MI) 
MI) 

F344/N rats; B6C3F1 mice 

Charles River Breeding 

Study Laboratory 
EG&G Mason Research 
Institute Institute 

Method of Animal Identification 
Ear punch Ear punch 

Time Held Before Study 
14 d 

Age When Placed on Study 
Rats--7-8 wk; 10 wk 
mice-7-10 wk 

Age When Killed 

mice-9-12 wk 

EG&G Mason Research 

Rats--17 d; mice--15 d 

Rats--9-10 wk; 12-13 wk 

Necropsy Dates 
12/21/78 4/17M9-4/21/79 

F344lN rats; B6C3F1 mice F344/N rats, B6C3F1 mice 

Rats--Charles River Breeding 
Laboratories (Portage, MI, and 
Kingston, NY); mice--Charles 
River Breeding Laboratories 
(Portage, MI) 

Charles River Breeding 
Laboratories (Kingston, NY) 

EG&G Mason Research 
Institute Institute 

EG&G Mason Research 

Ear punch Ear punch 

22 d Rats--19 d; mice-16 d 

Rats-7-8 wk; mice--8-9 wk Rats--7-8 wk; mice-8 wk 

Rats-20-21 wk; mice-21-22 wk Rats-112 wk; mice-113 wk 

6/19/80-7/1/80 Rats--2/22/83-3/3/83; 
mice--3/7/83-3/16/83 

Method of Animal Distribution 
Assigned to groups such 
that for a given sex and studies studies according to a table of random 
species all cage weights numbers 
were approximately equal 

Feed 
Wayne Lab Meal@ Same as  single-administration NIH 07 Rat and Mouse Ration 
(Allied Mills, Chicago, studies (Zeigler Bros., Inc., Gardners, 
IL); available ad libitum PA); available ad libitum 

Bedding 
Aspen Bed (American 
Excelsior, Baltimore, studies (American Excelsior, studies 
MD) 

Same as single-administration Same as single-administration Animals were assigned to cages 

Same as  13-wk studies 

Same as  single-administration Aspen Bed hardwood chips 

Baltimore, MD) or Beta Chips 
hardwood chips (Agway, Inc., 
Syracuse, NY) when Aspen Bed 
was not available 

Same as single-administration 
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TABLE 7. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
O F  TRIBROMOMETHANE (Continued) 

Single-Administration Fourteen-Day Thirteen-Week 
Studies Studies Studies 

Two-year  
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Water 
Automatic watering sys- Same as single- Same as single-administration Same as  single- 
tern (Edstrom Indus- administration studies studies administration studies 
tries, Waterford, WI); 
available ad libitum 

Cages 
Polycarbonate (Lab 
Products, Inc., Rochelle studies studies tion studies 
Park, NJ) 

Cage Filters 
Nonwoven fiber filters 
(Snow Filtration, studies studies tion studies 
Cincinnati, OH) 

Animals per  Cage 
5 5 5 5 

Same as  single-administration Same as single-administration Same as  single-administra- 

Same as single-administration Same as single-administration Same as  single-administra- 

Other Chemicals on Study in  the Same Room 
None None None None 

Animal Room Environment 
Temp--20.6'-23.3" C; Temp--17.2"-31.1° C; Temp--18'-26' C; Temp--17.8"-26.7' C; 

fluorescent light 12 h/d; 
10 room air changes/h 

hum--17%-49%; h~m-108-3896; hum--44%-78%; h ~ - - 1 0 % - 7 8 % ;  
fluorescent light 12 h/d; 
10 room air changes/h 

fluorescent light 12 h/d; 
12 room air changes/h 

fluorescent light 12 h/d; 
13 room air changes/h 

assess their health status. Rats were placed on 
study at  7-8 weeks of age, and mice a t  8 weeks. 
The health of the animals was monitored during 
the course of the studies according to the pro- 
tocols of the NTP Sentinel Animal Program (Ap- 
pendix F). 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the ge- 
netic integrity of the inbred mice used to produce 
the hybrid B6C3F1 study animal. In mid-1981, 
data were obtained that showed incompatibility 
between the NIH C3H reference colony and the 
C3H colony from a Program supplier. In August 
1981, inbred parental lines of mice were further 
tested for genetic integrity via isozyme and pro- 
tein electrophoresis profiles that  demonstrate 
phenotype expressions of known genetic loci. 

The C57BL/6N mice were homogeneous at all 
loci tested. Eighty-five percent of the C3H mice 
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monitored were variant at one to three loci, in- 
dicating some heterogeneity in the C3H line 
from this supplier. Nevertheless, the genome of 
this line is more homogeneous than that of ran- 
domly bred stocks. 

Male d ice  from the C3H colony and female mice 
from the C57BL/6N colony were used as parents 
for the hybrid B6C3F1 mice used in these stud- 
ies. The influence of the potential genetic non- 
uniformity in the hybrid mice on these results is 
not known, but results of the studies are not af- 
fected because concurrent controls were included 
in each study. 

Animal Maintenance 

Animals were housed five per cage. Feed and 
water were available ad libitum. Further de- 
tails of animal maintenance a re  given in Ta- 
ble 7. 
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II. MATERIALS AND METHODS 

Clinical Examinations a n d  Pathology 

All animals were observed two times per day, 
and clinical signs were recorded a t  least once per 
month. Body weights were recorded once per 
week for the first 12 weeks of the study and once 
per month thereafter. Mean body weights were 
calculated for each group. Animals found 
moribund and those surviving to the end of the 
studies were humanely killed. A necropsy was 
performed on all animals including those found 
dead, unless they were excessively autolyzed or 
cannibalized, missexed, or missing. 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. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, em- 
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Histopathologic exami- 
nation of tissues was performed according to an  
“inverse pyramid” design (McConnell, 1983a,b). 
That is, complete histopathologic examinations 
(Table 7) were performed on all high dose and 
vehicle control animals and on low dose animals 
dying through month 21 of the study. In addi- 
tion, histopathologic examinations were per- 
formed on all grossly visible lesions in all dose 
groups. Potential target organs for chemically 
related neoplastic and nonneoplastic effects 
were identified from the short-term studies or 
the literature and were determined by examina- 
tion of the pathology data; these target organs/ 
tissues in the lower dose groups were examined 
histopathologically. If mortality in the highest 
dose group exceeded that in the vehicle control 
group by 15%, complete histopathologic exam- 
inations were performed on all animals in the 
second highest dose group in addition to those in 
the high dose group. 

When the pathology evaluation was completed, 
the slides, paraffin blocks, and residual wet tis- 
sues were sent to the NTP Archives for inven- 
tory, slide/block match, and wet tissue audit. 
The slides, individual animal data records, and 
pathology tables were sent to a n  independent 
quality assessment laboratory. The individual 
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animal records and tables were compared for 
accuracy, slides and tissue counts were verified, 
and histotechnique was evaluated. All tumor di- 
agnoses, all target tissues, and all tissues from a 
randomly selected 10% of the animals were eval- 
uated by a quality assessment pathologist. The 
quality assessment report and slides were sub- 
mitted to the Pathology Working Group (PWG) 
Chairperson, who reviewed all target tissues 
and those about which there was a disagreement 
between the laboratory and quality assessment 
pathologists. 

Representative slides selected by the Chairper- 
son were reviewed by the PWG, which includes 
the study pathologist, without knowledge of pre- 
viously rendered diagnoses. When the consen- 
sus diagnosis of the PWG differed from that of 
the laboratory pathologist, the laboratory path- 
ologist was asked to reconsider the original di- 
agnosis. This procedure has been described, in 
part, by Maronpot and Boorman (1982) and 
Boorman et al. (1985). The final diagnoses rep- 
resent a consensus of contractor pathologists and 
the NTP Pathology Working Group. For subse- 
quent analysis of pathology data, the diagnosed 
lesions for each tissue type are combined accord- 
ing to the guidelines of McConnell et al. (1986). 

Slides/tissues are generally not evaluated in a 
blind fashion (i.e., without knowledge of dose 
group) unless the lesions in question are subtle 
or unless there is a n  inconsistent diagnosis of le- 
sions by the laboratory pathologist. Nonneo- 
plastic lesions are not examined routinely by the 
quality assessment pathologist or PWG unless 
they are considered part of the toxic effect of the 
chemical. 

Statistical Methods 

Data Recording: Data on body weights for this 
experiment were recorded in the Carcinogenesis 
Bioassay Data System (Linhart e t  al., 1974). 
Other data elements were recorded in the Toxi- 
cology Data Management System. The data ele- 
ments include descriptive information on the 
chemicals, animals, experimental design, sur- 
vival, and individual pathology results, as rec- 
ommended by the International Union Against 
Cancer (Berenblum, 1969). 
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II. MATERIALS AND METHODS 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses at the time they were found to 
be missing or dead from other than natural  
causes; animals dying from natural causes were 
not censored. Statistical analyses for a possible 
dose-related effect on survival used the method 
of Cox (1972) for testing two groups for equality 
and Tarone’s (1975) life table test for a dose- 
related trend. When significant survival differ- 
ences were detected, additional analyses using 
these procedures were carried out to determine 
the time point a t  which significant differences in 
the survival curves were first detected. All re- 
ported P values for the survival analysis are  
two-sided. 

Calculation of Incidence: The incidence of neo- 
plastic or nonneoplastic lesions is given as  the 
ratio of the number of animals bearing such le- 
sions at  a specific anatomic site to the number of 
animals in which that site was examined. In 
most instances, the denominators include only 
those animals for which the site was examined 
histologically. However, when macroscopic ex- 
amination was required to detect lesions (e.g., 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
at multiple sites (e.g., lymphomas), the denomi- 
nators 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: life table tests, logistic regression, and 
Fisher exactlcochran-Armitage trend analyses. 
Tests of significance include pairwise compari- 
sons of high dose and low dose groups with vehi- 
cle controls and tests for overall dose-response 
trends. For studies in which administration of 
the study compound 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 inter- 
pretation of the data will depend on the extent to 
which the tumor under consideration is regarded 
a s  being the  cause of death.  Cont inui ty-  
corrected tests are used in the analysis of tumor 
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incidence, and reported P values are one-sided. 
The procedures described below also were used 
to evaluate selected nonneoplastic lesions. 

Life Table Analyses--This method of analysis as- 
sumes that all tumors of a given type observed in 
animals dying before the end of the study were 
“fatal”; i.e., they either directly or indirectly 
caused the death of the animal. According to 
this approach, the proportions of tumor-bearing 
animals in the dosed and vehicle control groups 
were compared a t  each point in time at  which an  
animal died with a tumor of interest. The de- 
nominators of these proportions were the total 
number of animals a t  risk in each group. These 
results, including the data from animals killed 
a t  the end of the study, were then combined by 
the Mantel-Haenszel method (1959) to obtain an  
overall P value. This method of adjusting for in- 
tercurrent mortality is the life table method of 
Cox (1972) and of Tarone (1975). The under- 
lying variable considered by this analysis is time 
to death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

Logistic Regression Analyses--This method of 
analysis assumes that all tumors of a given type 
were “incidental”; i.e., they did not alter the risk 
of death and were discovered merely as the re- 
sult of death from an  unrelated cause. Accord- 
ing to this approach, tumor prevalence was mod- 
eled as a logistic function of dose and time. Both 
linear and quadratic terms in time were incor- 
porated initially, and the quadratic term was 
eliminated if it did not significantly enhance the 
fit of the model. The dosed and vehicle control 
groups were compared on the basis of the likeli- 
hood score test for the regression coefficient of 
dose. This method of adjusting for intercurrent 
mortality is the prevalence analysis of Dinse and 
Lagakos (1983), further described and illus- 
trated by Dinse and Haseman (1986). If the tu- 
mor type is nonlethal, this comparison of the 
time-specific tumor prevalence also provides a 
comparison of the time-specific tumor incidences 
(McKnight and Crowley, 1984). 
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II. MATERIALS AND METHODS 

Fisher Exact/Cochran-Armitage Trend Analy- 
ses--In addition to survival-adjusted methods, 
the results of the Fisher exact test for pairwise 
comparisons and the Cochran-Armitage linear 
trend test (Armitage, 1971; Gart et al., 1979) are 
given in the appendixes containing the analyses 
of tumor incidence. These two tests are based on 
the overall proportion of tumor-bearing animals 
and do not adjust for survival differences. 
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Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overall assess- 
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con- 
trol data base (Haseman et al., 1984, 1985) are 
included for those tumors appearing to show 
compound-related effects. 
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III. RESULTS: RATS 

SINGLE-ADMINISTRATION STUDIES 

All 10 rats that received 2,000 mg/kg tribromo- 
methane and 315 males and 3/5 females that re- 
ceived 1,000 mg/kg died on the day of dosing (Ta- 
ble 8). Shallow breathing was observed for rats 
that received 1,000 or 2,000 mg/kg. 

FOURTEEN-DAY STUDIES 

All rats that received 600 or 800 mg/kg and 1/5 

males that received 400 mg/kg tribromomethane 
died before the end of the studies (Table 9). 
These rats were lethargic, had labored and shal- 
low breathing, and were ataxic. Increased lacri- 
mation was observed for the 800 mg/kg group. 
Final mean body weights of rats that received 
400 mg/kg were 14% lower than that of vehicle 
controls for males and 4% lower for females. The 
thyroid gland was enlarged in 2/5 males and 215 
females that received 800 mg/kg and in  1/5 
males that received 400 mg/kg. 

TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SINGLE-ADMINISTRATION 
GAVAGE STUDIES OF TRIBROMOMETHANE 

Mean Body Weights (grams) 
Dose Survival (a) Initial (b) Final Change (c) 

(mgntg) 

MALE (d) 

125 
250 
500 

1,000 
2,000 

FEMALE (d) 

125 
250 
500 

1.000 
2,000 

515 
515 
515 
215 
015 

515 
515 
515 
215 
015 

144 f 6 
142 f 5 
144 f 8 
145f3 
144 f 4 

127 f 2 
126 f 3 
126 f 2 
126 f 2 
126 f 1 

202 f 6 
207 f 7 
199 f 8 
193 f 2 

(e) 

148 f 4 
146 f 4 
141 f 2 
147 f 4 

(e) 

+58 f 4 
+65 f 3 
+55 f 3 
+45 f 3 

(e) 

+21 f 3 
+20 f 2 
+lS f 1 
+19 f 1 

(e) 

(a) Number surviving/number initially in the group; all deaths occurred on day 1. 
(b) Initial group mean body weight f standard error of the mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) LD,, by Spearman-Karber method: 933 mg/kg (95% confidence interval: 669-1.301 mg/kg) 
(e) No data are reported due to the 100% mortality in this group. 
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TABLE 9. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF TRIBROMOMETHANE 

Mean Body Weights (grams) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(m*tx) (percent) 

MALE 

0 
100 
200 
400 
600 
800 

FEMALE 

0 
100 
200 
400 
600 
800 

515 
515 
515 

(d) 4/5 
(e) 015 
(g) 015 

515 
515 
515 
515 

(h)O/5 
(i) 015 

143 f 4 
143 f 5 
143 f 4 
144 f 4 
143 f 3 
143 f 4 

114 f 2 
114 f 2 
114 * 2 
114 f 2 
114 f 2 
114 f 2 

201 f S  
210 f 5 
202 f 6 
173 f 6 
(D 
(0 

138 f 3 
146 f 3 
142 f 1 
132 f 4 
cn 
(0 

+58 f 2 
+67 f 3 
+59 f 2 
+27 f 7 

(D 
(D 

+24 f 2 
+32 f 2 
+28 k 2 
+18 f 4 

(D 
(0 

104 
104 
86 
(D 
(0 

106 
103 
96 
(D 
(0 

(a) Number surviving/number initially in the group 
(b)Initial group mean body weight f standard error of the mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) Day of death: 16 
(e) Day of death: 7,8,9,10,10 
(0 No data are reported due to the 100% mortality in this group. 
(g) Day of death: 4,4,5,5,6 
(h) Day of death: 5.6,6,7,7 
(i) Day ofdeath: 5,5,5,6,6 

THIRTEEN-WEEK STUDIES 

None of the rats  died before the end of the 
studies (Table 10). Final mean body weights of 
dosed and vehicle control rats were comparable. 
All males that received 100 or 200 mg/kg tribro- 
momethane and all females that received 200 
mg/kg were lethargic. Hepatocellular vacuoliza- 
tion was observed in most male rats ( lol l0  a t  
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200 mg/kg, 8/10 at 100 mg/kg, 8/10 at 50 mg/kg, 
5/10 at 25 mgikg, 6/10 a t  12 mg/kg, and 3/10 
vehicle controls). The vacuoles were more 
numerous in the 200 mgikg group. This liver 
lesion, which was not seen in females, was char- 
acterized by the presence of well-demarcated 
vacuoles in the cytoplasm of hepatocytes; larger 
vacuoles crowded the nuclei towards the periph- 
ery of the cells. 
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TABLE 10. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF TRIBROMOMETHANE 

Mean Body Weights (grams) Final Weight Relative 

(percent) 
Dose Survival (a) Initial (b) Final (c) Change (d) to Vehicle Controls 

(mgflrg) 

MALE 

0 
12 
25 
50 
100 
200 

FEMALE 

0 
12 
25 
50 
100 
200 

10110 
10/10 
10/10 
10110 
10110 
10/10 

10/10 
10/10 
10/10 
10/10 
10/10 
10/10 

158 f 3 
160 k 3 
158 f 4 
160 f 3 
158 f 3 
159 k 3 

124 f 1 
124 f 1 
124 f 1 
123 f 1 
124 f 1 
124 f 1 

346 f 7 
339 f 4 
348 f 5 
369 f 6 
359 f 4 
331 f 4 

204 f 3 
206 f 4 
210 f 2 
206 f 4 
214 f 3 
205 f 4 

+188 f 5 
+179 f 5 
+190 k 6 
+199 It 6 
+201 f 5 
+172 f 6 

+80 f 2 
+82 f 3 
+86 f 1 
+83 +, 4 
+90 f 2 
+81 f 4  

98 
101 
104 
104 
96 

101 
103 
101 
105 
100 

(a) Number surviving/number initially in the group 
(b) Initial group mean body weight k standard error of the mean 
(c) Takenat week 12 of the studies 
(d) Mean body weight change of the group k standard error of the mean 

Dose Selection Rationale: Because of the 100% 
mortality in rats of each sex a t  600 mg/kg and 
lower body weights a t  400 mg/kg in the 14-day 
studies, doses selected for rats in the 2-year stud- 
ies were 100 and 200 mg/kg tribromomethane, 
administered in corn oil by gavage, 5 days per 
week. Hepatocellular vacuolization, which was 
observed in vehicle control and dosed male rats 
in the 13-week study, was not considered to be 
potentially life threatening for the 2-year 
studies. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of high dose male rats were 

7%-11% lower than those of vehicle controls be- 
tween weeks 6 and 16 and 12%-28% lower there- 
after (Table 11 and Figure 3). Mean body 
weights of low dose male rats were 5%-14% 
lower than those of vehicle controls from week 
44 to the end of the study. Mean body weights of 
high dose female rats were 5%-10% lower than 
those of vehicle controls between weeks 24 and 
44 and 10%-25% lower thereafter. Compound- 
related clinical signs in rats included lethargy in 
males and females and aggressiveness in males. 
On April 2, 1981, all low dose rats received 500 
mg/kg instead of 100 mg/kg; on April 3, 1981, 
two-thirds of the low dose female rats again re- 
ceived 500 mg/kg instead of 100 mg/kg. These 
animals appeared lethargic and sedated after 
they were dosed. 
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TABLE 11. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES 
OF TRIBROMOMETHANE 

Weeks Vehicle Control 100 m 200 mwka 
on Av. Wt. No. of Av. Wt. wt.  ( p e r c e z t f  No. o~ Av. Wt. Wt. (percent of No. of 

Study (grams) Survivors (grams) veh. controls) Survivors (grams) veh. controls) Survivors 

MALE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 
104 

FEMALE 

7 
8 
9 
10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 
104 

154 
190 
221 
245 
265 
282 
297 
310 
321 
33 1 
336 
345 
370 
391 
408 
425 
435 
444 
451 
462 
469 
476 
486 
489 
499 
485 
490 
490 
490 
482 
481 
488 
516 
500 
461 

116 
135 
149 
160 
171 
180 
185 
190 
193 
199 
201 
207 
215 
223 
228 
236 
241 
248 
252 
264 
273 
282 
290 
298 
308 
315 
322 
328 
336 
338 
341 
348 
353 
359 
350 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
48 
48 
47 
41 
45 
43 
43 
41 
39 
37 
36 
34 
34 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
48 
43 
38 
36 
35 

145 
184 
220 
246 
268 
275 
287 
302 
317 
328 
332 
345 
367 
386 
396 
412 
421 
426 
43 1 
436 
445 
449 
455 
452 
454 
449 
452 
446 
443 
444 
449 
443 
442 
442 
424 

119 
139 
156 
167 
177 
182 
117 
187 
197 
203 
205 
211 
223 
230 
234 
242 
250 
257 
261 
269 
279 
296 
302 
307 
315 
318 
322 
325 
331 
335 
338 
348 
351 
350 
336 

94 
97 
100 
100 
101 
98 
97 
97 
99 
99 
99 
100 
99 
99 
97 
97 
97 
96 
96 
94 
95 
94 
94 
92 
91 
93 
92 
91 
90 
92 
92 
91 
86 
88 
92 

103 
103 
105 
104 
104 
101 
96 
98 
102 
102 
102 
102 
104 
103 
103 
103 
104 
104 
104 
102 
102 
10s 
104 
103 
102 
101 
100 
99 
99 
99 
97 
100 
99 
97 
96 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
46 
41 
:36 
:33 
30 

50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
48 
48 
48 
47 
47 
41 
47 
47 
46 
46 
46 
45 
45 
45 
45 
45 
45 
44 
43 
40 
38 
33 
32 
29 
28 

146 
184 
221 
246 
262 
261 
275 
283 
295 
302 
301 
322 
331 
343 
354 
363 
364 
367 
369 
368 
378 
378 
391 
383 
390 
361 
387 
379 
373 
377 
387 
369 
373 
377 
364 

113 
130 
146 
159 
166 
166 
179 
181 

191 
194 
201 
209 
222 
211 
221 
230 
230 
239 
238 
246 
250 
2 57 
253 
266 
269 
269 
2 68 
264 
270 
273 
266 
266 
268 
261 

la8 

95 
97 
100 
100 
99 
93 
93 
91 
92 
91 
91 
93 
89 
88 
87 
85 
84 
83 
82 
80 
81 
79 
80 
78 
18 
79 
79 
77 
76 
78 
79 
76 
72 
75 
79 

97 
96 
98 
99 
97 
92 
97 
95 
97 
96 
91 
97 
97 
100 
95 
94 
95 
93 
95 
90 
90 
89 
89 
85 
86 
85 
84 
82 
79 
80 
79 
76 
75 
75 
75 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
47 
46 
43 
43 
41 
40 
40 
40 
40 
39 
37 
37 
37 
32 
24 
16 
15 
11 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
48 
48 
48 
48 
47 
47 
46 
46 
44 
43 
42 
39 
36 
36 
28 
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FIGURE 3. GROWTH CURVES FOR RATS ADMINISTERED TRIBROMOMETHANE 
IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats administered tribromo- 
methane at the doses used in these studies and 
for vehicle controls are shown in Table 12 and in 
the Kaplan and Meier curves in Figure 4. Sur- 
vival of the high dose group of male rats was sig- 
nificantly lower than that of the vehicle controls 
after week 91. No significant differences in sur- 
vival were observed between any groups of fe- 
male rats. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi- 

cant or biologically noteworthy changes in the 
incidences of ra ts  with neoplastic or nonneo- 
plastic lesions of the large intestine, liver, sali- 
vary glands, prostate gland, forestomach, lung, 
preputial gland, hematopoietic system, uterus, 
spleen, anterior pituitary gland, and mammary 
gland. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu- 
mors that occurred with an incidence of at least 
5% in a t  least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes A 
and B for male and female rats, respectively. 

TABLE 12. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF TRIBROMOMETHANE 

Vehicle Control 100 200 mg/kg 

MALE (a) 

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

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Killed at termination 
Died during termination period 
Survival P values (c) 

50 
16 
34 

<0.001 

50 
16 
0 

33 
1 
0.329 

50 
20 
30 
0.771 

50 
(d) 22 

0 
28 
0 
0.150 

50 
39 
11 

<0.001 

50 
21 

1 
28 
0 
0.358 

(a) First day of terminal-kill period: male-734; female-735 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
(d) The deaths of two animals may have been the result of overdosing. 
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III. RESULTS: RATS 

Large Intestine: Adenomatous polyps in female 
rats and adenomatous polyps or adenocarcino- 
mas (combined) in male and female rats  oc- 
curred with significant positive trends (Ta- 
ble 13). An adenocarcinoma of the large intes- 
tine was diagnosed in one high dose male rat and 
in two high dose female rats. The adenomatous 
polyps and adenocarcinomas were pedunculated 
masses up to 1 cm in diameter and occurred in 
the colon and rectum. Adenomatous polyps con- 
sisted of a thickened, folded, mucosal epithelium 

overlying a stalk of mature connective tissue. 
The epithelium was arranged in glandular or tu- 
bular patterns and did not show normal differen- 
tiation into goblet cells or absorptive cells. The 
three a.denocarcinomas were minimally invasive 
and arose from adenomatous polyps. These le- 
sions were diagnosed as adenocarcinomas be- 
cause invasion or extension through the muscu- 
laris mucosa occurred and/or the epithelium 
exhibited marked dysplasia and cellular atypia. 

TABLE 13. ANALYSIS O F  LARGE INTESTINE TUMORS IN RATS IN THE TWO-YEAR GAVAGE 
STUDIES O F  TRIBROMOMETHANE (a) 

Vehicle Control 100 mg/kg 200 mg/kg 

MALE 

Adenomatous Polyp 
Overall Rates 

Adenocarcinoma 
Overall Rates 

Adenomatous Polyp or Adenocarcinoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

FEMALE 

Adenomatous Polyp 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

Adenocarcinoma 
Overall Rates 

Adenomatous Polyp or Adenocarcinoma (e) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

0150 (0%) 

0150 (0%) 

0150 (0%) 
0.0% 
0134 (0%) 

P=0.008 
P = 0.030 

0150 (0%) 
0.0% 
0/34 (0%) 

P=0.004 
P = 0.004 

0/50 (0%) 

0/50 (0%) 
0.0% 
0134 (0%) 

P < 0.001 
P<O.OOl 

0150 (0%) 

0150 (0%) 

0/50 (0%) 
0.0% 
0130 (0%) 

(C) 
(C) 

(d) 1150 (2%) 
3.6% 
1/28 (4%) 
735 
P=0.461 
P = 0.46 1 

0150 (0%) 

(d) 1/50 (2%) 
3.6% 
1128 (4%) 
735 
P=0.461 
P=0.461 

2/50 (4%) 

1/50 (2%) 

3/50 (6%) 
18.8% 
111 1 (9%) 
527 
P = 0.028 
P = 0.092 

6/50 (12%) 
17.6% 
3/28 (11%) 
637 
P=0.013 
P=0.015 

2/50 (4%) 

8/50 (16%) 
24.2% 
5/28 (18%) 
637 
P = 0.003 
P = 0.004 

(a) The statistical analyses used are discussed in Section II (Statistical Methods) and Table A3 (footnotes). 
(b) Historical incidence of adenomatous polyps, NOS, cystadenomas, NOS, or adenocarcinomas, NOS (combined) a t  study 
laboratory (mean): 01285; historical incidence in NTP studies: 3/1,873 (0.2%) 
(c) No P value is reported because no tumors were observed in the 100 mg/kg and vehicle control groups. 
(d) Gross lesions and target organs in low dose animals were examined according to protocol (see Table 7); 18 large intestines 
were examined microscopically. 
(e) No large intestine tumors have been observed in 1,888 corn oil vehicle control female F344/N rats. 
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III. RESULTS: RATS 

Liver: Chemical-related nonneoplastic lesions, 
including fatty change, active chronic inflamma- 
tion, and necrosis, occurred in the liver of dosed 
rats (Table 14). The fatty change was focal or 
diffuse in distribution and was characterized by 
distinct vacuoles within the cytoplasm of hepato- 
cytes. The active chronic inflammation con- 
sisted of randomly scattered small foci of macro- 
phages and lymphocytes. The macrophages 
sometimes contained granular golden pigment 
and clear vacuoles that probably represented fat. 
The necrosis that occurred in high dose male 
rats was minimal in extent and usually con- 
sisted of a few scattered individual pyknotic hep- 
atocytes. Necrosis of the liver was decreased in 
dosed female rats. 

The incidence of eosinophilic foci was slightly in- 
creased in low dose male rats, and the incidences 
of mixed cell foci were increased in dosed female 
rats relative to those in vehicle controls. De- 
creased incidences of basophilic foci were also 

observed in dosed female rats. These lesions 
were characterized by distinct foci of hepatocytes 
with cytoplasm t h a t  s ta ined  abnormally.  
Eosinophilic staining is often associated with in- 
creased amounts of smooth endoplasmic reticu- 
lum in the cytoplasm, whereas basophilic stain- 
ing is usually associated with increased amounts 
of rough endoplasmic reticulum. Mixed cell foci 
usually contain cells that are either eosinophilic 
or basophilic and clear cells that contain glyco- 
gen or fat. 

The incidence of neoplastic nodules in low dose 
female rats was increased slightly relative to 
that in vehicle controls. Most of the neoplastic 
nodules observed in dosed female rats did not fit 
the current NTP criteria for hepatocellular ade- 
nomas (Maronpot et al., 1986); in one high dose 
female rat, there was sufficient cellular atypia to 
fit the current criteria for hepatocellular adeno- 
ma. The neoplastic nodules were generally large 
foci with minimal compression caused by 

TABLE '14. ANALYSIS OF LIVER LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
TRIBROMOMETH ANE 

Vehicle Control 100 m a g  200 mg/kg 

MALE 

Fatty Change 
Active Chronic Inflammation 
Necrosis 
Eosinophilic Focus 
Basophilic Focus 
Mixed Cell Focus 

Neoplastic Nodule 
Hepatocellular Carcinoma 

FEMALE 

Fatty Change 
Active Chronic Inflammation 
N e c r o s i s 
Eosinophilic Focus 
Basophilic Focus 
Mixed Cell Focus 

Neoplastic Nodule (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Tests 

23/50 (46%) 
0/50 (0%) 
7/50 (14%) 
1/50 (2%) 
28/50 (56%) 
10150 (20%) 

4/50 (8%) 
1/50 (2%) 

49/50 (98%) 
29/50 (58%) 
3/50 (6%) 
9/50 (18%) 
20/50 (40%) 
11/50 (22%) 

2/50 (4%) 
0150 (0%) 

50/50 (100%) 
23/50 (46%) 
20/50 (40%) 
4/50 (8%) 
24/50 (48%) 
8/50 (16%) 

0150 (0%) 
1/50 (2%) 

19/50 (38%) 39/49 (80%) 46/50 (92%) 
9/50 (18%) 8/49 (16%) 27/50 (54%) 
11/50 (22%) 3/49 (6%) 2/50 (4%) 
0/50 (0%) 2/49 (4%) 2/50 (4%) 
28/50 (56%) 15/49 (31%) 13/50 (26%) 
8/50 (16%) 25/49 (51%) 28/50 (56%) 

0150 (0%) 4/49 (8%) 2/50 (4%) 
0.0% 13.8% 7.1% 
0134 (0%) 3/28 (11%) 2/28 (7%) 

P = 0.173 P = 0.043 P=0.196 
P=0.197 P=0.038 P= 0.196 

722 735 

(a) Historical incidence at study laboratory (mean f SD): 6/300 (2% f 1%); historical incidence in NTP studies: 3311,945 
(2% f 2%); no hepatocellular carcinomas have been observed. 
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III. RESULTS: RATS 

enlargement of cells or cytoplasmic vacuoliza- 
tion. There was no loss of normal architectural 
features. 

Salivary Glands: Squamous metaplasia of the 
ducts and chronic active inflammation occurred 
primarily in the submaxillary salivary gland of 
dosed rats (squamous metaplasia--male: vehicle 
control, 0/50; low dose, 15/50; high dose, 31/48; 
female: 0149; 10149; 16/50; chronic active in- 
flammation--male: 0/50; 16/50; 25/48; female: 
0149; 9/49; 18/50). The affected ducts had a thick 
stratified squamous epithelium instead of the 
usual single layer of columnar epithelium. Ac- 
cumulations of neutrophils were sometimes 
present in the ducts, and there were infiltrations 
of lymphocytes and macrophages surrounding 
the ducts and within the interstitium of the 
gland. The morphologic appearance of these 
changes was characteristic of a sialodacryo- 
adenitis virus infection. 

Prostate Gland: Squamous metaplasia of the 
prostate gland was observed at increased inci- 
dences in dosed male rats (vehicle control, 2/49; 
low dose, 6/46; high dose, 12/50). Inflammation 
was observed a t  similar rates in vehicle control 
and dosed rats. 

Forestomach: Ulcers were observed at increased 
incidences in dosed male rats (vehicle control, 
1/49; low dose, 5/50; high dose, 10/50). 

Lung: Chronic active inflammation was ob- 
served at increased incidences in dosed male rats 
(vehicle control, 1/50; low dose, 7/50; high dose, 
15/50). 

Preputial Gland: Carcinomas and adenomas or 
carcinomas (combined) in male ra ts  occurred 
with significant negative trends; the incidence of 
adenomas or carcinomas (combined) in high dose 
male rats was significantly lower than that in 
the vehicle controls (Table 15). 

TABLE 15. ANALYSIS OF PREPUTIAL GLAND TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF TRIBROMOMETHANE 

Vehicle Control 100 mg/kg 200 msflte 

Adenoma 
Overall Rates 

Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 

Adenoma or Carcinoma (a) 
OverallRates . 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 

4/41 (10%) 

6/41 (15%) 
18.4% 
5/30 (17%) 
377 
P=O.l8lN 
P=0.042N 

10/41(24%) 
3 1.4% 
9/30 (30%) 
377 
P=0.077N 
P = O.OO8N 

3/38 (8%) 

2/38 (5%) 
7.5% 
1/21 (5%) 
680 
P-0.235N 
P = 0.160N 

5/38 (13%) 
18.7% 
3121 (14%) 
632 
P-0.288N 
P’=0.163N 

0134 (0%) 

1/34 (3%) 
7.7% 
0110 (0%)  
716 
P=0.336N 
P=0.083N 

1/34 (3%) 
7.7% 
0/10 (0%) 
716 
P= 0.134N 
P = 0.014N 

(a) Historical incidence of preputial gland tumors at study laboratory (mean f SD): 12/300 (4% f 2%); historical incidence in 
NTP studies: 79/1,949 (4% f 4%) 
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III. RESULTS: RATS 

Hematopoietic System: Mononuclear cell leuke- 
mia in male rats occurred with a negative trend; 
the incidence in the high dose group was lower 
than that in the vehicle controls (Table 16). 

Uterus: Stromal polyps in female rats occurred 
with a significant negative trend; the incidence 
in the high dose group was significantly lower 
than that in the vehicle controls (Table 17). 

Spleen: Pigmentation occurred at an  increased 
incidence in high dose female rats (vehicle con- 
trol, 7/49; low dose, 6/28; high dose, 29/50). The 
golden-brown granular pigment, characteristic 

of hemosiderin, was present in macrophages. 

Anterior Pituitary Gland: Adenomas of the pars 
distalis in female rats occurred with a signifi- 
cant negative trend; the incidences of adenomas 
in high dose male and dosed female rats were 
lower than those in the vehicle controls (Ta- 
ble 18). 

Mammary Gland: Fibroadenomas in female 
rats occurred with a significant negative trend; 
the incidence in the high dose group was lower 
than that in the vehicle controls (Table 19). Ga- 
lactocele was diagnosed in 25/44 vehicle control, 
4/42 low dose, and 1/39 high dose female rats. 

TABLE 16. ANALYSIS OF MONONUCLEAR CELL LEUKEMIA IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (a) 

Vehicle Control 100 mgkg 200 mgkg 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 

9/50 (18%) 5/50 (10%) 14/50 (28%) 
34.8% 20.4% 27.8% 
9/34 (26%) 1/30 (3%) 2/11 (18%) 
483 600 600 
P = 0.190N P=0.193N P = 0.364N 
P=0.019N P=0.200N P = 0.048N 

(a) Historical incidence of leukemia a t  study laboratory (mean f SD): 441300 (15% f 4%); historical incidence in NTP 
studies: 32111,949 (16% f 9%) 

TABLE 17. ANALYSIS OF UTERINE STROMAL POLYPS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (a) 

Vehicle Control 100 mgkg 200 mg/kg 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 

2/50 (4%) 

1/28 (4%) 

10/49 (20%) 9/50 (18%) 
26.4% 26.1% 6.2% 
7/34 (21%) 5/28 (18%) 
630 538 665 
P = 0.040N P=0.519 P=0.033N 
P=0.018N P=0.572N P = 0.019N 

(a) Historical incidence of endometrial stromal polyps a t  study laboratory (mean f SD): 70/299 (23% f 3%); historical 
incidence in NTPstudies: 39011,934 (20% f 7%) 
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TABLE 18. ANALYSIS OF ANTERIOR PITUITARY GLAND LESIONS IN RATS IN THE TWO-YEAR 
GAVAGE STUDIES OF TRIBROMOMETHANE 

Vehicle Control 100 mg/kg 200 mg/kg 

MALE 

Hyperplasia 

Adenoma (a) 

Overall Rates 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Testa 

FEMALE 

Hyperplasia 
Overall Rates 

Adenoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

9/50 (18%) 

12/50 (24%) 
31.8% 
9/34 (26%) 
586 
P=0.149N 
P=0.024N 

9/48 (19%) 

29148 (60%) 
66.6% 
19/33 (58%) 
610 
P = 0.043N 
P = O.OO8N 

26/48 (54%) 

12/48 (25%) 
3 1.9% 
6/28 (21%) 
537 
P=0.508 
P = 0.567 

15/46 (33%) 

12/46 (26%) 
38.1% 
8/26 (31%) 
538 
P = 0.0 19N 
P=0.003N 

15/45 (33%) 

2/45 (4%) 
11.8% 
1/11 (9%) 
616 
P =  0.130N 
P = 0.028N 

7/48 (15%) 

16/48 (33%) 
46.9% 
10127 (37%) 
582 
P = 0.067N 
P=O.OllN 

(a) Historical incidence of adenomas or carcinomas (combined) a t  study laboratory (mean f SD): 1071294 (36% f 5%); 
historical incidence in NTP studies: 55611,898 (29% f 10%) 
(b) Historical incidence of adenomas or carcinomas (combined) a t  study laboratory (mean f SD): 1261294 (43% f 11%); 
historical incidence in NTPstudies: 811/1,901 (43% f 10%) 

TABLE 19. ANALYSIS OF MAMMARY GLAND TUMORS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY O F  TRIBROMOMETHANE 

~ 

Vehicle Control 100 mg/kg 200 mgkg 

Fibroadenoma (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

22/50 (44%) 17/50 (34%) 6/50(12%) 
50.9% 51.0% 18.2% 
14/34(41%) 12/28 (43%) 4/28(14%) 
537 618 543 
P = 0.004N P =0.509N P = 0.004N 
P 0.001N P = 0.369N P e 0.001N 

(a) Historical incidence at study laboratory (mean f SD): 104/300 (35% f 3%); historical incidence in NTP studies: 55811,950 
(29% k 9%) 
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III. RESULTS: MICE 

SINGLE-ADMINISTRATION STUDIES FOURTEEN-DAY STUDIES 

All mice that received 2,000 mg/kg, 4/5 males 
and 2/5 females that received 1,000 mg/kg, and 
115 males that received 500 mg/kg tribromo- 
methane died before the end of the studies (Ta- 
ble 20). The final mean body weights of mice 
that survived to the end of the studies were not 
affected by tribromome t hane administration. 
Males that received 500, 1,000, or 2,000 mg/kg 
and females that received 1,000 or 2,000 mg/kg 
were lethargic. Shallow breathing was observed 
for males that received 1,000 or 2,000 mg/kg. 

One of five males that received 600 mg/kg and 
1/5 females that received 800 mg/kg died before 
the end of the studies (Table 21). Final mean 
body weights of dosed and vehicle control mice 
were comparable. Ataxia and lethargy were ob- 
served in males that received 600 mg/kg tribro- 
momethane and in females that received 600 or 
800 mg/kg. Raised nodules of the stomach were 
observed at necropsy in 4/5 males that received 
400 mg/kg, in 3/5 males and 2/5 females that re- 
ceived 600 mg/kg, and in 1/5 females that  re- 
ceived 800 mg/kg. 

TABLE 20. SURVIVAL AND MEAN BODY WEIGHTS O F  MICE IN THE SINGLE-ADMINISTRATION 
GAVAGE STUDIES O F  TRIBROMOMETHANE 

Mean Body Weights (grams) 
Dose Survival (a) Initial (b) Final Change (c) 

(mgfltg) 

MALE (d) 

125 
250 
500 

1,000 
2,000 

FEMALE (i) 

125 
250 
500 

1,000 
2,000 

515 
515 

(e) 4/5 
(D 115 
(8) 015 

515 
515 
515 

( j) 315 
(g) 015 

25.3 f 0.9 
25.0 f 0.5 
25.3 f 0.7 
25.4 f 0.7 
25.2 f 1.0 

18.5 f 0.6 
18.5 f 0.4 
18.5 f 0.5 
18.8 f 0.5 
18.8 f 0.6 

28.2 f 0.7 
26.8 f 0.5 
28.5 f 1.0 
26.0 

(h) 

19.4 & 0.7 
19.4 f 0.5 
20.6 f 0.7 
21.0 f 1.0 

(h) 

+2.9 f 0.2 
+1.8 f 0.5 
+3.2 f 0.9 
+0.7 

(h) 

+0.9 +- 0.2 
+0.9 It 0.4 
+2.1 f 0.4 
+2.1 k 0.9 

(h) 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight k standard error of the mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) LD,, by probit analysis: 707 mg/kg (95% confidence interval: 404-1,239 mg/kg) 
(e) Day of death: 4 
(0 Day of death: 4,4,5,5 
(g) Day ofdeath: 1,1,2,2,2 
(h) No data are reported due to the 100% mortality in this group. 
(i) LDso by Spearman-Karber method: 1,072 mg/kg (95% confidence interval: 768-1,495 mg/kg) 
( j) Day of death: 2,8 
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TABLE 21. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF TRIBROMOMETHANE 

Mean Body Weights (grams) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(mgflrg) (percent) 

MALE 

0 
50 

100 
200 
400 
600 

FEMALE 

0 
100 
200 
400 
600 
800 

(d) 4 5  
515 
515 
515 
515 

(e) 4 5  

515 
515 
515 
5/5 
515 cn 4 5  

23.9 f 0.5 26.0 f 0.4 + 2.2 f 0.5 
23.9 f 0.6 27.6 f 0.5 + 3.7 f 0.2 
23.8 f 0.6 26.0 f 0.8 + 2.2 f 0.5 
24.2 f 0.6 27.6 f 0.4 + 3.4 f 0.5 
23.5 f 0.7 26.2 f 0.5 + 2.7 f 0.4 
23.5 f 0.6 26.5 f 0.9 + 2.9 f 0.4 

18.5 k 0.4 20.4 f 0.4 + 1.9 f 0.4 
18.2 f 0.4 21.4 f 1.0 + 3.2 & 0.7 
18.7 f 0.4 22.0 f 0.5 + 3.3 f 0.7 
18.4 f 0.5 21.8 f 0.4 + 3.4 f 0.4 
18.8 f 0.6 21.2 f 0.5 + 2.4 f 0.3 
18.9 f 0.5 20.3 f 0.3 + 1.0 f 0.1 

106.2 
100.0 
106.2 
100.8 
101.9 

104.9 
107.8 
106.9 
103.9 
99.5 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight f standard error of the mean. Subsequent calculations are based on animals surviving to 
the end ofthe study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d)Death due to error in gavage technique 
(e) Day of death: 6 
(0 Day of death: 7 

THIRTEEN-WEEK STUDIES 

One of 10 female mice that received 100 mg/kg 
tribromomethane died before the end of the stud- 
ies (Table 22). The final mean body weight of 
male mice that received 400 mg/kg was 8% lower 
than that of vehicle controls. Cytoplasmic vacu- 

olization of hepatocytes was observed in the liver 
of 5/10 males that received 200 m g k g  and 8/10 
males that  received 400 mg/kg. This dose- 
related, minimal to moderate change involved 
only a few cells or was diffuse. Cytoplasmic 
vacuolization was not observed in hepatocytes of 
dosed female mice. 
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TABLE 22. SURVIVAL AND MEAN BODY WEIGHTS O F  MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES O F  TRIBROMOMETHANE 

Mean Body Weights (grams) Final Weight Relative 
Dose Survival (a) Initial (b) Final (c) Change (d) to Vehicle Controls 

(mg/kg) (percent) 

MALE 

0 
25 
50 

100 
200 
400 

FEMALE 

0 
25 
50 

100 
200 
400 

~ 

10110 
10110 
10110 
10/10 
10/10 
1011 0 

10110 
10110 
10/10 

(e) 9/10 
10110 
10110 

26.4 f 0.3 
26.8 f 0.4 
27.7 f 0.4 
26.3 f 0.5 
27.1 f 0.4 
26.2 f 0.5 

20.4 f 0.3 
20.7 f 0.2 
20.4 f 0.3 
20.6 f 0.2 
20.9 f 0.3 
20.6 f 0.3 

35.2 f 0.8 
36.0 f 0.9 
36.2 f 0.6 
37.7 f 0.5 
34.4 f 0.7 
32.2 f 0.8 

+E.E f 0.7 
+9.2 f 0.7 
+8.5 f 0.3 

+ 11.4 f 0.7 
+7.3 f 0.4 
+6.0 f 0.7 

26.5 f 0.3 
26.9 f 0.3 
26.8 f 0.5 
27.9 f 0.9 
28.0 f 0.5 
27.5 f 0.5 

+6.1 f 0.2 
+6.2 f 0.4 
+6.4 f 0.4 
+7.4 f 0.8 
+7.1 f 0.3 
+6.9 f 0.4 

102.3 
102.8 
107.1 
97.7 
91.5 

101.6 
101.1 
105.3 
105.7 
103.8 

(a)  Number surviving/number initially in group 
(b) Initial group mean body weight f standard error of the mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(c) Taken at week 12 of the studies 
(d) Mean body weight change of the survivors k standard error of the mean 
(e) Week of death: 6 

Dose Selection Rationale: Because of deaths of 
115 males at 600 mg/kg and of 1/5 females at 800 
mg/kg in the 14-day studies and dose-related cy- 
toplasmic vacuolization of the liver in males in 
the 13-week studies, doses selected for mice in 
the 2-year studies were 50 and 100 mg/kg tribro- 
momethane for males and 100 and 200 mg/kg for 
females, administered in corn oil by gavage, 5 
days per week. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of dosed and vehicle control 
male mice were comparable throughout the  
study (Table 23 and Figure 5 ) .  Mean body 
weights of high dose female mice were 5%-16% 
lower than those of vehicle controls, and mean 
body weights of low dose female mice were 6%- 
11% lower from week 28 to the end of the study. 
No compound-related clinical  s igns  were 
observed. 
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TABLE 93. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES 
OF TRIBROMOMETHANE 

Weeks Vehicle Control Low Dose High Dose 
on Av. Wt. No. of Av. Wt. Wt. (percent of No. of Av. Wt. Wt. (percent of No. of 

Study (grams) Survivors (grams) veh.-controls) Survivors (grams) veh.-controls) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 
104 

FEMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
loo 
104 

23.0 
25.4 
26.4 
28.2 
28.5 
29.1 
30.9 
30.8 
31.7 
31.7 
32.8 
33.1 
33.3 
34.5 
35.9 
36.8 
37.4 
39.4 
39.2 
39.7 
38.5 
39.8 
40.3 
40.2 
40.9 
40.7 
40.2 
40.9 
40.7 
40.3 
40.5 
40.2 
39.5 
39.5 
39.4 
39.4 

18.3 
19.9 
21.3 
22.1 
22.6 
22.9 
25.6 
24.2 
24.9 
25.3 
28.1 
26.1 
26.1 
27.4 
28.5 
28.8 
31.2 
32.0 
32.2 
33.0 
33.0 
34.2 
35.5 
36.2 
37.1 
37.4 
37.0 
38.0 
37.4 
36.5 
36.6 
38.1 
37.9 
38.0 
38.4 
38.6 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
48 
47 
47 
45 
45 
43 
41 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
45 
40 
36 
35 
29 
24 

22.7 
25.3 
26.7 
28.3 
29.3 
29.8 
30.8 
31.3 
31.2 
31.7 
32.8 
93.2 
33.4 
34.3 
35.7 
35.8 
37.3 
38.2 
38.3 
39.2 
39.0 
38.8 
39.7 
40.1 
39.9 
40.1 
39.9 
40.2 
40.4 
39.9 
40.7 
40.2 
39.7 
39.6 
39.9 
39.5 

18.1 
19.7 
21.0 
21.3 
22.6 
22.7 
23.4 
23.4 
24.5 
24.8 
24.8 
25.3 
26.1 
26.7 
27.8 
27.7 
28.8 
29.9 
30.3 
31.1 
31.0 
31.6 
33.0 
33.5 
33.7 
34.2 
33.3 
34.6 
34.4 
33.4 
33.5 
33.9 
34.0 
34.3 
34.3 
34.7 

50 mg/kg 
99 
100 
101 
100 
103 
102 
100 
102 
98 
100 
100 
100 
100 
99 
99 
98 
100 
97 
98 
99 
101 
98 
99 
100 
98 
99 
99 
98 
99 
99 
100 
100 
101 
100 
101 
100 

100 mg/kg 

99 
99 
99 
96 
100 
99 
91 
97 
98 
98 
95 
97 
100 
97 
98 
96 
92 
93 
94 
94 
94 
92 
93 
93 
91 
91 
90 
91 
92 
92 
92 
89 
90 
90 
89 
90 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
48 
46 
46 
46 
45 
44 
41 
37 
37 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
46 
44 
37 
32 
27 
25 
21 
17 
15 

23.0 
25.5 
27.0 
28.8 
29.8 
29.8 
31.6 
31.2 
32.2 
32.2 
33.2 
33.7 
34.1 
34.6 
35.5 
35.8 
36.6 
37.8 
38.3 
38.5 
38.4 
38.8 
40.1 
40.3 
40.3 
40.7 
39.9 
40.6 
40.9 
39.8 
40.5 
40.4 
39.8 
39.2 
38.8 
38.3 

17.9 
19.9 
21.5 
21.4 
22.5 
22.8 
23.6 
23.5 
25.2 
25.6 
25.0 
25.7 
26.5 
26.4 
27.6 
27.7 
28.8 
29.7 
30.5 
31.1 
30.9 
30.7 
32.0 
32.4 
33.1 
32.8 
31.8 
33.8 
33.6 
32.7 
32.7 
33.6 
33.7 
34.0 
32.8 
32.6 

100 mg/kg 

100 
100 
102 
102 
105 
102 
102 
101 
102 
102 
101 
102 
102 
100 
99 
97 
98 
96 
98 
97 
100 
98 
100 
100 
99 
100 
99 
99 
100 
99 
100 
100 
101 
99 
98 
97 

200 mg/kg 

98 
100 
101 
97 
100 
100 
92 
97 
101 
101 
96 
98 
102 
96 
97 
96 
92 
93 
95 
94 
94 
90 
90 
90 
89 

86 
89 
90 
90 
89 
88 
89 
89 
85 
84 

88 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
50 
50 
50 
50 
49 
49 
48 
45 
45 
43 
43 
40 
37 
36 
36 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
SO 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
48 
47 
47 
45 
44 
44 
44 
39 
33 
30 
26 
22 
21 
20 
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III. RESULTS: MICE 

Survival 

Estimates of the probabilities of survival for 
male and female mice administered tribromo- 
methane at  the doses used in these studies and 
for vehicle controls are shown in Table 24 and in 
the Kaplan and Meier curves in Figure 6. No 
signscant differences in survival were observed 
between any groups of male mice. The survival 
of the low dose group of female mice was signifi- 
cantly lower than that of the vehicle controls 
after week 77; the survival of the high dose 
group was significantly lower than that of the 
vehicle controls between week 77 and week 100. 
Survival in each female mouse group was a t  
least 50% at  week 92. Reduced survival in the 
female mouse groups was partly due to a utero- 
ovarian infection. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi- 
cant or biologically noteworthy changes in the 
incidences of mice with neoplastic or nonneo- 
plastic lesions of the glandular stomach, thyroid 
gland, liver, ovary, and lung. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu- 
mors that occurred with a n  incidence of at least 
5% in a t  least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes C 
and D for male and female mice, respectively. 

TABLE 84. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF TRIBROMOMETHANE 

200 mg/kg Vehicle Control 50 mg/kg 100 mgfltg 

MALE (a) 

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

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Animals removed, pregnant 
Killed a t  termination 
Died during termination period 
Survival P values (c) 

50 
9 

41 
0.231 

50 
24 

1 
25 
0 
0.081 

50 50 
13 14 
37 36 

0.416 0.277 

50 50 
35 30 
0 0 

13 20 
2 0 
0.006 0.097 

(a) First day of terminal-kill period: male-730; female-735 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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III. RESULTS: MICE 

Glandular Stomach: Hyperplasia occurred at 
slightly increased incidences in dosed mice 
(male: vehicle control, 1/50; low dose, 5/50; high 
dose, 6/49; female: 1/47; 4/48; 4/50). This change 
was characterized by minimal to mild increased 
depth of the gastric pits and gastric glands. Epi- 
thelial cells lining the glands were fully differ- 
entiated, and there was no cellular atypia. 

Thyroid Gland: Focal or multifocal follicular 
cell hyperplasia was observed a t  an  increased in- 
cidence in high dose female mice (vehicle con- 
trol, 5/49; low dose, 4/49; high dose, 19/47). Af- 
fected areas usually consisted of one to three 
follicles with enlarged columnar epithelial cells 
that formed irregular protrusions into the lu- 
mens of the follicles. A follicular cell adenoma 
was seen in 1/46 high dose male mice and 1/49 
vehicle control female mice. 

Liver: Minimal to mild fatty change consisting 
of randomly scattered foci of hepatocytes with 
vacuolated cytoplasm occurred a t  increased inci- 
dences in dosed female mice (vehicle control, 
1/49; low dose, 9/50; high dose, 24/50). 

Ovary: Abscesses, characteristic of bacterial in- 
fection, were observed in 23/45 vehicle control, 
31/36 low dose, and 26/49 high dose female mice. 
Klebsiella sp. were isolated from most of the 
ovarian and uterine lesions. 

Lung: Alveolar/bronchiolar adenomas and al- 
veolarlbronchiolar adenomas or carcinomas 
(combined) in male mice occurred with negative 
trends; the incidences in the high dose group 
were lower than those in the vehicle controls 
(Table 25). 

TABLE 25. ANALYSIS OF ALVEOLAR/BRONCHIOLAR LESIONS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (a) 

Vehicle Control 50 mg/kg 100 mg/kg 

Alveolar Epithelial Hyperplasia 

Adenoma 

Overall Rates 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

3/50 (6%) 

10/50 (20%) 
24.4% 
10141 (24%) 
730 
P=0.016N 
P=O.OlGN 

1/50 (2%) 

11/50 (22%) 
26.8% 
11/41 (27%) 
730 
P =0.012N 
P=0.009N 

2/50 (4%) 

5/50 (10%) 
12.7% 
4/37 (11%) 
602 
P=0.178N 
P=0.161N 

3/50 (6%) 

7/60 (14%) 
17.2% 
5/37 (14%) 
507 
P = 0.288N 
P=0.236N 

1/49 (2%) 

2/49 (4%) 
5.6% 
2/36 (6%) 
730 
P = 0.026N 
P = 0.026N 

0/49 (0%) 

2/49 (4%) 
5.6% 
2/36 (6%) 
730 
P =0.015N 
P =0.015N 

(a) The statistical analyses used are discussed in Section II (Statistical Methods) and Table C3 (footnotes). 
(b) Historical incidence a t  study laboratory (mean k SD): 661349 (19% f 7%); historical incidence in NTP studies: 32511,985 
(16% & 6%) 
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IV. DISCUSSION AND CONCLUSIONS 
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IV. DISCUSSION AND CONCLUSIONS 

Toxicology and carcinogenesis studies of tribro- 
momethane, a drinking water contaminant re- 
sulting from water chlorination, were conducted 
by gavage administration of this chemical (95%- 
97% pure) in corn oil to male and female F344/N 
rats and B6C3F1 mice. Doses selected for the 2- 
year studies, 100 or 200 mg/kg for male and fe- 
male rats and female mice and 50 or 100 mg/kg 
for male mice, were based on results of 14-day 
and 13-week studies. 

In the 14-day studies of tribromomethane, com- 
pound-related deaths occurred a t  doses of 400 
mg/kg and higher in male rats and a t  600 mg/kg 
and higher in female rats. In mice, one male 
that received 600 mg/kg and one female that re- 
ceived 800 mg/kg died. Ataxia, lethargy, and 
labored breathing were the major clinical signs 
of tribromomethane intoxication. In the 13- 
week studies, no deaths were clearly attribu- 
table to tribromomethane, nor were significant 
differences in group mean body weights ob- 
served between male or female rats  adminis- 
tered 12-200 mg/kg tribromomethane and the 
vehicle controls. No clear effects of compound 
administration on survival or body weight were 
observed for male or female mice administered 
25-400 mg/kg tribromomethane. The only com- 
pound-related histopathologic change observed 
was cytoplasmic vacuolization of hepatocytes in 
male rats and male mice. This lesion, not con- 
sidered to be life threatening, was observed in 
rats and mice administered other trihalometh- 
anes, including chloroform (Bull e t  al., 1986), 
chlorodibromomethane (Condie e t  al . ,  1983; 
NTP, 1985; Dunnick et al., 19851, and bromo- 
dichloromethane (NTP, 1987; Dunnick et al., 
1987). 

In the 2-year studies, the only group in which 
tribromomethane caused a reduction in surviv- 
al, relative to vehicle controls, was the high dose 
(200 mg/kg) male rats. Survival for all groups of 
female mice (vehicle control as well as low and 
high dose groups) was lower than that generally 
observed for corn oil gavage vehicle control fe- 
male B6C3F1 mice in 2-year studies (Haseman 
et al., 1985). Many of the female mice that died 
early were diagnosed as having utero-ovarian 
abscesses characteristic of a bacterial infection; 
Klebsiella sp. were isolated from most of these 
lesions (Rao et al., 1987a). Thus, a chemical 
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effect on the reduced survival of female mice is 
not apparent. In spite of the life-shortening 
Klebsiella infection, survival of each group of fe- 
male mice was a t  least 50% at week 92 of the 
study. Effects of administration of tribromo- 
methane on body weight were apparent for low 
and high dose male rats, high dose female rats, 
and low and high dose female mice. 

Adenomatous polyps and adenocarcinomas of 
the large intestine in male and female rats were 
the only neoplasms with increased incidences in 
rats or mice administered tribromomethane for 
2 years. Neoplasms of the large intestine were 
also induced in F344/N rats administered bro- 
modichloromethane for 2 years (NTP, 1987; 
Dunnick et  al., 1987). Three neoplasms of the 
large intestine were observed in male rats dosed 
with tribromomethane a t  200 mg/kg. These le- 
sions were considered to be chemically induced, 
as a substantial increase in the incidence of the 
same neoplastic lesions was observed in nine fe- 
male rats (vehicle control, 0150; low dose, 1/50; 
high dose, 8/50) and because neoplasms of the 
large intestine are uncommon in F344/N rats; 
the  historical incidence is less t h a n  0.2% 
(3/1,873) in corn oil vehicle control male rats 
(Table A4a) and is 0% (0/1,888) in corn oil vehi- 
cle control female rats (Table B4a). Further- 
more, since survival of male rats given 200 mg/ 
kg tribromomethane was markedly reduced, the 
sensitivity of this group to detect a carcinogenic 
response was lowered. The morphologic appear- 
ance of the neoplasms of the large intestine was 
the same as that of neoplasms caused by bromo- 
dichloromethane in male and female F344/N 
rats (NTP, 1987; Dunnick et al., 1987) and simi- 
lar to that of neoplasms of the colon found in hu- 
mans (Lane et al., 1978). In a feed study with 
microencapsulated tribromomethane, there was 
no evidence of carcinogenicity for male or female 
Wistar rats exposed for 24 months at concentra- 
tions of 400, 1,600, or 6,500 ppm (personal com- 
munication from Y. Kurokawa, National Insti- 
tute of Hygienic Sciences, Tokyo, Japan, 1987, to 
R. Melnick, NTP). 

In the current study, neoplastic nodules of the 
liver were observed in four low dose and two 
high dose female rats (see Table 14); however, 
most of these lesions did not fit the current NTP 
criteria for hepatocellular adenomas (Maronpot 
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IV. DISCUSSION AND CONCLUSIONS 

et al., 1986). The incidence of neoplastic nodules 
was not significantly increased in high dose fe- 
male rats or in dosed male rats. Thus, the mar- 
ginal increase in the incidence of neoplastic nod- 
ules in female rats was not considered to be 
chemically induced. A variety of nonneoplastic 
changes of the liver in rats, including fatty 
change, active chronic inflammation, and scat- 
tered minimal necrosis (males) or mixed cell foci 
(females), is attributed to chemical administra- 
tion. Liver toxicity caused by tribromomethane 
may be due to covalent binding of cellular 
macromolecules by dibromocarbonyl, a reactive 
intermediate in the biotransformation of tribro- 
momethane. The changes in the incidences of 
eosinophilic foci and basophilic foci in the liver 
of dosed female rats are also indicative of a 
chemical-induced cellular disturbance. 

The inflammatory changes in the lung of dosed 
male rats and squamous metaplasia of the ducts 
and inflammatory changes in the  salivary 
glands in dosed male and female rats were simi- 
lar to those described for a sialodacryoadenitis 
(SDA) virus infection (Jacoby et al., 1975; Woj- 
cinski and Percy, 1986). Consistent with the 
suggestion of a viral etiology for these lesions 
was the detection of antibodies to ra t  corona- 
virudSDA early in the studies. The absence or 
near absence of these lesions in the vehicle con- 
trol rats indicates that these lesions may resolve 
more slowly in dosed rats than in vehicle 'con- 
trols or that the dosed rats may have been more 
susceptible to reinfection by the virus. In either 
case, the lesions probably represent a combina- 
tion of chemical and viral effects. 

The increased incidences of squamous meta- 
plasia of the prostate gland in dosed male rats 
may represent a chemical effect associated with 
inflammatory lesions in this gland, whereas 
ulcers of the forestomach in dosed male rats 
appear  to  be d u e  to  a d m i n i s t r a t i o n  of  
tribromome thane. 

Decreased incidences of preputial gland neo- 
plasms and mononuclear cell leukemia in male 
rats, uterine stromal polyps and mammary 
gland fibroadenomas in female rats, and pitui- 
tary gland adenomas in male and female rats 
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were observed in these studies. It is likely, how- 
ever, that these changes do not represent direct 
chemical effects, either because the incidences of 
these lesions in the dosed groups were not dif- 
ferent from historical incidences (for preputial 
gland, see Table A4b) or because the reduced in- 
cidences of these tumors were observed in rats 
with body weights that  were about 10%-25% 
lower than those of vehicle controls. Rao et al. 
(1987b) showed that lower body weights are as- 
sociated with a reduction in the incidences of 
leukemia in male F344/N rats and of mammary 
gland fibroadenomas and pituitary gland neo- 
plasms in female F344/N rats. The mechanism 
by which reduced body weight (or reduced ca- 
loric intake) causes these changes is not fully 
known. Some of the negative trends for neo- 
plasia noted above were also observed in rats ad- 
ministered chlorodibromomethane (mononucle- 
a r  cell leukemia in males and mammary gland 
fibroadenomas and uterine stromal polyps in fe- 
males) or bromodichloromethane (pituitary 
gland adenomas and mammary gland fibroade- 
nomas in females) and may represent a biologic 
effect of trihalomethanes. 

Toxicologic effects due to administration of tri- 
bromomethane to B6C3F1 mice included hyper- 
plasia of the glandular stomach in dosed males 
and follicular cell hyperplasia of the thyroid 
gland and cytoplasmic vacuolization of hepato- 
cytes in dosed females. The incidences of cyto- 
plasmic vacuolization of hepatocytes were not 
increased in dosed male mice, although the le- 
sion had been observed in males a t  higher doses 
in the 13-week study. 

Results of the carcinogenicity studies of five dif- 
ferent trihalomethanes and the doses used in 
those studies are shown in Tables 26 and 27; ex- 
pression of the dose as  millimoles per kilogram 
body weight is preferable when making compari- 
sons between related compounds with different 
molecular weights. Tribromomethane produced 
a weaker response than bromodichloromethane 
for large intestine neoplasms in male rats. At 
nearly equivalent daily doses (0.8 mmol/kg for 
tribromomethane and 0.6 mmol/kg for bromodi- 
chloromethane), the incidence of large intestine 
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TABLE !M. INCIDENCES O F  COMPOUND-RELATED NEOPLASTIC LESIONS IN RATS AND MICE 
ADMINISTERED TRIHALOMETHANES 

Rats  Mice 
Kidney Tubular  Large Intestine Hepatocellular Kidney Tubular  

Neoplasms Neoplasms Cell Neoplasms Cell Neoplasms 
Compound Male Female Male Female Male Female Male Female 

Chloroform (a) 
Vehicle control 
Low dose 
High dose 

Bromodichloromethane (c) 
Vehicle control 
Low dose 
High dose 

Chlorodibromomethane (d) 
Vehicle control 
Low dose 
High dose 

Vehicle control 
Low dose 
High dose 

Tribromomet hane (e) 

Triiodomethane (0 

0119 
4/50 
12/50 

0150 
1/50 
13/50 

(b) 

(b) 

(b) 

0120 
0149 
2/48 

0150 
1/50 
15/50 

(b) 

tb) 

tb) 

(b) 

0150 
13/50 
45/50 

(b) 

0150 
0150 
3/50 

(b) 

(b) 

0146 
0150 
12/47 

(b) 

0150 
1/50 
8/50 

(b) 

1/18 on0 (b) (b) 
18/50 36/45 
44/45 39/41 

(b) 3/50 1149 (b) 
18/48 2/50 
29/50 9/50 

23/50 6/50 (b) (b) 
14/50 10149 
27/50 19/50 

(a) NCI, 1976a; IARC, 1979 
(b) No chemical-related neoplastic effects 
(c) NTP, 1987; Dunnick et  al., 1987 
(d) NTP, 1985; Dunnick et  al., 1985 
(e) This report 
(0 NCI, 1978 

TABLE 27. DOSES O F  TRIHALOMETHANES ADMINISTERED TO RATS AND MICE IN NCI/NTP 
CARCINOGENICITY STUDIES (a) 

Male Rats Female Rats Male Mice Female Mice 
Low Dose High Dose Low Dose High Dose Low Dose High Dose Low Dose High Dose 

(mg/kg per day) 

Chloroform (b) 90 180 100 200 138 277 238 477 
Bromodichloromethane 50 100 50 100 25 50 75 150 
Chlorodibromomethane 40 80 40 80 50 100 50 100 
Tribromomethane 100 200 100 200 50 100 100 200 
Triiodomethane (b) 71 142 27 55 47 93 47 93 

(mmoVkg per  day) 

Chloroform 0.75 1.51 0.84 1.68 1.16 2.32 1.99 3.99 
Bromodichloromethane 0.31 0.61 0.31 0.61 0.15 0.31 0.46 0.92 
Chlorodibromomethane 0.19 0.38 0.19 0.38 0.24 0.48 0.24 0.48 
Tribromomethane 0.40 0.79 0.40 0.79 0.20 0.40 0.40 0.79 
Triiodomethane 0.18 0.36 0.07 0.14 0.12 0.24 0.12 0.24 
~~ ~ ~~ 

(a) Chloroform and triiodomethane were studied in Osborne-Mendel rats and B6C3F1 mice. Bromodichloromethane, chloro- 
dibromomethane, and tribromomethane were studied in F344/N rats and B6C3F1 mice. 
(b) Doses of chloroform and triiodomethane were changed during these studies. Values given are time-weighted averages. 
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neoplasms was 15 times greater for bromodichlo- 
romethane. This difference, however, may in 
part be due to the reduced survival of the high 
dose male rats given tribromomethane. Bromo- 
dichloromethane also produced a 26% incidence 
of large intestine neoplasms at the lower dose 
(0.3 mmolkg), whereas no large intestine neo- 
plasms were observed in male rats administered 
0.4 mmolkg tribromomethane. In female rats, 
these two trihalomethanes were similar in po- 
tency for induction of large intestine neoplasms. 
The lack of large intestine tumors in rats admin- 
istered chlorodibromomethane may be due to the 
lower daily doses used in that study; the high 
dose in the chlorodibromomethane study was 
nearly equal to the low dose in the tribromo- 
methane study. 

The finding that tribromomethane was not car- 
cinogenic for the kidney of rats or for the liver of 
mice was unexpected in light of the high inci- 
dences of renal neoplasms in rats and hepatocel- 
lular neoplasms in mice exposed to chloroform or 
bromodichloromethane by the same route of ad- 
ministration. Since the trihalomethanes a re  
metabolized by similar pathways, the key fac- 
tors that influenced the outcome of the carci- 
nogenicity studies of these compounds were 
probably differences in doses used, disposition of 
the parent compound, and/or biochemical char- 
acteristics of reactive intermediates. 

The first step in the metabolism of trihalo- 
methanes involves an  oxygen insertion at the C- 
H bond, catalyzed by a cytochrome P450-depen- 
dent mixed-function oxidase system (Stevens 
and Anders, 1979). In the next step, nonenzy- 
matic loss of a hydrogen halide results in the 
formation of a dihalocarbonyl: dichlorocarbonyl 
from chloroform, dibromocarbonyl from tribro- 
momethane, and diiodocarbonyl from triiodo- 
methane. Because of large differences in bond 
energies between C-Br and C-Cl (56.2 vs. 
70.4 kcaYmol), the dihalocarbonyl formed from 
bromodichloromethane would be almost ex- 
clusively dichlorocarbonyl, and that formed from 
chlorodibromomethane would be primarily chlo- 
robromocarbonyl. Similarly, because halogens 
of higher molecular weight are better leaving 
groups, the reactivity of dihalocarbonyls with 
cellular nucleophiles should follow the order 
diiodocarbonyl > dibromocarbonyl > bromo- 
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chlorocarbonyl > dichlorocarbonyl. Consistent 
with this suggestion is the observation that the 
rate of metabolism of trihalomethanes to carbon 
monoxide in vivo (Anders et al., 1978) or by rat  
liver microsomal fractions (Ahmed et al., 1977) 
followed the halide order: triiodomethane > tri- 
bromomethane > > chlorodibromomethane > 
bromodichloromethane = chloroform. The car- 
cinogenic potential of these compounds for liver 
or kidney, however, is the reverse of this order 
(see Table 26). One explanation for this rela- 
tionship is that the cellular lifetime of interme- 
diates, such as dibromocarbonyl, is extremely 
short because of their rapid reactivity with cellu- 
lar nucleophiles (e.g., glutathione). Conse- 
quently, macromolecular binding to cellular 
constituents which might lead to neoplasm in- 
duction (e.g., DNA acylation) is reduced. Less 
reactive dihalocarbonyls, such as dichlorocar- 
bonyl, may be sufficiently stable to cause such 
changes. 

As indicated above, the metabolism of chloro- 
form or bromodichloromethane may involve a 
common reactive intermediate, namely dichloro- 
carbonyl. Note the continuous dose response for 
liver carcinogenesis by these two compounds in 
female mice when doses are compared on a mole 
per kilogram basis (see Table 27). At doses 
nearly equal to or greater than those used in the 
studies of bromodichloromethane, tribromo- 
methane was not carcinogenic for mouse liver. 
As discussed previously, this difference may be 
due to differences in reactivity of the dihalocar- 
bonyl intermediates. Similarly,  tribromo- 
methane was not carcinogenic for the liver of 
female mice at doses higher than those at which 
chlorodibromomethane produced hepatocellular 
neoplasms. Although doses of triiodomethane 
were generally lower than those of the other tri- 
halomethanes, the lack of a carcinogenic re- 
sponse by this compound may also be due to the 
high reactivity of the diiodocarbonyl interme- 
diate with glutathione or other cellular nucleo- 
philes. Species, sex, and target organ specificity 
for trihalomethane toxicity or carcinogenicity 
may be related to the disposition of the com- 
pound, the activities of the cytochrome P450- 
dependent mixed-function oxidase systems, and/ 
or the concentrations of protective cytoplasmic 
nucleophiles. Trihalomethanes are metabolized 
to carbon dioxide more rapidly and to a greater 
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extent by B6C3F1 mice than by Sprague Dawley 
rats (Mink et al., 1986). Further experimenta- 
tion is needed to evaluate these proposals con- 
cerning the mechanism of liver and kidney car- 
cinogenicity by trihalomethanes. 

Results of the present studies and those of the 
bromodichloromethane studies (NTP, 1987; 
Dunnick et al., 1987) indicate that the epithe- 
lium of the large intestine is susceptible to in- 
duction of neoplasms by trihalomethanes. A 
common feature of a variety of diverse com- 
pounds that have been shown to induce colon 
neoplasms in laboratory animals is the eventual 
formation of a methyla t ing  in te rmedia te  
(Zedeck, 1978). For trihalomethanes, the dihalo- 
carbonyl intermediate may be the reactive form 
involved in the induction of large intestine neo- 
plasms. As suggested above for induction of re- 
nal and hepatocellular neoplasms by trihalo- 
methanes, the selectivity of the large intestine 
epithelium may also be dependent on the dis- 
position of the parent compound, the rates of ac- 
tivation to the dihalocarbonyl intermediate,  
and/or the concentrations of protective cyto- 
plasmic nucleophiles. 

Tribromomethane has been shown to be muta- 
genic in both in vitro and in vivo assays. Tribro- 
momethane was mutagenic in Salmonella when 
tested within the closed environment of a desic- 
cator (Simmon and Tardiff, 1978; Simmon, 
1981); however, results of tests for mutagenicity 
in Salmonella by the plate incorporation or pre- 
incubation methods were generally negative or 
equivocal (Simmon et al., 1977; Rapson et  al.,  
1980; Haworth et al., 1983; Table El).  The vola- 
tility of tribromomethane may be an important 
factor affecting the detection of its mutagenic ac- 
tivity in vitro. Bromodichloromethane and chlo- 
rodibromomethane were also mutagenic in Sal- 
monella when tested in desiccators (Simmon and 
Kauhanen, 1978; Simmon and Tardiff, 1978). In 
a n  in vitro cytogenetic study of trihalomethanes 
in human lymphocytes, increases in SCEs were 
produced by tribromomethane, chlorodibromo- 
methane, bromodichloromethane, and chloro- 
form (Morimoto and Koizumi, 1983). In cultured 
CHO cells, slight increases in the frequencies of 

SCEs and chromosomal aberrations were ob- 
served by one of two laboratories that tested tri- 
bromomethane for the NTP (Galloway et  al., 
1985; Tables E3 and E4). In vivo induction of 
SCEs by tribromomethane has also been ob- 
served in bone marrow cells of ICR/SJ mice 
(Morimoto and Koizumi, 1983) and B6C3F1 mice 
(Table E7). Furthermore, tribromomethane in- 
duced increases in the frequency of micronucle- 
ated polychromatic erythrocytes in the bone 
marrow of B6C3F1 mice (Table E9). Thus, geno- 
toxicity of tribromomethane has been demon- 
strated in a variety of test systems, and this 
property may be involved in the carcinogenicity 
of this compound. 

The experimental and tabulated data for the 
NTP Technical Report on tribromomethane 
were examined for accuracy, consistency, com- 
pleteness, and compliance with Good Laboratory 
Practice regulations. As summarized in Ap- 
pendix H, the audit revealed no major problems 
with the conduct of the studies or with collection 
and documentation of the experimental data. 
No discrepancies were found that influenced the 
final interpretation of the results of these 
studies. 

Under the conditions of these 2-year gavage 
studies, there was some evidence of carcinogenic 
actiuity* of tribromomethane for male F344/N 
rats and clear evidence of carcinogenic activity 
for female F344/N rats, based on increased inci- 
dences of uncommon neoplasms of the large in- 
testine. Reduced survival for male rats given 
200 mg/kg tribromomethane lowered the sensi- 
tivity of this group to detect a carcinogenic re- 
sponse. Chemically related nonneoplastic le- 
sions included fatty change and active chronic 
inflammation of the liver in male and female 
rats, minimal necrosis of the liver in male rats, 
and mixed cell foci of the liver in female rats. 
There was no evidence of carcinogenic activity for 
male B6C3F1 mice given 50 or 100 mg/kg tribro- 
momethane or for female B6C3F1 mice given 
100 or 200 mg/kg; male mice might have been 
able to tolerate a higher dose. Survival of the fe- 
male mice was reduced, partly due to a utero- 
ovarian infection. 

*Explanation of Levels of Evidence ofcarcinogenic Activity is on page 7. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 10. 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 50 50 50 
Animals removed 50 50 50 
Animals examined histopathologically 50 50 50 

ALIMENTARY SYSTEM 
Intestine large (50) (50) (50) 

Adenocarcinoma 1 (2%) 
Leukemia mononuclear 1 (2%) 
Polyp adenomatous 2 (4%) 

Leukemia mononuclear 1 (2%) 
Mesothelioma malignant 2 (4%) 
Lymphoid nodule, leukemia mononuclear 1 (2%) 

Hepatocellular carcinoma 1 (2%) 1 (2%) 
Leukemia mononuclear 14 (28%) 9 (18%) 5 (10%) 
Neoplastic nodule 4 (8%) 2 (4%) 

Fat, leukemia mononuclear 1 (2%) 
Fat, mesothelioma malignant 1 (2%) 

Mesothelioma malignant 2 (4%) 
Acinus, adenoma 1 (2%) 3 (6%) 1 (2%) 

Leukemia mononuclear 1 (2%) 
Sarcoma 1 (2%) 
Schwannoma malignant 1 (2%) 

Leukemia mononuclear 4 (8%) 
Forestomach, fibrosarcoma 1 (2%) 

Intestine small (49) (50) . (50) 

Liver (50) (50) (50) 

Mesentery *(50) *(50) *(50) 

Pancreas (50) (50) (50) 
Leukemia mononuclear 3 (6%) 2 (4%) 1 (2%J 

Salivary glands (50) (50) (48) 

Stomach (49) (50) (50) 

CARDIOVASCULAR SYSTEM 
Heart 

Leukemia mononuclear 
(50) (50) (50) 

7 (14%) 6 (12%) 2 (4%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Leukemia mononuclear 
Bilateral, medulla, pheochromocytoma benign 
Medulla, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Pituitary gland 
Leukemia mononuclear 
Pars distalis, adenoma 
Pars distalis, adenoma, multiple 

Leukemia mononuclear 
C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, carcinoma 

Thyroid gland 

(48) 
6 (13%) 
3 (6%) 

13 (27%) 

4 (8%) 

3 (6%) 
11 (22%) 

1 (2%) 

2 (4%) 
2 (4%) 

(48) 

(50) 

(49) 

(50) 
6 (12%) 
1 (2%) 

10 (20%) 

3 (6%) 

1 (2%) 
10 (21%) 
2 (4%) 

(50) 

(48) 

(49) 

1 (2%) 

3 (6%) 

(50) 
3 (6%) 
2 (4%) 
6 (12%) 

1 (2%) 

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

(50) 

(45) 

(47) 

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

GENERAL BODY SYSTEM 
Tissue, NOS 

Adenoma 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

GENITAL SYSTEM 
Epididymis 

Mesothelioma benign 
Mesothelioma malignant 

Preputial gland 
Adenoma 
Carcinoma 
Leukemia mononuclear 
Bilateral, carcinoma 

Leukemia mononuclear 

Leukemia mononuclear 
Mesothelioma malignant 

Leukemia mononuclear 
Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 
Tunic, mesothelioma benign 
Tunic, mesothelioma malignant 

Prostate 

Seminal vesicle 

Testes 

(45) 

(41) 
4 (10%) 
5 (12%) 
1 (2%) 
1 (2%) 

4 (8%) 

2 (4%) 

(49) 

*(50) 

(50) 
3 (6%) 

33 (66%) 
13 (26%) 
2 (4%) 

(49) 
1 (2%) 

(38) 
3 (8%) 
2 (5%) 

(46) 

*(50) 

(50) 

41 (82%) 
4 (8%) 
1 (2%) 

(41) 

2 (5%) 
(34) 

1 (3%) 

1 (2%) 
(50) 

29 (58%) 
8 (16%) 

4 (8%) 

HEMATOPOIETIC SYSTEM 

Leukemia mononuclear 
Lymphoma malignant lymphocytic 

Carcinoma, metastatic, lung 
Carcinoma, metastatic, thyroid gland 
Axillary, leukemia mononuclear 
Lumbar, leukemia mononuclear 
Mandibular, leukemia mononuclear 
Mediastinal, hepatocellular carcinoma, 

Mediastinal, leukemia mononuclear 
Mediastinal, lymphoma malignant lymphocytic 
Mesenteric, leukemia mononuclear 
Pancreatic, leukemia mononuclear 

Leukemia mononuclear 
Mesothelioma malignant 

Leukemia mononuclear 

Bone marrow 

Lymph node 

metastatic 

Spleen 

Thymus 

(50) 

(50) 

1 
2 
8 

1 
9 

6 
4 

(50) 
14 

(47) 
5 

(2%) 
(4%) 
(16%) 

(2%) 
(18%) 

(12%) 
(8%) 

(28%) 

(11%) 

5 (10%) 

5 (10%) 

3 (6%) 

(50) 
9 (18%) 

(46) 
1 (2%) 

(48) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(49) 

3 (6%) 

4 (8%) 
1 (2%) 
4 (8%) 
1 (2%) 

5 (10%) 
1 (2%) 

2 (5%) 

(50) 

(41) 

INTEGUMENTARY SYSTEM 
Mammary gland 

Fibroadenoma 
Fibroadenoma, multiple 

Basosquamous tumor benign 
Keratoacanthoma 
Squamous cell carcinoma 
Sebaceous gland, adenoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, osteosarcoma 
Subcutaneous tissue, sarcoma 

Skin 

(20) 
4 (20%) 
1 (5%) 

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

4 (8%) 

1 (2%) 
1 (2%) 

(49) 

(15) (19) 

1 (7%) 
(49) (50) 

1 (2%) 
1 (2%) 
4 (8%) 
1 (2%) 
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TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN  THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

MUSCULOSKELETAL SYSTEM 
Skeletal muscle *(50) *(50) 

Hepatocellular carcinoma, metastatic 1 (2%) 
Mesothelioma malignant 

*(50) 

1 (2%) 

NERVOUS SYSTEM 
Brain 

Astrocytoma malignant 
Leukemia mononuclear 

(50) (50) (50) 
1 (2%) 

5 (10%) 2 (4%) 2 (4%) 

RESPIRATORY SYSTEM 
Lung (50) 

Alveolar/bronchiolar adenoma 
Carcinoma 
Carcinoma, metastatic, thyroid gland 
Hepatocellular carcinoma, metastatic 1 12%) 
Leukemia mononuclear 12 (24%) 
Lymphoma malignant lymphocytic 
Squamous cell carcinoma, multiple 1 (2%) 

Carcinoma 
Leukemia mononuclear 1 (2%) 
Squamous cell carcinoma, metastatic, skin 1 (2%) 

Nose (45) 

(50) (50) 
1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

8 116%) 4 (8%) 
1 (2%) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 
Zymbal gland 

Carcinoma 

*(50) *(50) *(50) 

*(50) *(50) *(50) 
1 (2%) 

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

URINARY SYSTEM 
Kidney 

Leukemia mononuclear 
Renal tubule, adenocarcinoma 
Renal tubule, adenoma 

Leukemia mononuclear 
Mesothelioma malignant 

Urinary bladder 

(50) (50) (50) 
9 (18%) 6 (12%) 4 (8%) 

1 (2%) 
1 (2%) 

3 (6%) 
(48) (49) (50) 

1 (2%) 

SYSTEMIC LESIONS 
Multiple organs *(50) *(50) *(50) 

Leukemia mononuclear 14 (28%) 9 (18%) 5 (10%) 
Mesothelioma benign 2 (4%)  1 (2%) 
Mesothelioma malignant 4 (8%) 
Lymphoma maiignant lymphocytic 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 
Terminal sacrifice 
Natural death 
Moribund sacrifice 

50 
34 
9 
7 

50 50 
30 11 

3 6 
17 33 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 

Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

49 
130 
46 
104 
25 
26 

2 
4 

49 42 
112 75 
47 38 
91 55 
21 14 
22 20 

2 
3 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
***Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF TRIBROMOMETHANE: VEHICLE CONTROL

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large

Leukemia mononuclear
Intestine small

Leukemia mononuclear
Lymphoid nodule, leukemia mononuclear

Liver
Hepatocellular carcinoma
Leukemia mononuclear
Neoplastic nodule

Mesentery
Fat, leukemia mononuclear

Pancreas
Leukemia mononuclear
Acinus, adenoma

Salivary glands
Leukemia mononuclear

Stomach
Leukemia mononuclear

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear

ENDOCRINE SYSTEM
Adrenal gland

Leukemia mononuclear
Bilateral, medulla, pheochromocytoma

benign
Medulla, pheochromocytoma benign

Islets, pancreatic
Adenoma

Parathyroid gland
Pituitary gland

Leukemia mononuclear
Pars distahs, adenoma
Pars distahs, adenoma, multiple

Thyroid gland
Leukemia mononuclear
C cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis
Preputial gland

Adenoma
Carcinoma
Leukemia mononuclear
Bilateral, carcinoma

Prostate
Leukemia mononuclear

Seminal vesicle
Leukemia mononuclear

Testes
Leukemia mononuclear
Bilateral, interstitial ceil, adenoma
Interstitial cell, adenoma
Tunic, mesothehoma benign

0 0 0 0 0 0 0
2 5 6 6 7 7 7
9 4 2 9 1 4 5

0 0 0 0 0 0 0
3 8 9 1 5 9 6
4 4 2 2 2 5 2

+ + + + + M +

X

X

X X

+
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2 a
2 1
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+ f

+ f
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X
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X
X X
X

X

+ + + + + +

X X

+ + + + + +
X

X X

X X X

M + M M M +
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+. + -)-

+ + +

+

+ + +

+ + +

+ + -r

+ + +

X
-t- + +

X
M + +
+ + +

X

-f + -t-

M M - - - + +
- + - - - M +

X

X
+ + + + + + +

X
-T- + + 4- 4- + +

X
X X

X X

+ +
+ -t-

X

+ -).

X

+ + + + + +

X

X

-f -t- -f -t- + -1-
X

X X
X X X X

+ + + + + + +
+ M + + + + +

+ + 4- M + 4- +
X

X

X
X X X X

X X X

-t- -t- +
+ + M

X X
X

+ Tissue examined microscopically
Not examined

- Present but not examined microscopically
I Insufficient tissue

M Missing
A: Autolysis precludes examination
X Incidence of listed morphology
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large

Leukemia mononuclear
Intestine small

Leukemia mononuclear
Lymphoid nodule, leukemia monuc

Liver
Hepatocellular carcinoma
Leukemia mononuclear
Neoplastic nodule

Mesentery
Fat, leukemia mononuclear

Pancreas
Leukemia mononuclear
Acinus, adenoma

Salivary glands
Leukemia mononuclear

Stomach
Leukemia mononuclear

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuctear

ENDOCRINE SYSTEM
Adrenal gland

Leukemia mononuclear
Bilateral, medulla, pheochromocytoma

benign
Medulla, pheochromocytoma benign

Islets, pancreatic
Adenoma

Parathyroid gland
Pituitary gland

Leukemia mononuclear
Pars distahs, adenoma
Pars distahs, adenoma, multiple

Thyroid gland
Leukemia mononuclear
C cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis
Preputial gland

Aaenoma
Carcinoma
Leukemia mononuclear
Bilateral, carcinoma

Prostate
Leukemia mononuclear

Seminal vesicle
Leukemia mononuclear

Testes
Leukemia mononuclear
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma
Tunic, mesothehoma benign

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
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
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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
4 4 4 4 1 1 2 5 5 5 6 6 6 7 7 7 8 8 9 9 0 0 0 0 0
2 3 4 5 1 5 3 1 3 4 1 4 5 1 2 5 2 5 1 3 1 2 3 4 5

+ + + M - t - + + 4 - - * - + f + + - t - - f - » - + - t ~ J - + + + + +M

X X X X X X
X X

-(-

X

+ + f + + + + -t- + + + + -t + + + + + + + + + + + +
X X X

+ + + + + + + + + + + + + + + + + + M+ + -H + +M
X

X X
X X X X X X X

X X X
+ M M M M + + M M M M + + + + + M M + M M M M + M

X X X X X
X

X

X X X X
X X X X

X

+ + + -t- + + + + + + + 4 - - * - + + - t - - » - - t - - t - - f + + + + +

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

TOTAL.
TISSUES
TUMORS

47
50
1

49
1
1

50
1

14
4
4
1

50
3
1

50
1

49
4

50
7

48
6

3
13
48
4

20
50
3

11
1

49
2
2

45
41
4
5
1
1

49
4

50
2

50
3

33
13
2
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
Bone marrow
Lymph node

Axillary, leukemia mononuclear
Lumbar, leukemia mononuclear
Mandibular, leukemia mononuclear
Mediastmal, hepatocellular carcinoma.

metastatic
Mediastmal, leukemia mononuclear
Mesentenc, leukemia mononuclear
Pancreatic, leukemia mononuclear

Spleen
Leukemia mononuclear

Thymus
Leukemia mononuclear

INTEGUMENTARY SYSTEM
Mammary gland

Fibroadenoma
Fibroadenoma, multiple

Skin
Basosquamous tumor benign
Keratoacanthoma
Squamous cell carcinoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, osteosarcoma
Subcutaneous tissue, sarcoma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

Hepatocellular carcinoma, metastatic

NERVOUS SYSTEM
Brain

Leukemia mononuclear

RESPIRATORY SYSTEM
Lung

Hepatocellular carcinoma, metastatic
Leukemia mononuclear
Squamous cell carcinoma, multiple

Nose
Leukemia mononuclear
Squamous ceil carcinoma, metastatic,

skin
Trachea

SPECIAL SENSES SYSTEM
Zymbal gland

Carcinoma

URINARY SYSTEM
Kidney

Leukemia mononuclear
Renal tubule, adenoma

Unnary bladder
Leukemia mononuclear

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
2 5 6 6 7 7 7 8 8 8 8 8 9 9 9 9 0 0 0 0 0 0 0 0
9 4 2 9 1 4 5 3 4 8 8 9 1 4 7 9 6 6 6 6 6 6 6 6

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 8 9 1 5 9 6 2 8 5 1 7 6 8 7 9 2 2 2 3 1 3 3 3
4 4 2 2 2 5 2 2 1 5 3 - 4 3 3 3 4 1 4 5 3 4 1 2 5

+ + + + + + + + + + + + + + + + + + + + + + + +

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
+ + + + +M+ + + + + + + + + M + + + + + + + +

X X X X

M M + + M + + M + + M M M M + + M - I - M + M M M +
X

X

X
X X

X
X

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

+ + + + + + + + + + + + + + + + + + + + + + + +
X X X X X

+ + + + + + + + + + + + + + + + + + + + + + + +
X

X X X X X X X
X

X

X
+ + + + + + + + + + + + + + + + + + + + + + + +

1
0
6

-JJ—

4
1

+

-(-

+

+
X

+

+

+

+

+

X

+ + + + + + + + -I- + + + + + + + + + + + + + + +
X X X X X X X

+ + + + + + + + +1A + A. + + + + + + + + + + + +
X X

+

+
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS VEHICLE CONTROL 
(Continued) 

l l l l t l l l l l l l l l l l l l l l l l l l l  
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  
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 

WEEKS ON 
STUDY 

___.I  
CARCASS 
ID 

Bone marrow 
Lymph node 

Axillary. leukemia mononuclear 
Lumbar leukemia mononuclear 
Mandibhar, leukemia mononuclear 
Mediastinal, hepatocellular carcinoma, 

Mediastinal. leukemia mononuclear 
Mesentenc. leukemia mononuclear 
Pancreatic, leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

metastatic 

Spleen 

Thymus 

Mammary gland 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Basosquamous tumor benign 
Keratoacanthoma 
Squamous cell carcinoma 
Subcutaneous tissue. fibroma 
Subcutaneous tissue. osteosarcoma 
Subcutaneous tissue, sarcoma 

ETAL SYSTEM 
Bone 
Skeletal muscle 

Hepatocellular carcinoma, metastatic 

Brain 
Leukemia mononuclear 

Lung 
Hepatocellular carcinoma, metastatic 
Leukemia mononuclear 
Squamous cell carcinoma, multiple 

Leukemia mononuclear 
Squamous cell carcinoma, metastatic. 

NOS0 

skin 
Trachea 

Zymbal gland 
Carcinoma 

Kidney 
Leukemia mononuclear 
Renal tubule, adenoma 

Leukemia mononuclear 
Urinary bladder 

IUIAL: 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1  1 1  1 
4 4 4 4 1 1  2 5 5 5 6 6 6 7 7 7 8 8 9 9 0 0 0 0 0 
2 3 4 5 1 5 3 1 3 4 1 4 5 1 2 5 2 5 1 3 1 2 3 4 5  

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

X 

~ 

X X X 

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

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

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

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

X 
X 

x X 

50 
50 
1 
2 
8 

I 
9 
6 
4 

50 
14 
47 

5 

I- 
20 
4 
1 

49 
2 
1 
1 
4 
1 
1 

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

j + + + t + t + + + + + + + + + + + + + + + + t t +  

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

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

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

“t 12 

I 5; 

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

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

X 

50 
9 
1 

48 
3 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF TRIBROMOMETHANE: LOW DOSE 

WEEKS ON 
STUDY 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  
4 7 8 8 8 8 9 9 Y 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0  
9 7 6 7 9 9 0 1 2 3 3 5 5 5 7 8 0 2 2 3 5 5 5 5 5  

CARCASS 
ID 

Esophagus 
Intestine large 
Intestine small 
Liver 

Leukemia mononuclear 
Neoplastic nodule 

Leukemia mononuclear 
Acinus, adenoma 

Sarcoma 

Forestomach. fibrosarcoma 

Mesentery 
Pancreas 

Salivary glands 

Stomach 

Heart 
Leukemia mononuclear 

TEM 
Adrenal gland 

Leukemia mononuclear 
Bilateral, medulla, pheochromocytoma 

beni n 
Medufia, pheochromocytoma benign 

Adenoma 

Leukemia mononuclear 
Pars distalis, adenoma 
Pars distalis. adenoma, multiple 

C d l ,  adenoma 
Follicular cell, carcinoma 

Islets, pancreatic 

Parathyroid gland 
Pituitary gland 

Thyroid gland 

1 1 1 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
8 9 2 0 9 1 1 0 8 5 6 9 4 6 7 2 8 3 9 5 1 1 1 2 2  
4 1 2 4 2 1 2 5 2 1 5 3 5 1 2 1 3 1 5 3 3 4 5 3 4  

+ M M M M + M + + + + + + M + M + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

X + + + 
X X 

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  x x x x  x X i- 

. . . . . . . . . . . . . . . . . . . . . . . . .  x x  X X ! x x  
X 

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

X 
M + + + M + M M + + M M M M t M M + M + + + M M M  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X x x x  X X 

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

X 
L -EM 

Tissue, NOS 
Adenoma 

TEM 
Epididymis 

Mesothelioma benign 
Pre utial gland 

Alenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 
Tunic, mesothelioma benign 

M + + + + + + + + + + + + + + + + + + + t + + t +  

+ + + + + + + M + + + + M + + + + + + + + + + +  

+ + + + + + + + + + + + + + + + + + + + + M + + M  
+ + + + t + + + + + + + + + + + + + + M + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

x x x  x x x x x x x  x x x x x  x x  
X X X 

X 
X 

I I 
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WEEKS ON 
STUDY 

CARCASS 
ID 

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  

5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
o n n o o o o o o o o o o o o n o o o o o n o n o  

Esophagus 
Intestine large 
Intestine small 
Liver 

Mesentery 
Pancreas 

Salivary glands 

Stomach 

Leukemia mononuclear 
Neoplastic nodule 

Leukemia mononuclear 
Acinus. adenoma 

Sarcoma 

Forestomach, fibrosarcoma 

Bilateral. medulla, pheochromocytoma 
beni 

Med& pheochromocytoma benign 
Islets, pancreatic 

Pituitary gland 

Adenoma 

Leukemia mononuclear 
Pars distalis, adenoma 
Pars distalis, adenoma, multiple 

C-cell, adenoma 
Follicular cell, carcinoma 

Parathyroid gland 

Thyroid giand 

Tissue, NOS 
Adenoma 

Epididymis 
Mesothelioma benign 

Pre utial gland 

Carcinoma 
Prostate 
Seminal vesicle 
Testes 

Alenoma 

Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 
Tunic, mesothelioma benign 

Heart 
Leukemia mononuclear 

X X X X X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ M M M + M + M M + M M M + M M + M + M M M + M +  
+ + + + + + + + + + + + t + + + M + + + + + + M +  

X X 

X X X X 
X 

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

X X 

+ 
X 

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

f M C M M C f M M + M + M + + C M + + M + + + + +  

M + + + + + + + + + + + + + + + + + + + + M + + +  
+ + + + + + + + + + + + + + + + + + + + + M + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  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 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 ~  
2 3 3 3 3 4 4 4 4 5 5 5 6 6 8 7 7 7 7 8 8 9 0 0 0  
5 2 3 4 5 1 2 4 3 2 4 5 2 3 4 1 3 4 5 1 5 4 1 2 3  

+ + + + + M M + + + M + t  + + + + + + + t M M M  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

TOTAL: 
TISSUES 
TUMORS 

36 
50 
50 
50 

9 
2 
4 

50 
2 
3 

1 
50 

1 

sn 

50 
6 

50 
6 

1 
10 
50 
3 

20 
48 

1 
10 
2 

49 
1 
3 

1 
1 

49 
1 

38 
3 
2 

46 
48 
50 
41 
4 
1 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS LOW DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

Bone marrow 

Lymph node 
Leukemia mononuclear 

Mandibular leukemia mononuclear 
Mediastinal: leukemia mononuclear 
Mesentenc. leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Spleen 

Thymus 

Mammary gland 

Skin 
Fibroadenoma. multiple 

Squamous cell carcinoma 
Sebaceous gland, adenoma 
Subcutaneous tissue. fibroma 
Subcutaneous tissue. nbrosarcoma 

Bone 

Brain 
Astrocytoma malignant 
Leukemia mononuclear 

Lung 

Nose 

Trachea 

Alveolar/bronchiolar adenoma 
Leukemia mononuclear 

Carcinoma 

EY e 
Hardenan gland 

Adenoma 
Zymbal gland 

Carcinoma 

Kidney 

Unnary bladder 
Leukemia mononuclear 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  

9 7 6 7 9 9 0 1 2 3 3 5 5 5 7 8 0 2 2 3 5 5 5 5 5  

1 1 1 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
8 9 2 0 9 1 1 0 8 5 6 9 4 6 7 2 8 3 9 5 1 1 1 2 2  
4 1 2 4 2 1 2 5 2 1 5 3 5 1 2 1 3 1 5 3 3 4 5 3 4  

4 7 8 ~ a 8 9 9 9 9 9 9 9 9 9 9 o o o o o o o o o  

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

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

* M M M M + M M M + M + M M + M + M M + M * M M *  

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

X 

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

+ * + + + + + * + + + + + * + t + * + + + + * + *  x x x  

+ * + + + + + + + * * + + + + + * + + + + + + + +  
x x  

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

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

X x x x x  x X 

+ 
+ 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  x x x  X X X 
+ + + + + + + + + + + + + + + + + + M + f f + + ~  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS LOW DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

Bone marrow 

Lymph node 
Leukemia mononuclear 

Mandibular leukemia mononuclear 
Mediastinal' leukemia mononuclear 
Mesenteric.\eukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Spleen 

Thymus 

Mammary gland 

Skin 
Fibroadenoma, multiple 

Squamous cell carcinoma 
Sebaceous gland. adenoma 
Subcutaneous tissue fibroma 
Subcutaneous tissue: fibrosarcoma 

Bone 

Brain 
Astrocytoma malignant 
Leukemia mononuclear 

Lung 

Nose 

Trachea 

% h i a n  gland 
Adenoma 

Zymbal gland 
Carcinoma 

Alveolar/bronchiolar adenoma 
Leukemia mononuclear 

Carcinoma 

Kidney 

Urinary bladder 
Leukemia mononuclear 

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  
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  
5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2  
2 3 3 3 3 4 4 4 4 5 5 5 6 6 6 1 7 1 7 8 8 9 0 0 0  
5 2 3 4 5 1 2 4 3 2 4 5 2 3 4 1 3 4 5 1 5 4 1 2 3  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + t + M + + M + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + t + M M + + + + + + M M + + + + + + +  

M M M M M M M + M M M M M M M + M M + + + M M + M  
+ t + + I  . . . . . . . . . . . . . . . . . . . .  

X 
X x x  X 

X 

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

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

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

+ + + + + + t + + + + + M + + + + + + M + + + M +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ + +  
X + 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + t t + + + t + + + + t + + + + + +  

rOTAL: 
ISSUES 
UMORS 

50 
1 

46 
5 
5 
3 

50 
9 

46 
1 

15 
1 

49 
1 
1 
4 
1 

50 

50 
1 
2 

50 
1 
8 

46 
1 

50 

1 
3 
1 
2 
2 

50 
6 

49 
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ON 
STUDY 

CARCASS 
ID 

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  
9 9 3 4 4 4 4 5 5 5 7 7 7 8 8 8 8 8 9 9 9 9 9 9 9  
3 4 6 0 9 4 4 1 2 7 2 6 7 5 6 6 7 8 1 2 2 2 2 2 2  

2 2 2 2 2 2 5 2 2 2 2 2 2 2 2 3 3 2 3 2 2 2 2 2 2  
9 3 8 5 2 2 2 4 8 9 9 4 6 9 6 0 0 3 0 3 7 1 4 8 1  
2 2 4 3 1 4 5 5 2 5 1 1 4 3 1 5 4 5 3 4 2 3 3 1 5  

I 

Polyp adenomatour 

Mesothelioma malignant 

Hepatocellular carcinoma 
Leukemia mononuclear 

Fat, mrsothelioma malignant 

Leukemia mononuclear 
Mesothelioma malignant 
Acinus, adenoma 

Schwannoma malignant 

Intestine small 

Liver 

Mesentery 

Pancreas 

Salivary glandr 

Stomach 

Heart 
h u k w n i a  mononuclear 

Adrenal gland 
h u b m i a  mononuclear 
Bilateral, medulla, pheochromocytoma 

M e d u g ,  pheochromocytoma benign 

Menoma 

Leulumia mononuclear 
Pandistalis  adenoma 
P a n  distali i  adenoma, multiple 

?cell, adonoma 
C.cell, carcinoma 
Follicular cell. carcinoma 

None 

beni 

Islets, pancreatic 

Parathyroid gland 
Pituitary gland 

Th mid gland 

M 

E ididymis 
hesothdioma malignant 

Preputial gland 
Carcinoma 

Prostate 
Louhmia  mononueloar 

Seminal velicle 
Mesothelioma malignant 

Testes 
Bilateral, interatitial al l .  adenoma 
Inbretitial cell adonoma 
Tunic, masothehoma malignant 

Tribromomethane, NTP TR 350 

+ M + M M M M + + M + + + + + + + + + + + + + M +  . . . . . . . . . . . . . . . . . . . . . . . . .  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 
X X + 

X 

X 

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

+ + + + + + + + + M M + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
M M + M M M M + + M + M M + M M + + + M M M + + M  
+ + + + + + + + + M + + t + + + M + + + + + + M +  

X 
X 

+ + + + + + + + + M + + + + + + + + + + + + + + +  
X 

X X 

X 

- - -  - M M M - + + M + + + + + + + + + + + + + +  
x - - - - - - - - -  - M + + + M + + + M + + + + + +  

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

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

n 
X I 

a4 



(Continued) 
: E 

STUDY 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 3 3 5 5 6 6 6 6 9 2 3 3 4 5 5 5 5 5 5 5 5 5 5 5  

CARCASS 2 2 2 2 2 2 2 2 2 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 
ID 4 1 4  2 7 2 5 6 3 6 0 5 0 7 1 1  5 5 6 1 7  8 8 9 9 

2 4 4 3 5 2 5 2 1 3 1 2 2 1 1 2 1 4 5 3 4 3 5 3 4  

Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenocarcinoma X 
Polyp adenomatous X 

Mesothelioma malignant X 

Hepatofellular carcinoma 
Leukemia mononuclear X x x  
Fat, mesothelioma malignant 

Leukemia mononuclear X 
Mesothelioma malignant X 
Acinus, adenoma X 

Schwannoma malignant X 

Intestine small . . . . . . . . . . . . . . . . . . . . . . . . .  
Liver . . . . . . . . . . . . . . . . . . . . . . . . .  

Meuentery + + 
Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  

Salivary glands + + + t + + - +  + + + + + + + + + + + + + + + + + + 
Stomach . . . . . . . . . . . . . . . . . . . . . . . . .  

H e a e  . . . . . . . . . . . . . . . . . . . . . . . . .  
Leukemia mononuclear X X 

Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Laukemia mononuclear X X 
Bilateral, medulla, pheochromocytoma 

M%g, pheochromocytoma benign X X x x  x 
Adenoma X 

Leukemra mononuclear 
Para distalis. adenoma 
Para distalis adenoma. multiple X 

C-cell, adenoma X X 
C.cell, carcinoma 
Follicular cell, carcinoma 

None 

X X 
Irleta. pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  
Parathymid gland M M M M + M + M + + + M M M M + M M M M M + + M M  
Pituitary pland + + + + + + + + + M + M + + + + + + + + + + + + +  

Thyroid gland + + + + + + + + + + + + + + + + + + + M M + +  + +  

E ididymu . . . . . . . . . . . . . . . . . . . . . . . . .  
kesoothelioma malignant X 

Preputial gland M + + + M + + + + + + + + + + + + + + + + M + t +  
Carcinoma X 

Leukemia mononuclear X 
Mesothelioma malignant 

Bilatem!, interstitial cell, adenoma x x x x x x x x x x x  x x  x x x x x x x x x  
Interstitial cell, adenoma X X X 
Tunic, mesothelioma malignant X 

Pmatate . . . . . . . . . . . . . . . . . . . . . . . . .  
Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . .  
Tester . . . . . . . . . . . . . . . . . . . . . . . . .  

a5 

TOTAL: 
TISSUES 
TUMORS 

42 
50 
1 
2 

50 
2 

50 
1 
5 
3 
1 

50 
1 
2 
1 

48 
1 

50 

50 
2 

50 
3 

2 
6 

50 
1 

45 
1 
1 
1 

47 
3 
1 
2 

18 

41 
2 

34 
1 

50 
1 

50 
1 

50 
29 
8 
4 

Tribromomethane, NTP TR 350 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

Bone marrow 

Lymph node 

Leukemia mononuclear 
Lymphoma malignant lymphocytic 

Carcinoma, metastatic, thyroid gland 
Carnnoma metastatic, lung 
Mandibular. leukemia mononuclear 
Mediastinal. leukemia mononuclear 
Mediastinal. lymphoma malignant 

Mesentenc, leukemia mononuclear 
lymphocytic 

Pancreatic, leukemia mononuclear 

Leukemia mononuclear 
Mesothelioma malignant 

Leukemia mononuclear 

Spleen 

Thymus 

Mammary gland 
Skin 

Bone 
Skeletal muscle 

Mesothelioma malignant 

Brain 
Leukemia mononuclear 

Lung 
Alveolarhronchiolar adenoma 
Carcinoma 
Carcinoma metastatic, thyroid gland 
~ e u k e m i a  hononuclear 
Lymphoma malignant lymphwytic 

Nose 
Trachea 

Harderian gland 
Zymbal gland 

Carcinoma 

Kidney 

Urinary bladder 

Leukemia mononuclear 
Renal tubule. adenocarcinoma 

Mesothelioma malignant 

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  
3 3 3 4 4 4 4 5 5 5 7 7 7 8 8 8 8 8 9 9 9 9 9 9 9  
3 4 6 0 3 4 4 1 2 7 2 6 7 5 8 8 7 8 1 2 2 2 2 2 2  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 2 3 2 2 2 2 2 2  
9 3 8 5 2 2 2 4 8 9 9 4 8 3 6 0 0 3 0 3 7 1 4 8 1  
2 2 4 3 1 4 5 5 2 5 1 1 4 3 1 5 4 5 3 4 2 3 3 1 5  

+ + t + + M + + + + + t + + + t t t + + + + + t M  

X 
+ + + + + + + + + + + + M + + + + + + + + + + + +  

X 
X 

X 
X X 

X 
X X 

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

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

X 

X 

M + M M M M M + + M + + + M M M + M M M M + + M +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + M + + + + + + + + + + + + + + + + + + +  

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

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

X 
X 

- - - - - - - - - - M + + + + + + + + + + M + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
X 

+ + 
X 

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

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

Tribromomethane, NTP TR 350 86 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS HIGH DOSE 
(Continued) 

STUDY 

CARCASS 
ID 

Bone marrow 

L mphnode 

Leukemia mononuclear 
Lymphoma malignant lymphocytic 

tarcinoma. metastatic, thyroid gland 
Carcinoma, metastatic, lung 
Mandibular, leukemia mononuclear 
Mediastinal, leukemia mononuclear 
Mediastinal, lymphoma malignant 

Mesentem. leukemia mononuclear 
Pancreatic, leukemia mononuclear 

S C L n i a  mononuclear 
Mesothelioma malignant 

Thymus 
Leukemia mononuclear 

lymphoytic 

M 
Mammary gland 
Skkr 

Bone 
Skeletal muscle 

Mesothelioma malignant 

Brain 
Leukemia mononuclear 

Lung 
Alveolar/bronchiolar adenoma 
Carcinoma 
Carcinoma metastatic thyroid gland 
Leukemia hononucle& 
Lymphoma malignant lymphocytic 
Nom 
Trachea 

Harderian gland 
Zymbal gland 

Carcinoma 

Kidney 

Urinary bladder 

Leukemia mononuclear 
Rem1 tubule, adenocarcinoma 

Mesothelioma malignant 

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 3 3 5 5 6 6 6 6 9 2 3 3 4 5 5 5 5 5 5 5 5 5 5 5  

2 2 2 2 2 2 2 2 2 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 ~  
4 1 4 2 7 2 5 6 3 6 0 5 0 7 1 1 5 5 6 7 7 8 8 9 9  
2 4 4 3 5 2 5 2 1 3 1 2 2 1 1 2 1 4 5 3 4 3 5 3 4  

~~ ~ 

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

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

X 
X 

X 
X 

X X 

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

+ + + + + + + M + M + + M + + + + + + + + + + + +  
X 

M + + M M + M M + + M + M M + M M + + M M M M M M  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  + 
X 

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

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

X X 

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

+ 

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

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

87 

TOTAL: 
ISSUES 
'UMORS 

48 
1 
1 

49 
1 
1 
3 
4 

1 
4 
1 

50 
5 
1 

41 
2 

19 
50 

49 
1 
1 

50 
2 

50 
1 
1 
1 
4 
1 

38 
50 

50 
4 
1 

50 
1 

Tribromomethane, NTP TR 350 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
TRIBROMOMETH ANE 

Vehicle Control 100 mgkg 200 mg/kg 

Adrenal Gland Medulla: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Preputial Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Preputial Gland: Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Preputial Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pancreatic Islets: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule 
Overall Rates ( a )  
Adjusted Rates tb) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Tribromomethane, NTP TR 350 

16/48 (33%) 
45.1% 
13/32 (41%) 
61 1 
P = 0.510 
P=0.132N 
P=0.029N 

4/41 (10%) 
13.3% 
4/30(13%) 
734 
P=0.219N 
P=O.l18N 
P = 0.Q70N 

6/41 (15%) 
18.4% 
5/30 (17%) 
377 
P=O.l8lN 
P = 0.042N 
P = 0.046N 

10/41(24%) 
31.4% 
9/30 (30%) 
377 
P =0.077N 
P =  0.008N 
P=0.006N 

4/48 (8%) 
12.5% 
4/32 (13%) 
734 
P = 0.428N 
P =  0.251N 
P = 0.122N 

4/50 (8%) 
11 .O% 
3/34 (9%) 
610 
P =  0.122N 
P = 0.064N 
P = 0.037N 

11/50 (22%) 
30.0% 
6/30 (20%) 
62 1 
P=0.209N 
P=O.llON 

P = 0.152N 

3/38 (8%) 
11.6% 
2/21 (10%) 
632 
P= 0.655N 
P=0.573N 

P=0.543N 

2/38 (5%)  
7.5% 
1/21 (5%) 
680 
P=0.235N 
P = 0.160N 

P =  0.158N 

5/38 (13%) 
18.7% 
3/21 (14%) 
632 
P = 0.288N 
P=0.163N 

P = 0.163N 

3/50 (6% I 
9.3% 
2/30 (7%) 
679 
P=0.530N 
P=0.464N 

P = 0.477N 

2/50 (4%) 
5.8% 
1/30 (3%) 
659 
P= 0.362N 
P = 0.320N 

P=0.339N 

8/50 (16%) 
49.2% 
411 1 (36%) 
643 
P = 0.415 
P = 0.245N 

P = 0.039N 

0/34 (0%) 
0.0% 
0/10 (0%) 

P = 0.274N 
P = 0.270N 

P =0.083N 

1/34 (3%) 
7.7% 
0110 (0%) 
716 
P-0.336N 
P=0.083N 

P = 0.088N 

1/34 (3%) 
7.7% 
0/10 (0%) 
716 
P = 0.134N 
P = 0.014N 

P =0.008N 

1/50 (2%) 
5.3% 
011 1 (0%) 
670 
P = 0.554N 
Pe0.373N 

P =  0.168N 

0/50 (0%) 
0.0% 
0/11(0%) 

P = 0.220N 
P=0.109N 

P = 0.059N 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
TRIBROMOMETHANE (Continued) 

Vehicle Control 100 mg/kg 200 mg/kg 

Large Intestine: Adenomatous Polyp or Adenocarcinoma 
Overall Rates (a) 0/50 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/34 (0%) 
Day of First Observation 
Life Table Tests td) P = 0.008 
Logistic Regression Tests (d) P10.030 
Cochran-Armitage Trend Test (d) P =  0.037 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule or HeDatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests td) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Mammary Gland Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test (d) 

Pancreas: Acinar Adenoma 

Pituitary Cland/Pars Distalis: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

5/50 (10%) 
13.5% 
3/34 (9%) 
610 
P =  0.194N 
Pe0.082N 
P = 0.060N 

5/50 ( 10%) 
14.7% 
5/34(15%) 
734 
P = 0.057N 
P-0.057N 
P = 0.01 1 N 

1/50 (2%) 
2.9% 
1/34 (3%) 
734 
P-0.285 
P = 0.417 
P =  0.610N 

12/50 (24%) 
31.8% 
9/34 (26%) 
586 
P =  0.149N 
P = 0.024N 
P = 0.01 1N 

4/50 (8%) 
10.8% 
3/34 (9%) 
514 
P10.253N 
P =  0.103N 
P = 0.060N 

89 

0/50 (0%) 
0.0% 
0130 (0%) 

(e) 
(e) 

(e) 

2/50 (4%) 
5.8% 
1/30 (3%) 
659 
P = 0.239N 
P=0.204N 

P = 0.218N 

1/50 (2%) 
3.3% 
1/30 (3%) 
734 
P=0.132N 
P =0.132N 

P = 0.102N 

3/50 (6%) 
10.0% 
3/30 (10%) 
734 
P= 0.261 
P=0.261 

P = 0.309 

12/48 (25%) 
31.9% 
6/28(21%) 
537 
P=0.508 
P=0.567 

P = 0.547 

4/50 (8%) 
13.3% 
4/30(13%) 
734 
P = 0.589 
P=0.620N 

P-0.643N 

3/50 (6%) 
18.8% 
1/11 (9%) 
527 
P=0.028 
P=0.092 

P-0.121 

1/50 (2%) 
3.1% 
011 1 (0%) 
636 
P = 0.343N 
P=0.161N 

P= 0.102N 

0/50 (0%) 
0.0% 
011 1 (0%) 

P=0.215N 
P=0.215N 

P=0.028N 

1/50 (2%) 
5.0% 
011 1 (0%) 
666 
P = 0.563 
P=0.691 

P=0.753N 

2/45 (4%) 
11.8% 
111 1 (9%) 
616 
P =  0.130N 
P =0.028N 

P=0.007N 

0150 (0%) 
0.0% 
011 1 (0%) 

P=0.214N 
P=O.O84N 

P = 0.059N 

Tribromomethane, NTP TR 350 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
TRIBROMOMETHANE (Continued) 

Vehicle Control 100 mg/kg 200 mg/kg 

Subcutaneous Tissue: Fibroma, Sarcoma, or Fibrosarcoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 13.4% 
Terminal Rates (c) 3/34 (9%) 
Day of First Observation 514 
Life Table Tests (d) P=0.195N 
Logistic Regression Tests (d) P =  0.061N 
Cochran-Armitage Trend Test (d) P=0.036N 
Fisher Exact Test (d) 

Testis: Adenoma 
Overall Rates (a )  
Adjusted Rates (b)  
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Testa (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

46/50 (92%) 
100.0% 
34/34 (100%) 
429 
P <0.001 
P=0.234N 
P = 0.008N 

2/49 (4%) 
5.7% 
1/34 (3%) 
688 
P = 0.152 
P=0.303 
P=0.383 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 2/49 (4%) 

Terminal Rates (c) 1/34 (3%) 
Day of First Observation 688 
Life Table Tests (d) P=0.065 
Logistic Regression Tests (d) P = 0.166 
Cochran-Armitage Trend Test (d) P = 0.224 
Fisher Exact Test (d) 

Adjusted Rates (b) 5.7% 

Thyroid Gland: Follicular Cell Carcinoma 
Overall Rates (a) 0149 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0134 (0%) 
Day of First Observation 
Life Table Tests (d) P = 0.054 
Logistic Regression Tests (d) P=0.134 

Fisher Exact Test (d) 
Cochran-Armitage Trend Test (d) P=O.190 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 14/50 (28%) 
Adjusted Rates (b) 34.8% 
Terminal Rates (c) 9/34 (26%) 
Day of First Observation 483 
Life Table Tests (d) P=0.190N 
Logistic Regression Tests (d) P=0.019N 
Cochran-Armitage Trend Test (d) P=0.015N 
Fisher Exact Test (d) 

Tribromomethane, NTP TR 350 90 

5/50 (10%) 
15.6% 
4/30 (13%) 
659 
P = 0.582 
P=0.609N 

P = 0.630N 

45/50 (90%) 
97.8% 
29/30 (97%) 
537 
P10.432 
Pr0.134N 

P-0.500N 

1/49 (2%) 
3.3% 
1/30 (3%) 
734 
P = 0.532N 
P=0.488N 

P = 0.500N 

1/49 (2%) 
3.3% 
1/30 (3%) 
734 
P=0.532N 
P = 0.488N 

P=0.500N 

3/49 (6%) 
9.7% 
2/30 (7%) 
721 
P=0.103 
P=0.114 

P=0.121 

9/50(18%) 
20.4% 
1/30 (3%) 
600 
P=0.193N 
P=0.200N 

P=0.171N 

0150 (0%) 
0.0% 
011 1 (0%) 

P = 0.158N 
P=0.048N 

P = 0.028N 

37/50 (74%) 
100.0% 
11/11 (100%) 
499 
P< 0.00 1 
P=0.250N 

P =  0.016N 

3/47 (6%) 
13.2% 
019 (0%) 
603 
P = 0.209 
P = 0.383 

P = 0.480 

4/47 (9%) 
16.5% 
om (0%) 
603 
P=0.107 
P = 0.233 

P = 0.3 19 

2/47 (4%) 
6.5% 
019 (0%) 
600 
P =  0.188 
P=0.229 

P = 0.237 

5/50 (10%) 
27.8% 
2/11 (18%) 
600 
P=0.364N 
P = 0.048N 

P=0.020N 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
TRIBROMOMETHANE (Continued) 

Vehicle Control 100 mg/kg 200 m g k g  

All Sites: All Mesothelioma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

2/50 (4%) 1/50 (2%) 4/50 (8%) 
5.9% 3.3% 14.4% 
2/34 (6%) 1/30 (3%) 011 1 (0%) 
734 734 356 
P=0.076 P = 0.544N P=0.121 
P=0.247 P=0.544N P=0.337 
P=0.238 

P = 0.500N P =0.339 

(a)  Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres- 
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is reported because no tumors were observed in the 100 mg/kg and vehicle control groups. 
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TABLE A4a. HISTORICAL INCIDENCE O F  LARGE INTESTINE TUMORS IN MALE F344M RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in  Vehicle Controls 

Historical Incidence a t  EG&G Mason Research Institute 

TOTAL Of285 

Overall Historical Incidence 

TOTAL (b)  311,873 (0.2%) 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) Includes one adenomatous polyp, NOS, one cystadenoma, NOS, and one adenocarcinoma, NOS 

TABLE A4b. HISTORICAL INCIDENCE O F  PREPUTIAL GLAND TUMORS I N  MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in Vehicle Controls 

Adenoma Carcinoma Adenoma or C a r c i n o m a  

Historical Incidence at EGQG Mason Research Institute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
1,2-Dichloropropane 
C hlorodibromomethane 
n-Butyl chloride 
Bromodichloromethane 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

0150 
1/50 
0150 
1/50 
1/50 
0150 

31300 (1.0%) 
* 1.10% 

1/50 
0150 

1/50 
(b) 2/50 
(b) 2/50 

0150 
2/50 
2/50 

91300 (3.0%) 
1.67% 

2/50 
0150 

3711,949 ( 1.9%) (e) 4211.949 (2.2%) 
3.01% 2.36% 

7/50 
0150 

5/50 
0150 

1/50 
(b t 3/50 
(b ) 2/50 

1/50 
3/50 
2/50 

121300 (4.0%) 
1.79% 

3/50 
1/50 

(e) 7911,949 (4.1%) 
3.93% 

9/50 
0150 

(a) Data as  of April 29,1987, for studies of a t  least 104 weeks 
(b) Includes one squamous cell carcinoma 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
(e) Includes three squamous cell carcinomas and seven adenocarcinomas, NOS 
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TABLE A4c. HISTORICAL INCIDENCE OF LEUKEMIA IN MALE F344/N RATS ADMINISTERED CORN 
OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 

Historical Incidence at EG&G Mason Research Institute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
1 ,2-Dichloropropane 
Chlorodibromomethane 
n-Butyl chloride 
Bromodichloromethane 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

5/50 
6/50 
8/50 
6/50 

11/50 
8/50 

441300 (14.7%) 
4.32% 

11/50 
5/50 

32111,949 (16.5%) 
8.95% 

22/50 
1/50 

(a) Data as  of April 29,1987, for studies of a t  least 104 weeks 
(b) Standard deviation 
(e) Range and SD are presented for groups of 35 or more animals. 
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TABLE A4d. HISTORICAL INCIDENCE OF ANTERIOR PITUITARY GLAND TUMORS IN MALE 1?344/W 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in  Vehicle Controls 

Adenoma Carcinoma Adenoma or  Carcinomri 
~~~ ~~ ~ ~~~~ 

Historical Incidence a t  EG&G Mason Research Institute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
1,2-Dichloropropane 
Chlorodibromomethane 
n-Butyl chloride 
Bromodichloromethane 

TOTAL 
SD (b) 

Range (c) 
High 
Lo W 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

17/49 
17/50 
19/50 
12/49 
18/48 
13/48 

0149 
0150 
3/50 
3/49 
1/48 
4/48 

961294 (32.7%) 111294 (3.7%) 
5.58% 3.54% 

19/50 
12/49 

4/48 
0150 

(d) 51911,898 (27.3%) (e)  3811,898 (2.0%) 
10.31% 2.61% 

26/48 
5/50 

4/47 
0150 

17/49 
17/50 
22/50 
15/49 
19/48 
17/48 

1071294 (36.4%) 
4.71% 

22/50 
15/49 

(d,e) 55611,898 (29.3%) 
10.48% 

26/48 
6/50 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Includes 34 chromophobe adenomas and 1 acidophil adenoma 
(e) Includes four chromophobe carcinomas and three adenocarcinomas, NOS 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 50 50 50 
Animals removed 50 50 50 
Animals examined histopathologically 50 50 50 

ALIMENTARY SYSTEM 
Intestine large 

Abscess 
Hemorrhage 
Parasite 
Cecum, inflammation, chronic active 
Colon, erosion 
Colon, hyperplasia, lymphoid 
Lymphoid nodule, hyperplasia 

Ileum, fibrosis 
Ileum, necrosis 

Basophilic focus 
Clear cell focus 
Degeneration, cystic 
Eosinophilic focus 
Fatty change, diffuse 
Fatty change, focal 
Focal cellular change 
Hepatodiaphragmatic nodule 
Hyperplasia, focal 
Hyperplasia, multifocal 
Inflammation, chronic active 
Mixed cell focus 
Necrosis 
Bile duct, hyperplasia 

Artery, necrosis, fibrinoid 
Fat, inflammation, chronic active 
Fat, necrosis 

Acinus, atrophy 
Acinus, hyperplasia 
Artery, necrosis, fibrinoid 
Artery, thrombus 

Salivary glands 
Atrophy 
Atrophy, focal 
Fibrosis 
Inflammation, chronic active 
Duct, ectasia 
Duct, inflammation, chronic active 
Duct, metaplasia, squamous 

Forestomach, acanthosis 
Forestomach, fibrosis 
Forestomach, hyperkeratosis 
Forestomach, hyperplasia, basal cell 
Forestomach, inflammation, chronic active 
Forestomach, necrosis 
Forestomach, ulcer 
Glandular, necrosis 

Intestine small 

Liver 

Mesentery 

Pancreas 

Stomach 

(50) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

1 (2%) 

(49) 

(50) 
28 (56%) 

1 (2%) 
5 (10%) 

18 (36%) 

2 (4%) 
2 (4%) 

10 (20%) 
7 (14%) 

39 (78%) 
(4) 
1 (25%) 
1 (25%) 
2 (50%) 

6 (12%) 
4 (8%) 
1 (2%) 

(50) 

(50) 

1 (2%) 

(49) 
1 (2%) 

6 (12%) 

4 (8%) 
3 (6%) 
1 (2%) 

(50) 

5 (10%) 

1 (2%) 
(50) 

(50 )  
20 (40%) 
2 (4%) 
1 (2%) 
9 (18%) 
13 (26%) 
36 (72%) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 

29 (58%) 
11 (22%) 
3 (6%) 

37 (74%) 
(4) 

1 (25%) 
3 (75%) 

9 (18%) 
2 (4%) 

(50) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 
5 (10%) 

14 (28%) 
15 (30%) 

1 (2%) 
2 (4%) 
8 (16%) 

4 (8%) 

5 (10%) 

(50) 

(50) 

1 (2%) 
5 (10%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

24 (48%) 

(50) 

(50) 

4 (8%) 
27 (54%) 
23 (46%) 

23 (46%) 
8 (16%) 

20 (40%) 
22 (44%) 
(3 ) 

1 (33%) 

3 (6%) 
3 (6%) 

1 (2%) 

1 (2%) 

1 (2%) 
3 (6%) 

22 (46%) 
31 (65%) 

(50) 

(48) 

(50) 

4 (8%) 
3 (6%) 
10 (20%) 

10 (20%) 
1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

CARDIOVASCULAR SYSTEM 
Heart 

Cardiomyopathy 
(50) (50) (50) 

42 (84%) 39 (78%) 23 (46%) 

ENDOCRINE SYSTEM 
Adrenal gland 

cyst 
Thrombus 
Cortex, hyperplasia 
Cortex, hypertrophy, focal 
Cortex, necrosis 
Medulla, hyperplasia 

Islets, pancreatic 
Hyperplasia 

Pituitary gland 
Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hyperplasia 
Pars intermedia, hyperplasia 
Pars nervosa, cyst 

Thyroid gland 
Mineralization 
Necrosis 
C-cell, hyperplasia 
Capsule, necrosis, fibrinoid 
Follicle, cyst 
Follicular cell, hyperplasia 

(48) 

1 (2%) 
3 (6%) 

1 (2%) 
21 (44%) 

2 (4%) 

11 (22%) 
2 (4%) 
9 (18%) 
2 (4%) 
1 (2%) 

(48) 

(50) 

(49) 

3 (6%) 
1 (2%) 

(50) 
2 (4%) 

1 (2%) 

1 (2%) 
16 (32%) 

3 (6%) 

12 (25%) 
2 (4%) 

26 (54%) 

(50) 

(48) 

(49) 

3 (6%) 

(50 1 

1 (2%) 
1 (2%) 
6 (12%) 

2 (4%) 

1 (2%) 

15 (33%) 

(50) 

(46) 

1 (2%) 

1 (2%) 
1 (2%) 

(47) 

1 (2%) 
1 (2%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis 

Inflammation, chronic active 
Preputial gland 

Fibrosis 
Inflammation, chronic active 
Mineralization 
Necrosis 

Fibrosis 
Inflammation, acute 
Inflammation, chronic active 
Metaplasia, squamous 
Mineralization 
Epithelium, hyperplasia 

Seminal vesicle 
Atrophy 
Inflammation 

Spermatocele 
Interstitial cell, hyperplasia 
Seminiferous tubule, atrophy 
Seminiferous tubule, giant cell 

Prostate 

Testes 

(45) 

(41) 
2 (5%) 
7 (17%) 
1 (2%) 
7 (17%) 

2 (4%) 
1 (2%) 

16 (33%) 
2 (4%) 

1 (2%) 

1 (2%) 

(49) 

(50) 

(50) 

37 (74%) 
40 (80%) 

(49) 

(38) 

11 (29%) 

3 (8%) 

4 (9%) 

17 (37%) 
6 (13%) 
1 (2%) 
2 (4%) 

(46) 

(48) 

(50) 
1 (2%) 

39 (78%) 
38 (76%) 
6 (12%) 

(41 1 

(34) 
1 (2%) 

10 (29%) 

7 (21%) 

5 (10%) 

19 (38%) 
12 (24%) 
1 (2%) 
3 (6%) 

(50) 

(50) 

1 (2%) 

1 (2%) 
39 (78%) 
33 (66%) 

1 (2%) 

(50) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 

Lumbar, pigmentation 
Mandibular, infiltration cellular, plasma cell 
Mandibular, necrosis 
Mediastinal, angiectasis 
Mediastinal, congestion 
Mediastinal, depletion lymphoid 
Mediastinal, hemorrhage 
Mediastinal, pigmentation 
Mesenteric, angiectasis 
Mesenteric, infiltration cellular, mast cell 
Pancreatic, angiectasis 
Pancreatic, pigmentation 

cyst  
Depletion lymphoid 
Fibrosis 
Hematopoietic cell proliferation 
Infarct 
Pigmentation 

Epithelial cell, hyperplasia 

Lymph node 

Spleen 

Thymus 

(50) 
1 (2%) 

2 (4%) 

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

1 (2%) 

(50) 

30 (60%) 

1 (2%) 

2 (4%) 
(47) 

(48) 

4 (8%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 
1 (2%) 

2 (4%) 
36 (72%) 

2 (4%) 
(46) 

(49) 
1 (2%) 

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

12 (24%) 

2 (4%) 

1 (2%) 
(50) 

4 (8%) 

35 (70%) 
1 (2%) 

(41) 

INTEGUMENTARY SYSTEM 
Mammary gland 

Galactocele 
Skin 

Acanthosis 
Cyst 
Cyst epithelial inclusion 
Hemorrhage 
Hyperkeratosis 
Intlammation, chronic active 
Necrosis 
Subcutaneous tissue, necrosis 

(20) (15) (19) 

(49) (49) (50) 
1 (5%) 

1 (2%) 

1 (2%) 
1 (2%) 

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

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

1 (2%) 

MUSCULOSKELETAL SYSTEM 
Bone 

Joint, tarsal, hyperostosis 
(49) 

NERVOUS SYSTEM 
Brain (50) 

Hemorrhage 
Artery, thrombus 
Brain stem, vacuolization cytoplasmic 
White matter, cerebrum, vacuolization 

cytoplasmic 

(50) (50) 
2 (4%) 
1 (2%) 

2 (4%) 

2 (4%) 
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TABLE A& SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

RESPIRATORY SYSTEM 

Bronchiectasis 
Edema 
Infiltration cellular, histiocytic 
Inflammation, acute 
Inflammation, chronic active 
Inflammation, granulomatous 
Mineralization 
Alveolar epithelium, hyperplasia 
Bronchiole, inflammation, acute 
Bronchus, metaplasia, squamous 

Inflammation, chronic active 
Metaplasia, squamous 
Nasolacrimal duct, inflammation 

Lung 

Nose 

(50) 
1 
2 
8 
I 
1 

3 

(45) 
1 

(50)  
(2%) 
(4%) 3 (6%) 
(16%) 9 (18%) 
(2%) 
(2%) 7 (14%) 

(6%) 
1 (2%) 
6 (12%) 

(46) 
(2%) 3 (7%) 

(50) 
1 (2%) 

13 (26%) 
2 (4%) 

15 (30%) 
1 (2%) 
1 (2%) 
4 (8%) 
3 (6%) 
1 (2%) 

4 (11%) 
1 (3%) 
1 (3%) 

(38) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Hyperplasia 
Inflammation, chronic active 

( 3 )  (2) 
1 (33%) 

1 (50%) 

URINARY SYSTEM 
Kidney 

cyst  
Fibrosis 
Fibrosis, focal 
Hydronephrosis 
Necrosis 
Nephropathy 
Artery, necrosis, fibrinoid 
Pelvis, inflammation, acute 
Renal tubule, degeneration 
Transitional epithelium, hyperplasia 

Urinary bladder 
Hemorrhage 
Inflammation, chronic active 
Necrosis 
Transitional epithelium, hyperplasia 

1 (2%) 

46 (92%) 

(48) 
3 (6%) 
1 (2%) 
1 (2%) 
1 (2%) 

(50) (50) 
1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

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

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

3 (6%) 
3 (6%) 

50 (100%) 45 (90%) 

(49) (50) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

AL1 ME NTARY SYSTEM 
Intestine large 

Adenocarcinoma 
Leukemia mononuclear 
Polyp adenomatous 

Leukemia mononuclear 

Leukemia mononuclear 
Lymphoma malignant histiocytic 
Neoplastic nodule 
Neoplastic nodule, multiple 

Leukemia mononuclear 
Acinus, adenoma 
Acinus, adenoma, multiple 
Acinus, carcinoma 

Leukemia mononuclear 

Leukemia mononuclear 
Forestomach, papilloma squamous 

Intestine small 

Liver 

Pancreas 

Salivary glands 

Stomach 

(48) 

1 (2%) 

1 (2%) 

9 (18%) 
1 (2%) 

(48) 

(50) 

(49) 

(50) 
1 (2%) 

2 (4%) 
1 (2%) 

"(50) 

1 (2%) 
* G O )  

(49) 
13 (27%) 

4 (8%) 

(49) 

(49) 
2 (4%) 

6 (12%) 
(49) 

(50) 
6 (12%) 

1 (2%) 
1 (2%) 

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

(50 )  

(50) 

(50) 
1 (2%) 

CARDIOVASCULAR SYSTEM 
Heart (50) *60) (50) 

Leukemia mononuclear 7 (14%) 2 (4%) 4 (8%) 
Pericardium, alveolarhronchiolar carcinoma, 

metastatic 1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Leukemia mononuclear 
Medulla, p heochromocytoma benign 

Islets, pancreatic 
Adenoma 

Pituitary gland 
Leukemia mononuclear 
Pars distalis, adenoma 
Pars distalis, adenoma, multiple 

C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

Thyroid gland 

(50) 
6 (12%) 
2 (4%) 

2 (4%) 

3 (6%) 
26 (54%) 
3 (6%) 

4 (8%) 
1 (2%) 
1 (2%) 
1 (2%) 

(48) 

(48) 

(50) 

(46) 
2 (4%) 

10 (22%) 
2 (4%) 

3 (6%) 

1 (2%) 
1 (2%) 

(47) 

16 (33%) 

(49) 
2 (4%) 

2 (4%) 
1 (2%) 

GENERAL BODY SYSTEM 
None 
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TABLE B1. SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

GENITAL SYSTEM 
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Granulosa cell tumor 
Leukemia mononuclear 

Uterus 
Leiomyosarcoma 
Leukemia mononuclear 
Polyp stromal 
Polyp stromal, multiple 
Sarcoma stromal 

Squamous cell carcinoma 
Vagina 

(34) 

1 (3%) 
(50) 

6 (12%) 

1 (2%) 
1 (2%) 
9 (18%) 
1 (2%) 
1 (2%) 

(49) 

*(50) 

*(50) 
1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

*(50) 

(50) 

1 (2%) 
9 (18%) 

*GO) 
1 (2%) 

(39) 

(50) 

2 (5%) 

1 (2%) 
2 (4%) 

(50) 

1 (2%) 
2 (4%) 

HEMATOPOIETIC SYSTEM 

Leukemia mononuclear 

Axillary, leukemia mononuclear 
Lumbar, leukemia mononuclear 
Mandibular, leukemia mononuclear 
Mediastinal, leukemia mononuclear 
Mesenteric, leukemia mononuclear 
Pancreatic, leukemia mononuclear 
Renal, leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 
Lymphoma malignant lymphocytic 
Epithelial cell, thymoma, NOS 

Bone marrow 

Lymph node 

Spleen 

Thymus 

(48) 

(50) 
1 (2%) 

2 (4%) 
5 (10%) 
4 (8%) 
5 (10%) 
2 (4%) 
1 (2%) 

8 (16%) 

4 (8%) 
1 (2%) 
1 (2%) 

(49) 

(48) 

*(50) 

*(50) 
2 (4%) 

5 (10%) 
4 (8%) 
7 (14%) 
4 (8%) 
2 (4%) 

13 (26%) 

1 (2%) 

*(50) 

*(50) 

(50)  

(49) 
1 (2%) 

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

(50)  

(48) 
6 (12%) 

1 (2%) 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenocarcinoma, mu1 tiple 
Fibroadenoma 
Fibroadenoma, multiple 
Leukemia mononuclear 

Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, sarcoma 

Skin 

(44) *(50) (39) 
1 (2%) 

14 (32%) 16 (32%) 6 (15%) 
8 (18%) 1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50)  ' ( 5 0 )  (50)  

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
Brain 

Astrocytoma malignant 
Leukemia mononuclear 

(50) *(50) 

3 (6%) 

(50) 
1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

RESPIRATORY SYSTEM 
Lung (50) *t50) (50 )  

Alveolar/bronchiolar adenoma 2 (4%) 1 (2%) 1 (2%) 
Alveolar/bronchiolar carcinoma, multiple 1 (2%) 
Carcinoma, metastatic, clitoral gland 1 (2%) 
Leukemia mononuclear 7 (14%) 10 (20%) 5 (10%) 

SPECIAL SENSES SYSTEM 
None 

URINARY SYSTEM 
Kidney (50) (50) (50)  

Leukemia mononuclear 7 (14%) 7 (14%) 3 (6%) 
Sarcoma 1 (2%) 
Pelvis, transitional epithelium, papilloma 1 (2%) 
Renal tubule, adenoma 1 (2%) 

Leukemia mononuclear 2 (4%) 2 (4%) 
Urinary bladder (45) V50) (46) 

SYSTEMIC LESIONS 
Multiple organs Y50) "(50)  * (50 )  

Lymphoma malignant lymphocytic 1 (2%) 

Lymphoma malignant histiocytic 1 (2%) 
Leukemia mononuclear 9 (18%) 13 (26%) 6 (12%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 
Terminal sacrifice 
Natural death 
Moribund sacrifice 
Gavage death 

50 
33 
4 

13 

50 
28 
6 

16 

50 
28 

2 
19 
1 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 

Total primary neoplasms 
Total animals with benign neoplasms 

Total benign neoplasms 
Total animals with malignant neoplasms 
Total malignant neoplasms 

Total animals with secondary neoplasms *** 
Total secondary neoplasms 

Total animals with neoplasms- 
uncertain benign or malignant 

Total uncertain neoplasms 

47 
93 
41 
74 
17 
18 

1 
1 

37 
68 
28 
49 
18 
18 
1 
1 

1 
1 

38 
60 
33 
47 
10 
12 

1 
1 

1 
1 

* Number of animals receiving complete necropsy examination; all grow lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE Be. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE: VEHICLE CONTROL 

WEEKS ON 
STUDY 

c A R c m  
ID 

Esophagus 
Intestine large 

Intsstine small 

Liver 

Mesentery 
Pancreaa 

Salivary glands 

Stomach 

Leukemia mononuclear 

Leukemia mononuelear 

Leukemia mononuclear 
Lymphoma malignant histiocytic 

Leukemia mononuclear 
Acinus, adenoma 

Leukemia mononuclsar 

Leukemia mononuclear 
Forestomach, papilloma aquamoua 

Heart 
L.&emia mononuclear 

Adrenal gland 

Islets. pancreatic 

Parathyroid gland 
Pituitary gland 

Laukemia mononuclear 
Medulla, pheochromocytoma benign 

Adenoma 

Lsukemia mononuclear 
Para distalis, adenoma 
P a n  distalis. adenoma. multiple 

d[eell. adenoma 
C-cell carcinoma 
Follichar cell, adenoma 
Follicular cell, carcinoma 

None 

Th midgland 

Clitoral gland 
Carcinoma 

O v G L n i a  mononuclear 

Leiomyosarcoma 
Lsubmia  mononuclear 
Polyp stromal 
Polyp stromal, multipia 
Sarcoma stromal 

Ut4F.U 

+: Tissue examined micmacopically 

-: Present but not examined microscopically 
I: Insufficient tislue 

: Notexamined 

0 0 0  0 0 0 0 0 0  0 0 0 0  0 1 1 1 1 1 1 1 1 1 1 1  
7 8 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0  
7 8 0 0 0 2 2 3 5 5 6 8 8 9 1 5 6 6 8 6 6 6 6 6 6  

4 4 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 4 5 0 3 1 1 5 2 8 2 6 9 3 7 3 7 1 1 1 2 2 2 3  
5 2 3 5 4 2 5 4 1 4 4 1 1 3 4 2 1 4 1 2 3 2 3 5 3  

+ + M + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + A A + + + + + + + +  

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

x x  X X X X 

+ + + + + + + + + + + + + + + M A + + + + + + + +  
+ t 

X 
+ M + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  l x  X 

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

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

+ + + + + + + + + + + + + + + M A + + + + + + + +  
M M + + M + + + + M + M M + M + M M M + + M + U M  
+ + + + + + + + + + + + M + + + + + + + + + t + +  x 

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

X 

X 

+ M M + + M + + + M + M + + + M M + M + + + + + +  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + M + + + + + + + + + + + + + + t +  
x x  X X 

X 

X X X 
X /1 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS VEHICLE CONTROL 
(Continued) 

W m  ON 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 

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

CARCASS 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 s 3 3 4 
ID 3 4 4 4 4 5 5 5 6 6 6 6 7 7 I 8  8 9 0 8 8 9 9 9 0 

5 1 2 4 5 2 3 4 2 3 4 5 1 3 5 2 5 2 1 1 3 1 4 5 3  

STUDY 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  

TOTAL: 
TISSUES 
TUMORS 

Esophagus 
Intestine large 

Leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Intestine small 

Liver 

X + + . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

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

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

+ + + + + + + + + + + + + + + + + + + + + + u + +  48 . . . . . . . . . . . . . . . . . . . . . . . . .  48 
X 1 . . . . . . . . . . . . . . . . . . . . . . . . .  48 
X 1 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

X x x  9 

Adrenal gland 

Islets, pancreatic 

Parathyroid gland 
Pituitary gland 

Leukemia mononuclear 
Medulla, pheochromocytoma benign 

Adenoma 

Leukemia mononuclear 
P a n  distalis adenoma 

dlcell. adenoma 
C-cell. carcinoma 
Follicular cell, adenoma 
Follicular mll, carcinoma 

None 

Pars distalis: adenoma, multiple 
Th mid gland 

BO- 

Clitoral eland 
1 . . . . . . . . . . . . . . . . . . . . . . . . .  50 x x  . . . . . . . . . . . . . . . . . . . . . . . . .  4g l 6  

x x x x  X x x  x x x  

X 1 
1 

X 1 

Leiomyosarcoma 
Leukemia mononuclear 
Polyp stromal 
Polyp stromal. multiple 
Sarcoma stromal 

X 

1 
1 
9 
1 
1 

50 
7 
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TABLE 82.  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS VEHICLE CONTROL 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

Bone marrow 

Lymph node 
Leukemia mononuclear 

Lumbar leukemia mononuclear 
Mandibhar, leukemia mononuclear 
Mediastinal, leukemia mononuclear 
Mesentenc, leukemia mononuclear 
Pancreatic, leukemia mononuclear 
Renal. leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 
Lym homa malignant lymphocytic 
Epitfelial cell. thymoma. NOS 

Spleen 

Thymus 

Mammary gland 
Adenocarcinoma, multiple 
Fibroadenoma 
Fibroadenoma. multiple 

Subcutaneous tissue, fibrosarcoma 
Skin 

Bone 

Brain 
M 

Leukemia mononuclear 

Lung 

Nose 
Trachea 

Hardenan gland 

Kidnev 

Alveolarhronchiolar adenoma 
Leukemia mononuclear 

L e d e m i a  mononuclear 

Leukemia mononuclear 
Urinary bladder 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1  
7 8 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0  
7 8 0 0 0 2 2 3 5 5 6 6 8 9 1 5 6 6 6 6 6 6 6 6 6  
4 4 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 4 5 0 3 1 1 5 2 8 2 6 9 3 7 3 7 1 1 1 2 2 2 3  
5 2 3 5 4 2 5 4 1 4 4 1 1 3 4 2 1 4 1 2 3 2 3 5 3  

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

+ M + + + + + + + + + + + + + + M + + + + + + + +  
x x  X X X 

X X 
X 

X 

+ + + + + + + + + + + + + + M M + + + + + + + + t  

x x x  x x  x x  x x  
x X X 

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

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

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

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

x x  X X X 
+ + + + + + + + + M + + M + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ 

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

+ + + + + + + + + + + + + + M A A + A + + + + + +  
x x  X X X 

Tribromomethane, NTP TR 350 106 



TABLE B% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

Bone mmw 

Lymph node 
Leukemia mononuclear 

Lumbar leukemia mononuelear 
Mandibhar leukemia mononuclear 
Mediastina<, leukrmia mononuclear 
Mesenteric, leukemia mononuclear 
Pancreatic leukemia mononuclear 
~ e n a ~ ,  ~ e u L m i a  mononuelear 

Leukemia mononuclear 

Leukemia mononuclear 
Lym homa malignant lym hocytic 
E p i t h i a l  cell. thymoma, 80s 

Spleen 

Thymus 

Mammary gland 
Adenocarcinoma. multiple 
Fibroadenoma 
Fibmadenoma. multiple 

Skin 
Subcutaneous tissue, fibrosarcoma 

Bone 

Brain 
Leukemia mononuclear 

M 
t u n g  

Nose 
Trachea 

Alveolar/bronchiolar adenoma 
Leukemia mononuclear 

Harderian gland 

Kidney 

Urinary bladder 
Leukemia mononuclear 

Leukemia mononuclear 

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  
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  
6 6 6 0 6 6 0 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7  

3 3 3 3 3 3 3 9 3 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 4  

5 1 2 4 5 2 3 4 2 3 4 5 1 3 5 2 5 2 1 1 3 1 4 5 3  
3 4 4 4 4 5 5 5 6 6 0 6 7 7 7 8 8 9 0 8 8 9 9 9 0  

+ + + + M + + + + + + + + + + + t + + + + + + t +  
X + + + + + + + + + + + + + + + + + + + + + + + + +  
h 
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 + + +  

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

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

~~ ~~ ~ ~ 

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

M + + + + + + + + + + + + + + + + + + + + + + + +  
x x  
x x  

TOTAL 
ISSUES 
'UMORS 

48 
1 

50 
2 
5 
4 
5 
2 
1 
49 
8 
40 
4 
1 
1 

44 
1 
14 
8 

50 
1 

50 

50 
3 

50 
2 
7 
48 
50 

1 

50 
7 
45 
2 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE: LOW DOSE 

[ + + M + + + + + + + + + + + + + +  

WEEKS ON 
STUDY 

I 

CARCASS 
ID 

Esophagus 
Intestine large 

Intestine small 
Liver 

Mesentery 
Pancreas 

Saliva glands 
S t o m a 3  

Heart 

Polyp adenomatous 

Leukemia mononuclear 
Neoplastic nodule 

Acinus, camnoma 

Leukemia mononuclear 

0 0  0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0  1 1 1 1  
0 0 1 4 4 7 7 8 8 8 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0  
7 8 9 0 9 5 7 3 9 4 7 7 9 9 0 0 2 4 7 9 9 4 5 6 6  

4 4 4 4 5 5 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
9 7 4 1 0 0 2 5 0 7 5 8 1 6 4 8 9 7 5 1 9 3 3 1 1  
5 2 2 1 5 4 2 5 3 5 4 2 3 5 3 5 3 3 1 4 2 4 2 2 5  

+ + M + t + + + + + + + + M + + + +  + + + + + +  
+ + A + + + + + + + A + + + + + +  + + 
+ + A + + + + + + + A + + + + + +  + 
+ + M + + + + + + + + + + + + + + + + + + + + + +  

x x  x x x x  x x x  x x  x 
+ + 

+ + + + + + M + + + + + + + + + + + + + + + + + +  

+ + M + + + + + + + + + + + + + + + + + + + + + +  + + + + + + + + + + + + + + + + +  + + +  + + 

+ + M + + + + + + + + + + + + + +  x x  

Adrenal gland 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Leukemia mononuclear 

Leukemia mononuclear 
Pars distalis. adenoma 
Pars distalis, adenoma, multiple 

&ell abnoma  
Folli&lar call. adenoma 
Follicular call, carcinoma 

None 

Th roidgland 

Clitoral gland 
Adenoma 
Carcinoma 

Granulosa call tumor 
Leukemia mononuclear 

Leukemia mononuclear 
Polyp stromal 

Squamous call carcinoma 

Ovary 

Uterus 

Vagina 

Mesenteric. leukemia mononuelear 
Pancreatic, leukemia mononuclear 
Renal, leulramia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Spleen 

Thymus 

Mammary ghnd 
Fibroadenoma 
Fibroadenoma. multiple 
Leukemia mononuclear 

Subcutaneous tissue, sarcoma 
Skin 

Bone 

Brain 

Lung 
Alveolar~mnchiohr adenoma 
Carcinomq metastatic. clitoral gland 
Leukemia mononuclear 

Nose 
Trachea 

Kidney 

Urinary bladder 
Leukemia mononuclear 

+ + + + + + + + M + + + + + + + +  + 
X x x  X 

+ + + + + + M + + + + + + + + + + + + + + + + + +  
M + + + + M + + + + + + + + + + + + + + + + M + +  
M + M M + M M M M + + + M + M M +  

X X 
X X X 

+ + M M + + + + + + + + + + + + + + + + + + + + +  x x  
x x  

- - - - -  + M + + + + + M M M + +  
X + + + + + + + + + + + + + + + + +  + +  

X X . . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  x x x  + 

+ + M + + + + + + + + + + + + + +  I . . . . . . . . . . . . . . . . . . . . . . . . .  
A A 
X x x x  x x  X X x x x  x x x x  

X X : 
+ + + + + + + + + + + + + + + + + + +  + + 
+ M M M + + + + + + M + + + + + +  

X 
x x x x  x x x  x x  x 

M M M M + + M + + + M + + + + + + + + + + + + + +  x x x x x x  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

x x  

X 

+ + + + + + + + + + + + + + + + +  

+ + M + + + + + + + + + + ' +  + + + + + 
X 

X 
- - - - -  + + + + + + + + + + + +  
+ + M + + + + + + + + + + + + + + + + + + + + + +  

x x x x  x x x  X 

+ + 
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + A + + + + + + + + M M + + + +  

x x x  X X X 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS LOW DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

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  

6 6 6 6 6 6 6 6 6 8 6 6 8 6 6 8 6 6 6 6 6 6 6 6 6  

2 2 2 2 3 3 3 4 4 4 5 5 6 6 6 8 7 7 8 8 8 9 9 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 0 0  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5  

1 3 4 5 1 3 5 1 4 5 2 3 1 2 4 3 1 4 1 3 4 1 4 1 2  

Esophagus 
Intestine lam 

Intestine small 
Liver 

Mesentery 
Pancreas 

Saliva glands 
S t o m a 3  

Heart 

Polyp adenomatow 

Leukemia mononuclear 
Neoplastic nodule 

Acinus. carcinoma 

Leukemia mononuclear 

Adrenal gland 

Islets pancreatic 
Parathyroid gland 
Pituitary gland 

Leukemia mononuclear 

Leukemia mononuclear 
Pam distalis adenoma 
Pam diatalis: adenoma, multiple 

dIcell adenoma 
Follichar cell adenoma 
Follicular cell: carcinoma 

None 

Th roidgland 

Clitoral gland 
Adenoma 
Carcinoma 

Polyp stromal 

Squamous call carcinoma 
Vagina 

M 
Bone marrow 
Lymph nodo 

Axillary, leukemia mononuclear 
Mandibular. leukemia mononuclear 
Mdiastind. leukemia mononuclear 
Mesanteric, leukemia mononuclear 
Pancreatic, leukemia mononuclear 
Renal, leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Spleen 

Thymus 

Mammary gland 
Fibroadenoma 
Fibroadenoma multiple 
Leukemia moioonuclear 

Subcutaneous tiuue. sarcoma 
Skin 

Bone 

Brain 

Lung 
Alveolar/bronchiolar adsnoma 
Carcinoma, metastatic. clitoral gland 
Leukemia mononuclear 

Nose 
Trachea 

Eye 

Kidney 

Unnary bidder 
Leukemia mononuclear 

+ . . . . . . . . . . . . . . . . . . . . . . .  
L 

X 

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

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

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

X X + 
X 

+ +  + + 

+ 
. . . . . . . . . . . . . . . . . . . . . . . . .  + +  + +  + + + +  + 
+ + + + + M + + + + + + + + + + + + + + + + + + +  

x x  
+ + + + + + + + + + + + + + + + + + + + + + M + +  

x x  X X X 

X 
X 

X 

- 
46 
18 
1 

16 
49 
13 
4 
3 

49 
1 

49 
28 

16 
2 

18 
4 

49 
16 
46 

2 
10 
2 

41 
3 
1 
1 

X 

+ 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  X + 
X 

1 
1 

20 
1 
2 

50 
1 
9 
2 
1 

+ + + + + +  + + + +  + + + + + + + + + + + +  
X 

+ +  
+ 

16 
47 

2 
5 
4 
7 
4 
2 

28 
13 
14 
1 

+ + + + + M + + + + + + + + + M + + + + + + + + +  
x x x  

+ M +  + + + +  + + + + + + + + + + + + + +  + 

x x  X X X 
X 

+ + +  + + + + + + + +  + + + 

X X 

+ . . . . . . . . . . . . . . . . . . . .  + +  

42 
16 
1 
1 

46 
1 

16 

17 

32 
1 
1 

10 
12 
47 

I 3 
+ I- 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE: HIGH DOSE 

STUDY 

CARCASS 
ID 

Esophagus 
Intestine large 

Intestine small 
Liver 

Adanocarcinoma 
Polyp adenomatous 

Leukemia mononuclear 
Neoplastic nodule 
Neoplastic nodule, multiple 

Leukemia mononuclear 
Acinus, adenoma 
Acinus, adenoma, multiple 

Leukemia mononuclear 

Mesentery 
Pancreas 

Saliva glands 
S t o m a 3  

Heart 
Leukemia mononuclear 
Pericardium, alveolarhmnchiolar 

carcinoma, metastatic 

Adrenal gland 

Islets, pancreatic 
Parathymid gland 
Pituitary gland 

Pars distalis, adenoma 
Th midgland 

&cell adenoma 
Follichar cell, adenoma 
Follicular cell, carcinoma 

None 

Leukemia mononuclear 
Medulla. pheochromocytoma benign 

Clitoral gland 
Adenoma 

%Gulosa cell tumor 
Leukemia mononuclear 

Leukemia mononuclear 
Polyp stromal 

Uterus 

Tribromomethane, NTP TR 350 

b o o 0  0 0 0 0 0 0 0 0 0  0 1 1 1 1 1 1 1 1 1 1 1  
2 4 6 6 7 8 8 8 8 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0  
5 6 2 9 8 0 4 6 9 1 2 5 5 5 2 2 2 3 3 4 4 4 6 6 6  

5 5 5 5 5 5 6 5 5 5 6 5 5 5 5 5 5 5 5 5 6 5 5 5 5  
2 9 8 3 3 5 0 5 5 4 0 9 3 3 2 9 1 6 5 6 0 4 1 1 1  
4 1 5 2 1 2 4 4 3 1 3 2 4 5 1 5 3 4 1 2 2 4 1 2 4  

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

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

X x x  X 

+ + + . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 

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

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
M M + M M + M M + M M M M + M M + + M M M ~ M + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 
X 

- - -  + M M + + + + + + M + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

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

X 
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TABLE B9. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

ON 
STUDY 

CARCASS 
ID 

Eaophaps 
Intestine large 

Intestine small 
Liver 

Adenocarcinoma 
Polyp adenomateus 

Leulumia mononuclear 
Neoplastic nodule 
Neoplastic nodule. multiple 

Leukemia mononuclear 
Acinus, adenoma 
Acinus, adenoma, multiple 

Leuiwmia mononuclear 

M e w n t e y  
Pancreas 

Saliva glands 
St0Ill.X 

Heart 
Leukemia mononuclear 
Pericardium, ahwolrrlbmnchiolar 

carcinoma. metastatic 

Adrenal eland 

~ s ~ e t r .  pan’cmatic 
Parathymid #knd 
Pituitar). gland 

P a n  distalii adenoma 
Th mid eland 

&coll, adenoma 
Follicular cell adenoma 
Follicular nli carcinoma 

Nona 

Inukemia mononuelear 
Medulla pheochromocytoma benign 

Clitoral eland 
Adenoma 

%Zu1ou cell tumor 
kukemia  mononuclear 

Leukemia mononuclear 
Polyp rtmml 

Ute- 

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  
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  
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6  

~ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6  
1 2 2 2 3 4 5 6 7 4 4 8 6 7 7 7 7 8 8 8 8 9 9 0 0  
5 2 3 5 3 3 5 1 1 2 5 3 5 2 3 4 5 1 2 3 4 3 4 1 5  

+ + + + + + + + + + + + + + + + + + M + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X x x  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

X 
X 

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

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

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

X 

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

M M M + + + + M + M + M + + + + M M M M + M M M t  
+ + + t M + + + + + t + + + + + + + + + + + t + +  
X X x x x x  x x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
x x  

+ + + + + + + M M + + + + M M + + + M + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  X X 

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

X 

TOTAL: 
‘ISSUES 
‘UMORS 

49 
49 

2 
6 

49 
50 
6 
1 
1 
3 

50 
1 
2 
1 

50 
50 
1 

50 
4 

1 

50 
2 
3 

50 
20 

16 
49 

2 
2 
1 

48 

39 
2 

50 
1 
2 

50 
1 
2 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMAVOWMET1U SYSTEM
Bone marrow

Leukemia mononuclear
Lymph node

Mandibnlar, leukemia mononuclear
Mediastinal, leukemia mononuclear
Mesentenc, leukemia mononuclear
Pancreatic, leukemia mononuclear

Spleen
Leukemia mononuclear

Thymus
Leukemia mononuclear

1NTEUUMENTAKY SYSTEM
Mammary gland

Fibroadenoma
Skin

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

Astrocytoma malignant

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma.

multiple
Leukemia mononuclear

Nose
Trachea

SPECIAL SENSEb1 SYSTEM
Eye
Kardenan gland

URINARY SYSTEM
Kidney

Leukemia mononuclear
Sarcoma
Pelvis, transitional epithelium.

papilloma
Renal tubule, adenoma

Urinary bladder
Leukemia mononuclear

0 6 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
2 4 6 6 7 8 8 8 8 9 9 9 9 9 0 0 0 0 0 0
5 6 2 9 8 0 4 6 9 1 2 5 5 5 2 2 2 3 3 4

5 5 5 5 5 5 6 5 5 5 6 5 5 5 5 5 5 5 5 5
2 9 8 3 3 5 0 S 5 4 0 9 3 3 2 9 1 6 5 6
4 1 5 2 1 2 4 4 3 1 3 2 4 5 1 5 3 4 1 2

+ + + + + + + + + + + ± + + + + + + + +

X
X
X
X

X X X

X

X X

X

X X X

1 1 1 1
0 0 0 0
4 4 6 6

6 5 5 5
0 4 1 1
2 4 1 2

X

X
X

X

X

+ + + +

X
+ + + +

1
0
6

5
1
4

+

+

+

M

+

+

+

: : : +

X X
X

X

M+ + + + +M + + + + + + + + + 4~ + 4~ +
X

+ + + +
X

+ + + +•
X

H-

H-
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS HIGH DOSE 
(Continued) 

STUDY 

CARCASS 
ID 

Bone marrow 

Lymph node 
Leukemia mononuclear 

Mandibular leukemia mononuclear 
MdieitiMi. leukemia mononuclear 
Meaentaric, leukemia mononuchar 
Pancreatic, leukemia mononucber 

' t Y L m i a  mononuclear 
Thymus 
Leukemia mononuclear 

Fibroade noma 
Skin 

Bone 

Brain 
Astrocytoma malignant 

M 
Lung 

Alwalar/bmnchiolar adenoma 
Alveolar/bronchiolar carcinoma. 

Leukemia mononuclear 
multiple 

Non 
Trachea 

Kidnev ~ . ~ _ ~ ~ ~  
h u l j m i a  mononuclear 
Samma 
Palvts. transitional eDitbe~ium, 

ppillonu 
RSMI tubule, adenoma 

Leukemia mononuclear 
U r i ~ y  bladder 

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  
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  
6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6  
1 2 2 2 3 4 5 6 7 4 4 8 6 7 7 7 7 8 8 8 8 9 9 0 0  
5 2 3 5 3 3 5 1 1 2 5 3 5 2 3 4 5 1 2 3 4 3 4 1 5  

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

+ + + + + + + + M + + + + + + + + + + + + + + + +  

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

+ + t + M + + M M + + + + M M + + + M M + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X 

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

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

~~~~~ ~ ~ 

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

X 
X 

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

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

+ 

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

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

TOTAL: 
ISSUES 
UMORS 

50 
1 

49 
1 
2 
2 
1 

50 
6 

48 
1 

39 
6 

50 

50 

50 
1 

50 
1 

1 
5 

46 
50 

4 
4 

50 
3 
1 

1 
1 

46 
2 
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TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  TRIBROMOMETHANE 

Vehicle Control 100 mg/kg 200 mg/kg 

Adrenal Gland Medulla: Pheochromocytoma 
Overall Rates (a) 2/50 (4%) 

Terminal Rates (c) 2/34 (6%) 

Life Table Tests (d) P=0.331 
Logistic Regression Tests (d) P = 0.359 
Cochran-Armitage Trend Test (d) P = 0.390 
Fisher Exact Test (d) 

Adjusted Rates (b) 5.9% 

Day of First Observation 735 

Large Intestine: Adenomatous Polyp 
Overall Rates (a) 0150 (0%) 

Terminal Rates (c)  0134 (0%) 
Day of First Observation 
Life Table Tests (d) P = 0.004 
Logistic Regression Tests (d) P = 0.004 
Cochran-Armitage Trend Test (d) P = 0.005 
Fisher Exact Test (d)  

Adjusted Rates (b) 0.0% 

Large Intestine: Adenomatous Polyp or  Adenocarcinoma 
Overall Rates (a) 0150 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0134 (0%) 
Day of First Observation 
Life Table Tests (d) P <0.001 
Logistic Regression Tests (d) P < 0.00 1 
Cochran-Armitage Trend Test (d) P < 0.00 1 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule 
Oveal l  Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pancreas: Acinar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Tribromomethane, NTP TR 350 

0150 (0%) 
0.0% 
0134 (0%) 

P=0.173 
P=0.197 
P = 0.223 

22/50 (44%) 
50.9% 
14/34 (41%) 
537 
P = 0.004N 
P <  0.001N 
P < 0.001 N 

1/48 (2%) 
3.0% 
1/33 (3%) 
735 
P=0.151 
P=0.173 
P=0.185 

114 

0150 (0%) 
0.0% 
0128 (0%) 

P = 0.282N 
P = 0.282N 

P = 0.247N 

(e) 1/50 (2%) 
3.6% 
1/28 (4%) 
735 
P=0.461 
P=0.461 

P = 0.500 

(e) 1/50 (2%) 
3.6% 
1/28 (4%) 
735 
P=0.461 
P=0.461 

P = 0.500 

4/49 (8%) 
13.8% 
3/28 (11%) 
722 
P = 0.043 
P = 0.038 

P = 0.056 

17/50(34%) 
51.0% 
12/28 (43%) 
618 
P = 0.509N 
P = 0.369N 

P=0.206N 

0149 (0%) 
0.0% 
0128 (0%) 

P=0.533N 
P=0.533N 

P = 0.495N 

3/50 (6%) 
10.0% 
2/28 (7%) 
721 
P = 0.422 
P = 0.458 

P = 0.500 

6/50 (12%) 
17.6% 
3/28 (1 1%) 
637 
P = 0.013 
P =0.015 

P=0.013 

8/50 (16%) 
24.2% 
5/28 (18%) 
637 
P=0.003 
P = 0.004 

P = 0.003 

2/50 (4%) 
7.1% 
2/28 (7%) 
735 
P = 0.196 
P = 0.196 

P = 0.247 

6/50 (12%) 
18.2% 
4/28 (14%) 
543 
P = 0.004N 
P < 0.001 N 

P <0.001N 

3/50 (6%) 
9.7% 
2/28 (7%) 
665 
P=0.257 
P=0.293 

P = 0.324 



TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF TRIBROMOMETHANE (Continued) 

Vehicle Control 100 m g k g  200 mgkg  

Pancreas: Acinar Adenoma or Carcinoma 
Overall Rates (a) 1/48 (2%) 
Adjusted Rates (b) 3.0% 
Terminal Rates (c) 1/33 (3%) 

Life Table Tests (d) P =0.169 
Logistic Regression Testa (d) P = 0.196 

P = 0.21 2 
Fisher Exact Test (d) 

Day of First Observation 735 

Cochran-Armitage Trend Test (d) 

Pituitary Gland/Pars Distalis: Adenoma 
Overall Rates (a) 29/48 (60%) 
Adjusted Rates (b) 66.6% 
Terminal Rates (c) 19/33 (58%) 
Day of First Observation 610 
Life Table Tests (d) P=0.043N 
Logistic Regression Tests (d) P = 0.008N 
Cochran-Armitage Trend Test (d) P = 0.005N 
Fisher Exact Test (d)  

Thyroid Gland: C-cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Testa (d) 
Logistic Regression Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

4/50 (8%) 
11.8% 
4/34(12%) 
735 
P=0.348N 
P= 0.292N 
P = 0.274N 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 14.7% 
Terminal Rates (c) 5/34(15%) 
Day of First Observation 735 
Life Table Tests (d) P=0.230N 
Logistic Regression Tests (d) P= 0.185N 
Cochran-Armitage Trend Test (d) P=0.167N 
Fisher Exact Test (d) 

Thyroid Gland: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a)  2/50 (4%) 
Adjusted Rates (b) 5.9% 
Terminal Rates (c) 2/34 (6%) 
Day of First Observation 735 
Life Table Tests (d) P=0.353 
Logistic Regression Tests (d) P = 0.371 
Cochran-Armitage Trend Test (d) P = 0.398 
Fisher Exact Test (d) 

Uterus: Stromal Polyp 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Testa (d) 
Logistic Regression Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

10149 (20%) 
26.4% 
7/34(21%) 
630 
P=0.040N 
P = 0.018N 
P = 0.014N 
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1/49 (2%) 
3.6% 
1/28 (4%) 
735 
P=0.725 
P=0.725 

P = 0.747N 

12/46 (26%) 
38.1% 
8/26 (31%) 
538 
P= 0.019N 
P=0.003N 

P < 0.00 1N 

3/47 (6%) 
8.3% 
1/27 (4%) 
577 
P = 0.613N 
P=0.553N 

P=0.535N 

3/47 (6%) 
8.3% 
1/27 (4%) 
577 
P=0.479N 
P= 0.421N 

P = 0.393N 

2/47 (4%) 
7.4% 
2/27 (7%) 
735 
P=0.610 
P=0.610 

P=0.668 

9/50(18%) 
26.1% 
5/28(18%) 
538 
P-0.519 
P = 0.572N 

P= 0.480N 

3/50 (6%) 
9.7% 
2/28 (7%) 
665 
P = 0.257 
P=0.293 

P=0.324 

16/48 (33%) 
46.9% 
10/27 (37%) 
582 
P-0.067N 
P = 0.0 1 1N 

P= 0.007N 

2/49 (4%) 
7.1% 
2/28 (7%) 
735 
P = 0.429N 
P = 0.429N 

P = 0.349N 

2/49 (4%) 
7.1% 
2/28 (7%) 
735 
P = 0.298N 
P=0.298N 

P = 0.226N 

3/49 (6%) 
8.9% 
1/28 (4%) 
713 
P=0.453 
P = 0.46 1 

P=0.490 

2/50 (4%) 
6.2% 
1/28 (4%) 
665 
P = 0.033N 
P=0.019N 

P=0.013N 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF TRIBROMOMETHANE (Continued) 

Vehicle Control 100 m g k g  200 mg/kg 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

9/50(18%) (D 13/50 (26%) 6/50 (12%) 
22.8% 32.3% 17.5% 
5/34(15%) 3/28 (1 1%) 3/28 (11%) 
642 576 483 
P=0.386N P=0.122 P = 0.390N 
P=0.257N P=0.237 P = 0.293N 
P=0.261N 

P=0.235 P=0.288N 

( a )  Number oftumor-bearing animals/number of animals examined a t  the site 
tb) Kaplan-Meier estimated tumor incidences a t  the end ofthe study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise cornpatisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The logistic regres- 
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e J Eighteen large intestines were examined microscopically. 
tD Twenty-eight spleens were examined microscopically. 
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TABLE Bla. HISTORICAL INCIDENCE OF LARGE INTESTINE TUMORS IN FEMALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
~ ~~ ~ 

Historical Incidence at EG&G Mason Research Institute 

TOTAL 01282 

Overall Historical Incidence 

TOTAL 011,888 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 

TABLE B4b. HISTORICAL INCIDENCE OF LIVER TUMORS IN FEMALE F344/N RATS ADMINISTERED 
CORN OIL BY GAVAGE (a) 

Study Incidence of Neoplastic Nodules in Vehicle Controls 
-~ ~ 

Historical Incidence at EG&G Mason Research Insti tute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
1,2-Dichloropropane 
Chlorodibromomethane 
n-Butyl chloride 
Bromodichloromethane 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

1/50 
2/50 
1/50 
0150 
1/50 
1/50 

61300 (2.0%) 
1.26% 

2/50 
0150 

3311,945 (1.7%) 
2.18% 

5/50 
0150 

(a) Data as ofApril 29,1987, for studies of a t  least 104 weeks; no malignant tumors have been observed. 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE B4c. HISTORICAL INCIDENCE O F  UTERINE ENDOMETRIAL STROMAL POLYPS IN FEMALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study Incidence in Vehicle Controls 

Historical Incidence a t  EG&G Mason Research Institute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
1,2-Dichloropropane 
Chlorodibromomethane 
n-Butyl chloride 
Bromodichloromethane 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

11/50 
12/50 
10150 
14/50 
12/50 
11/49 

701299 (23.4%) 
2.69% 

14/50 
10150 

390/1,934 (20.2%) 
6.53% 

17/50 
5/50 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 36 or more animals. 

Tribromomethane. NTP TR 350 118 



TABLE B4d. HISTORICAL INCIDENCE O F  ANTERIOR PITUITARY GLAND TUMORS IN FEMALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in  Vehicle Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at EGLG Mason Research Institute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
1,2-Dichloropropane 
Chlorodibromomethane 
n-Butyl chloride 
Bromodichloromethane 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

18/50 
16/50 
16/49 
11/47 
22/49 
27/49 

110/294 (37.4%) 
11.13% 

27/49 
11/47 

(d) 760/1,901 (40.0%) 
10.34% 

32/49 
9/50 

1/50 
2/50 
3/49 
5/47 
2/49 
4/49 

171294 (5.8%) 
3.15% 

5/47 
1/50 

(e) 5311,901 (2.8%) 
2.81% 

5/47 
0/50 

19/50 
17/50 
19/49 
16/47 
24/49 
3 1/49 

1261294 (42.9%) 
11.41% 

3 1/49 
17/50 

td,e) 811/1,901 (42.7%) 
10.43% 

33/49 
11/50 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Includes 72 chromophobe adenomas 
(e) Includes 4 chromophobe carcinomas and 10 adenocarcinomas, NOS 
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TABLE B4e. HISTORICAL INCIDENCE O F  MAMMARY GLAND TUMORS IN FEMALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study Incidence of Fibroadenomas in Vehicle Controls 

Historical Incidence at EGIG Mason Research Institute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
1,2-Dichloropropane 
Chlorodibromomethane 
n-Butyl chloride 
Bromodichloromethane 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

18/50 
17/50 
15/50 
18/50 
16/50 
20150 

104/300 (34.7%) 
3.50% 

20/50 
15/50 

(d) 558/1,950 (28.6%) 
9.09% 

26/50 
7/50 

(a) Data as of April 29,1987, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Includes six adenomas, NOS, one papillary adenoma, five cystadenomas, and one papillary cystadenoma 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Intestine large 

Parasite 
Cecum, inflammation, acute 
Colon, fibrosis 
Coion, necrosis 

Lymphoid nodule, mineralization 

Basophilic focus 
Clear cell focus 
cys t  
Eosinophilic focus 
Fatty change, diffuse 
Fatty change, focal 
Hepatodiaphragmatic nodule 
Hyperplasia, diffuse 
Hyperplasia, focal 
Hyperplasia, multifocal 
Inflammation, chronic active 
Mixed cell focus 
N e c r o s i s 
Bile duct, hyperplasia 

Artery, necrosis, fibrinoid 
Fat, inflammation, chronic active 
Fat, necrosis 

Acinus, atrophy 
Acinus, hyperplasia 
Artery, inflammation, chronic active 
Artery, necrosis, fibrinoid 
Artery, pigmentation 

Inflammation, chronic active 
Acinus, hyperplasia 
Duct, ectasia 
Duct, inflammation, chronic active 
Duct, metaplasia, squamous 

Forestomach, acanthosis 
Forestomach, hyperkeratosis 
Forestomach, inflammation, chronic actii 
Forestomach, ulcer 
Glandular, abscess 
Glandular, hyperplasia, lymphoid 
Glandular, inflammation, chronic active 
Glandular, necrosis 

Intestine small 

Liver 

Mesentery 

Pancreas 

Salivary glands 

Stomach 

(50) 
28 (56%) 

8 (16%) 
11 (22%) 
3 (6%) 

1 (2%) 
9 118%) 
8 (16%) 

11 (22%) 
17 (34%) 
(4) 

4 (100%) 
(48) 

12 (25%) 
3 (6%) 

(49) 

(50) 
6 (12%) 
7 (14%) 

re 3 (6%) 
2 (4%) 

(18) 
1 (6%) 

1 (6%) 

1 (6%) 

15 (31%) 

2 (4%) 
2 (4%) 

13 (27%) 
26 (53%) 
2 (4%) 

(16) 

(49) 

1 (2%) 
2 (4%) 
8 (16%) 

25 (51%) 
3 (6%) 

10 (20%) 
(3) 

1 (33%) 
1 (33%) 
2 (67%) 

7 (14%) 
2 (4%) 
1 (2%) 
2 (4%) 
1 (2%) 

(49) 

(49) 

1 (2%) 
9 (18%) 

10 (20%) 

7 (27%) 
8 (31%) 
3 (12%) 
4 (15%) 
1 (4%) 

(26) 

1 (4%) 
1 (4%) 

(49) 
7 (14%) 
1 (2%) 

(49) 

(50) 
13 (26%) 
1 (2%) 

2 (4%) 
20 (40%) 
26 (52%) 
2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 

27 (54%) 
28 (56%) 
2 (4%) 
4 (8%) 

(3) 

3 (100%) 

3 (6%) 
3 (6%) 

(50) 

(50) 
3 (6%) 
1 (2%) 
8 (16%) 

15 (30%) 
16 (32%) 

4 (8%) 
4 (8%) 
2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

CARDIOVASCULAR SYSTEM 
Heart 

Cardiomyopathy 
(50) (161 (50) 

34 (68%) 12 (75%) 22 (44%) 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY O F  TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland (50) (18) (50) 

Necrosis 1 (2%) 2 (11%) 
Cortex, hyperplasia 1 (2%) 3 (6%) 
Medulla, hyperplasia 4 (8%) 3 (17%) 7 (14%) 

Isleta, pancreatic (48) (49) (50) 

Parathyroid gland (21) (16) (20) 

Pituitary gland (48) (46 ) (48) 

Ectopic tissue 1 (2%) 

Hyperplasia 1 (6%) 

Pars distalis, angiectasis 27 (56%) 11 (24%) 9 (19%) 
Pars distalis, cyst 6 (13%) 8 (17%) 2 (4%) 

Pars intermedia. cyst 1 (2%) 
Pars intermedia, hyperplasia 2 (4%) 1 (2%) 

N e c r o s i s 1 (2%) 
C-cell, hyperplasia 9 (18%) 7 (15%) 3 (6%) 
Follicular cell, cyst 1 (2%) 

Pars distalis, hyperplasia 9 (19%) 15 (33%) 7 (15%) 

Thyroid gland (50) (47) (49) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Inflammation, chronic active 
Necrosis 

Ovary 
cyst  
Inflammation, chronic active 
Mineralization 
Necrosis 
Interstitium, hyperplasia 

Angiectasis 
Decidual reaction 
Hemorrhage 
Inflammation, chronic active 
Mineralization 
Necrosis 

Uterus 

(34) 
2 (6%) 
2 (6%) 

5 (10%) 
2 (4%) 
1 (2%) 

(50) 

1 (2%) 

1 (2%) 
(49) 

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

(9) (39) 
1 (11%) 2 (5%) 

3 (8%) 

2 (10%) 3 (6%) 
(20) (50) 

1 (5%) 

1 (2%) 
2 (4%) 

HEMATOPOIETIC SYSTEM 

Lumbar, pigmentation 
Mandibular, hematopoietic cell proliferation 
Mandibular, infiltration cellular, plasma cell 
Mandibular, pigmentation 
Mediastinal, congestion 
Mediastinal, infiltration cellular, mast cell 
Mediastinal, pigmentation 
Mesenteric, depletion lymphoid 
Mesenteric, infiltration cellular, mast cell 
Mesenteric, pigmentation 
Pancreatic, infiltration cellular, mast cell 
Pancreatic, infiltration cellular, plasma cell 
Pancreatic, pigmentation 

Lymph node (50) (47) (49) 
1 (2%) 

1 (2%) 
'1 (2%) 3 (6%) 

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

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

1 (2%) 

2 (4%) 2 (4%) 6 (12%) 

2 (4%) 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY O F  TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
Spleen 

Depletion lymphoid 
Hematopoietic cell proliferation 
Hemorrhage 
Necrosis 
Pigmentation 

Infiltration cellular, lymphocytic 
Epithelial cell, hyperplasia 

Thymus 

(49) (28) (50) 
1 (2%)  2 (7%) 2 (4%) 

35 (71%) 17 (61%) 39 (78%) 
1 (2%) 
1 (2%) 1 (4%) 
7 (14%) 6 (21%) 29 (58%) 

(48) (14) (48) 
1 (7%) I (2%) 

1 (2%) 

INTEGUMENTARY SYSTEM 
Mammary gland 

Galactocele 
Necrosis 

Skin 
Hyperkeratosis 
Inflammation, chronic active 

(44) (42) (39) 

(50) (46) (50) 

25 (57%) 4 (10%) 1 (3%) 
1 (2%) 

1 (2%) 
1 (2%)  

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
Brain (50) (17) 

Brain stem, hemorrhage 2 (4%) 
Cerebellum, hemorrhage 2 (4%) 
Cerebellum, inflammation, chronic active 

(50) 

RESPIRATORY SYSTEM 
Lung (50) 

Infiltration cellular, histiocytic 11 (22%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic active 4 (8%) 
Inflammation, granulomatous 
Alveolar epithelium, hyperplasia 1 (2%) 
Bronchus, metaplasia, squamous 

Hemorrhage 
Inflammation, chronic active 
Metaplasia, squamous 
Nasolacrimal duct, inflammation, chronic active 1 (2%) 

Inflammation, acute 
Inflammation, chronic active 

Nose (48) 

Trachea (50) 

(32) 
8 (25%) 

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

(12) 
1 (8%) 
2 (17%) 

(47) 

(50) 
16 (32%) 

4 (8%) 
1 (2%) 

1 (2%) 
(46) 

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

2 (4%) 
3 (6%) 

(50) 

SPECIAL SENSES SYSTEM 
Eye 

Inflammation, acute 
Synechia 
Lens, cataract 
Lens, inflammation, acute 
Lens, synechia 

Abscess 
Duct, metaplasia, squamous 

Harderian gland 

:3 1 (4 )  
1 (25%) 
1 (25%) 
2 (50%) 
t (25%) 

2 (67%) 

2 (67%) 
(4) 

3 (75%) 
1 (25%) 
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TABLE 65. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

URINARY SYSTEM 
Kidney 

cyst 
Necrosis 
Nephropathy 
Transitional epithelium, hyperplasia 
Transitional epithelium, metaplasia, osseous 
Transitional epithelium, mineralization 

Urinary bladder 
Hemorrhage 
Inflammation, chronic active 
Mineralization 
Necrosis 
Transitional epithelium, hyperplasia 

(50) (50) 
1 (2%) 

40 (80%) 41 (82%) 
2 (4%) 

(45) (14) 
1 (2%) 
2 (4%) 

1 (2%) 
2 (14%) 

1 (7%) 

(50) 
1 (2%) 
2 (4%) 

46 (92%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(46) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Gallbladder (46) 

Intestine small (50) 
Hepatocholangiocarcinoma, metastatic 1 
Polyp adenomatous 1 

Liver (50) 
Hemangioma 1 
Hemangiosarcoma 
Hemangiosarcoma, multiple 1 
Hepatocellular carcinoma 5 
Hepatocellular carcinoma, multiple 2 
Hepatocellular adenoma to  
Hepatocellular adenoma, multiple 1 
Hepatocholangiocarcinoma 1 
Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic 
Lymphoma malignant 
Lymphoma malignant mixed 1 
Osteo'sarcoma, metastatic 

Pancreas (49) 
Lymphoma malignant undifferentiated cell type 1 

Stomach (50) 
Forestomach, papilloma squamous 

Lymphoma malignant lymphocytic 

(2%) 
(2%) 

(2%) 

(2%) 
(10%) 
(4%) 
(20%) 
(2%) 
(2%) 
(2%) 

6 (12%) 
2 (4%) 
9 (18%) 
2 (4%) 

(49) 

2 (4%) 
6 (12%) 

8 (16%) 

2 (4%) 
1 (2%) 

(2%) 

(2%) 
(48) 

(49) 

CARDIOVASCULAR SYSTEM 
None 

ENDOCRINE SYSTEM 
Adrenal gland (49) *(50) (49) 

Lymphoma malignant lymphocytic 1 (2%) 
Osteosarcoma, metastatic 1 (2%) 
Capsule, adenoma 1 (2%) 1 (2%) 1 (2%) 
Medulla, pheochromocytoma benign 1 (2%) 

Follicular cell, adenoma 1 (2%) 
Thyroid gland (48) *(SO) (46) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
None 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Lymph node 
Lymphoma malignant mixed 

Axillary, lymphoma malignant histiocytic 1 (2%) 
Axillary, lymphoma malignant undifferentiated 

cell type 1 (2%) 
Inguinal, lymphoma malignant histiocytic 1 (2%) 
Inguinal, lymphoma malignant mixed 1 (2%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

~~ ~ 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Lymph node (Continued) (47) 

Lumbar, lymphoma malignant histiocytic 1 (2%) 
Lumbar, lymphoma malignant lymphocytic 1 (2%) 
Mandibular, lymphoma malignant histiocytic 1 (2%) 
Mandibular, lymphoma malignant mixed 1 (2%) 
Mandibular, lymphoma malignant 

undifferentiated cell type 1 (2%) 
Mediastinal, hepatocholangiocarcinoma, 

metastatic 1 (2%) 
Mediastinal, lymphoma malignant histiocytic 1 (2%) 
Mediastinal, lymphoma malignant lymphocytic 1 (2%) 
Mediastinal, lymphoma malignant 

undifferentiated cell type 1 (2%) 
Mesenteric, lymphoma malignant histiocytic 1 (2%) 
Mesenteric, lymphoma malignant lymphocytic 1 (2%) 
Mesenteric, lymphoma malignant 

undifferentiated cell type 3 (6%) 
Pancreatic, lymphoma malignant lymphocytic 
Renal, lymphoma malignant lymphocytic 
Renal, lymphoma malignant mixed 1 (2%) 
Thoracic, lymphoma malignant histiocytic 1 (2%) 

Hemangioma 1 (2%) 
Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 1 (2%) 
Lymphoma malignant undifferentiated cell type 2 (4%) 

Lymphoma malignant lymphocytic 

Lymphoma malignant undifferentiated cell type 1 (3%) 

Spleen (50) 

Thymus (35) 

Lymphoma malignant mixed 1 (3%) 

'(50) 

'(50) 

143 1 

1 (2%) 

1 (2%) 

1 (2%) 

2 (6%) 

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

t.49, 

2 14%) 

1 (2%) 

1 (3%) 
(30) 

INTEGUMENTARY SYSTEM 
Mammary gland 

Adenoma 
Skin 

Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemangioma 
Subcutaneous tissue, neurofibrosarcoma 
Subcutaneous tissue, sarcoma 

( 1 )  '(50) 

(48 ) '(50) 
1 (100%) 

3 (6%) 5 (10%) 
2 (4%) 7 (14%) 
1 (2%) 
1 (2%) 1 (2%) 

I (2%) 

(49) 
2 (4%) 
4 (8%) 

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
None 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

RESPIRATORY SYSTEM 
Lung (50) 

Alveolar/bronchiolar adenoma 10 (20%) 
Alveolar/bronchiolar carcinoma 1 (2%) 
Alveolar/bronchiolar carcinoma, multiple 
Fibrosarcoma, metastatic, skin 
Hepatocellular carcinoma, metastatic 2 (4%) 
Hepatocholangiocarcinoma, metastatic 1 (2%) 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 1 (2%) 
Osteosarcoma, metastatic 

(50) (49) 
5 (10%) 2 (4%) 
2 (4%) 
1 (2%) 
1 (2%) 
3 (6%) 2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 
*(50) "(50) "(50)  

2 (4%) 1 I2%) 1 (2%) 

URINARY SYSTEM 
Kidney (50) "(50) 

Hepatocholangiocarcinoma, metastatic 1 (2%) 

Lymphoma malignant mixed 1 (2%) 
Lymphoma malignant lymphocytic 

Lymphoma malignant undifferentiated cell type 1 (2%) 

(49) 

1 (2%) 

SYSTEMIC LESIONS 
Multiple organs 

Hemangioma 
Lymphoma malignant histiocytic 
Lymphoma malignant undifferentiated cell 

Lymphoma malignant mixed 
Hemangiosarcoma 
Lymphoma malignant lymphocytic 
Lymphoma malignant 

Multiple organs 

*(SO) 
3 (6%) 
1 (2%) 
3 (6%) 

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

Y50) 

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

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 
Natural death 
Terminal sacrifice 
Moribund sacrifice 

50 
4 

41 
5 

50 
7 

37 
6 

50 
10 
36 
4 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 
Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

34 
52 
25 
33 
17 
19 
3 
6 

33 
49 
24 
28 
20 
21 
5 
7 

27 
32 
13 
15 
15 
17 
2 
2 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF TRIBROMOMETHANE: VEHICLE CONTROL 

STUDY 

CARCASS 
ID 

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
6 7 8 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 8 4 0 2 9 0 2 3 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6  

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0  
1 8 3 0 2 2 7 5 5 1 3 4 5 6 8 9 9 9 0 1 4 6 7 0 1  
1 3 5 2 3 1 2 4 5 4 3 3 1 1 2 1 2 5 3 2 4 5 5 1 3  

a&$Xr 
Intestine large 
Intestine small 

Liver 

He atocholangocarcinoma, metastatic 
P o g p  adenomatous 

HemanPoma 
Hemang~osarcoma, multiple 
Hepatocellular carcinoma 
Hepatocellular carnnoma. multiple 
Hepatocellular adenoma 
Hepatocellular adenoma. multiple 
Hepatoeholanpocarcinoma 
Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

Lym homa malignant undifferentiated 

Mesentery 
Pancreas 

g;;5ag glands 

Heart 

Adrenal gland 

Islets, pancreatic 
Parathyroid gland 
Pituitary land 
Thyroid gkand 

celftype 

Capsule adenoma 
Medull:, pheochromocytoma benign 

None 

Epididymis 
Preputial gland 
Prustata 
Semina1 vesicle 
Testes 

+ 
M + + 

+ + M + + + + + M M + + + + + + + + + + + + + +  
+ M + + + + + A + + + + + + + + + + t + + + + +  . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

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

x x x  
X I x  x x x  X x x  

X + 
+ + M + + + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + t + + + + + + + + t + + + + + t + + + +  

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

] + + + + + + + + t M + + + + + + + + + + + + + + +  

+ + M + + + + + + + t + + + + + + + + + + + + + +  
M M + M + M + + + M + M M + + M + + M M M M + M M  
+ + + + + + M M + + M + + + + + + + + + + + + + +  
M + + + + + + + + + + + + + + + + + + + + + + + +  

- M M + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + M + + + + + + + + M  
+ + + + + + + + + + + + + + + M + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + +  + 

+: Tissue examined microscopically 

-. Present but not examined microscopically 
: Notexamined 

I InsuEnent tissue 
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M: Misnng 
A: Autolysis precludes examination 
X Incidence of listed morphology 
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WEEKS ON 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  
STUDY 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  

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 __., 

Em ha s 
G a f i i a E e r  
Intestine large 
Intestine small 

Liver 

Hepatocholangioearcinoma, metastatic 
Polyp adenomatnus 

Hemangioma 
Hemangiosamma, multiple 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Hepatocholangiocarcinoma 
Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

Lym homa malignant undifferentiated 

Mesentery 
Pancreas 

&;3;~ glands 
celPtype 

CARCASS 
ID 1 :  : : : : k: 9 ! : : y i 

5 2 1 2 4 4 5 1 2 5 2 3 2 3 4 1 3 4 1 4 5 3 4 4 5  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + M + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

LAR SYSTEM 
Hsart 

I V I A I . :  
TISSUES 
TUMORS 

46 
46 
50 
50 

? 

Adrenal gland 

Islets, pancreatic 
Parathyroid gland 
Pituitary land 
Thyroid gkand 

Capsule, adenoma 
Medulla, pheochromocytoma benign 

L BO- 

M 
None 

Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

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

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

M M + M M M M M + + + + + + M + M + + + + + M M +  
+ + M + + + + + + + + + + + + + + + + + M + + + +  

X 

+ + + + + + M +  + +  + + + t +  + + +  t + + + +  + +  

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

50 

49 
1 
1 

49 
25 
45 
48 

X 

. . . . . . . . . . . . . . . . . . . .  + + + + +  + t 
+ M + + + +  + + + + + + + + + +  + t t +  + + + + M  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + t t + + + + T + +  

x x x  

X 

47 
+ 7  

46 
49 
50 

X 
X 

X 
X 

+ 
. . . . . . . . . . . . . . . . . . . . . . . . .  

5; I 
1 
1 
5 
2 

10 
1 
1 
1 
1 
2 

49 

X 1 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  E 1 
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TABLE ca. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

STUDY 

CARCASS 
ID 

0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
6 7 8 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 8 4 0 2 9 0 2 3 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6  

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0  
1 6 3 0 2 2 7 5 5 1 3 4 5 6 8 9 9 9 0 1 4 6 7 0 1  
1 3 5 2 3 1 2 4 5 4 3 3 1 1 2 1 2 5 3 2 4 5 5 1 3  

Bone marrow 

Lymph node 
Lymphoma malignant mixed 

Axillary. lymphoma malignant 

M l l a  , lymphoma malignant 

Inguinal, lymphoma malignant 

Inguina lymphoma malignant mired 
Lumbar, lymphoma malignant histiocytic 
Lumbar, lym homa malignant lymphocytic 
Mandibular, tmphoma malignant 

histiocytic 
Mandibular, lymphoma malignant mixed 
Mandibular, lym homa malignant 

undiffe,rentiatA n i l  t pe 
Mediastinal, hepatocho~angiocarcinoma, 

metastatic 
Mediastinal, lymphoma malignant 

histiocytic 
Mediastinal, lymphoma malignant 

lymphocytic 
Mediastinal lym homa malignant 

undi~erentiateSeei1 type 
Mesenteric, lymphoma malignant 

histiocytic 
Mesenteric, lymphoma malignant 

lymphmytic 
Mesenteric, lymphoma malignant 

und8erentiated cell type 
Renal, lymphoma malignant mixed 
Thoracic. lymphoma malignant 

histiocytic 

Hemangioma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mix+ 
Lym homa malignant undifferentiated 

Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

histiocytic 

undi8rentiated cell type 

h i s t i o c p  

Splean 

celftype 

celftype 

Thymua 

Mammary gland 

Skin 
Adenoma 

Subcutaneous tissue. fibroma 
Subcutaneous tissue, f ibmaamma 
Subcutaneous tissue. heman 'oms 
Sutmtaneous tissue, neumfitmsarcoma 

Bone 

Brain 

Lung 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Hepatocellular carcinoma metastatic 
Hepatocholangiocarcino&a, metastatic 
Lymphoma malignant mixed 

NOSE 
Trachea 

Harderian gland 
Adenoma 

Kidney 
Hepatocholangiofarcinoma, metastatic 
Lymphoma malignant mixed 
Lym homa malignant undiflenntiated 

celftype 
Urinary bladdar 

+ + + +  
+ + M +  

+ + + +  
X 

+ M + M  

+ 
+ 

+ + +  
+ + +  

+ + +  

+ + +  

+ + + +  
+ M + +  

+ + + +  

+ M M +  

+ 
+ 

+ + +  
X 

t + +  

X 

+ + +  

X 

+ + +  
X 

+ 
+ 

~ M M M M M M M M M M M M M M M M M Y M M Y M M M M  I 
+ + + + + + + + + M + + + + + + + + M + + + + + +  

X 
X 

X 
X 

~ ~ 

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

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

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

X 
x x  

X 
- + + + + + + + + + M + + + + + + + + + + + + + M  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

M + + + + + + + + + + + + + + + + + + + + + + + +  
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

P 
STUDY 

CARCASS 
ID 

Bone marrow 

Lympfnode 
Lym home malignant mixed 

Axillary, lymphoma malignant 

lymphoma malignant 
Y 2 X r e n t i a t a d  cell type 
Inguinal, lymphoma malignant 

Inguina? lymphoma malignant mixed 
Lumbar.'lvmohoma malie hirticcvtic 

histiocytic 

histioc tic 

Lumbar; lim'homa malig I mphkytic 
Mandibular, fy mphoma makgnant 

histiocytic 

undifferediatef; cell t pe 

metastatic 

histiocytic 

lymphocytic 

undifferenhate~eell type 

histiocytic 

lymphocytic 

undifferentiated cell type 

histiocytic ' 

Mandibular, lymphoma malig mixed 
Mandibular lym homa malignant 

Mediastinal, hepatochofangiocarcinoma 

Mediastinal, lymphoma malignant 

Mediastinal. lymphoma malignant 

Mediastinal lym homa malignant 

Mesenteric. lymphoma malignant 

Mesenteric, lymphoma malignant 

Mesenteric, lymphoma malignant 

Ranal. lymphoma m a l i p a t  mixed 
Thoracic, lymphoma malignant 

SCzang+oma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

ceiftype 

ceif'type 

Thymus 

Uammary gland 

Skin 
Adenoma 

Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, heman 'oma 
Subcutaneous tissue. neumfitrotarcoma 

Bone 

Brain 

Lung 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Hepatocellular carcinoma. metastatic 
Hepatocholangipearcinoma, metastatic 
Lymphoma malignant m u d  

Nose 
Trachea 

Harderian gland 
Adenoma 

Kidney 
Hepatocholangiocarnnoma. metastatic 
Lymphoma Gl ignant  mixed 
Lym homa malignant undifhmntiatrd 

ceiftype 
Urinary bladder 

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  
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  
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  

- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1  
1 2 3 3 3 2 2 4 4 4 5 5 6 6 6 7 1 7 8 8 8 9 9 0 0  
5 2 1 2 4 4 5 1 2 5 2 3 2 3 4 1 3 4 1 4 5 3 4 4 5  

~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + + + M  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

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

X 
+ U U + U U + U + + U + + + + M + M + + + + + + +  

U U U M U + U U M M M M U M U M U M U M U M U M M  
+ + + + + + + + + + + + + + + + + + + + + + + + +  X 

x x  
X 

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

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

+ + +  
X 

+ + + + + + + + + + 
X 

+ + + + + + 
X 

+ + 
X 

+ + + +  
X 

X 

+ + + + + + + M + + + + + + + + + + + + + + M + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ +  
x x  

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

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

-- 

l'OTAL 
ISSUES 
UMORS 

50 
1 

47 

1 

1 

1 
1 
1 
1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

3 
1 

1 
50 
1 
1 
1 
1 

2 
35 

1 

1 - 
1 
1 

48 
3 
2 
1 
1 

50 

50 

50 
10 
1 
2 
1 
1 

45 
50 

2 
2 

50 
1 
1 

1 
48 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF TRIBROMOMETHANE: LOW DOSE 

rn 
STUDY 

CARCASS 
ID 

Intestine large 
Intestine small 
Liver 

Hemangioma 
Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Osteosarcoma. metastatic 

MeSEntEry 
Pancreas 
Saliva glands 
S tomax 

Forestomach, papilloma squamous 

Heart 

Adrenal gland 

Islets, pancreatic 
Parathyroid gland 
Pituitary land 
Thyroid gkand 

M 
Osteosarcoma, metastatic 
Capsule. adenoma 

None 

Epididymis 
Preputial gland 
Prostat0 
Seminal vesicle 
Testas 

4T- 
Blood 
Bone marrow 
Lymph node 
S lean 
T%ymus 

Mammary gland 
S h n  

Subcutaneous tissue, fibroma 
Subcutaneous tusua. f ibmanoma 
Subcutaneous tissue. neumfibrosarcoma 
Subcutaneous tissue. semm 

Bone 

Brain 

Lung 
m 

Alveolarhmnchiolar adenoma 
Alveolar/bronchiolar camnoma 
Alveolar/bronchiolar camnoma. 

Fibrosarcoma. metastatic, skm 
Hepatocellular camnoma. metastatic 
Osteosarcoma. metastatac 

multiple 

NOSE 
Trachea 

Harderian gland 
Menoma 

Kidney 
Urinary bladder 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1  
2 5 7 7 8 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0  
4 7 3 6 6 0 4 6 6 7 7 9 9 5 5 5 5 5 5 5 5 5 5 5 5  

1 1 1 1 1 1 1 2 2 1 1 2 1 1 ~ 1 1 1 1 1 l ~ ~ ~ l  
6 8 5 3 2 2 2 0 0 3 6 0 7 1 1 1 1 1 2 2 3 3 3 4 4  
2 4 1 4 1 3 2 1 2 1 3 3 4 1 2 3 4 5 4 5 2 3 5 1 2  

+ + + + + M  + +  
+ + A + + +  + + + + + + +  
+ + A + + +  + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  
X x x  X 

X 
X x x  

X 

X + + + + + + +  + +  + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

+ + + + + +  

+ +  + + +  + + 
X 

X 

+ + + + + +  + +  
+ M M + + +  

+ +  + + +  + + 
X 

X 

+ + + + + +  + +  
+ M M + + +  + + + + + +  + + + + + +  

+ 

+ 

- -  + + + + +  
+ + + + + +  + + + + + +  + + + + + + + +  

+ + + +  

+ 

+ 
+ 

+ + + + + +  
+ + + + + M  + M +  + +  + + + + + + +  + + + +  + +  + 
M + + + M +  + +  

+ + +  + 
X X x x x  

+ +  

+ + + + + + +  + + + + + + + + + + + + + + + + +  

+ + + + + +  

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

X X 

x x  
X 

X 
X 

- -  + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + 
X 

+ + + + + + +  + + + + + +  + 
+ + + + + + A  + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine small
Liver

Hemangioma
He mangiosarcoma
Hepatocellular carcinoma
Hepatocellular carcinoma, multiple
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Osteosarcoma, metastatic

Mesentery
Pancreas
Salivary glands
Stomach

Forestomach, papilloma squamous

CARDIOVASCULAR SYSTEM
Heart

ENUOCKiNk SYSTEM
Adrenal gland

Osteosarcoma, metastatic
Capsule, adenoma

Islets, pancreatic
Parathyroid gland
Pituitary gland
Thyroid gland

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis
Preputial gland
Prostate
Seminal vesicle
Testes

HEMATOPOIETIU SYSTEM
Blood
Bone marrow
Lymph node
Spleen
Tnymus

INTEGUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, neurofibrosarcoma
Subcutaneous tissue, sarcoma

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Alveolar/bronchiolar carcinoma,

multiple
Fibrosarcoma, metastatic, skin
Hepatocellular carcinoma, metastatic
Osteosarcoma, metastatic

Nose
Trachea

SPECIAL SENSES SYSTEM
Hardenan gland

Adenoma

URINARY SYSTEM
Kidney
Unnary bladder

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
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
5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6

4 4 4 5 5 5 5 6 6 6 7 7 7 7 8 8 8 8 9 0 0 9 9 9 9
3 4 5 2 3 4 5 1 4 5 1 2 3 5 1 2 3 5 1 4 5 2 3 4 5

H. + + + +

X

X
X

X X X X X
X X

X X

+

M

+
+ + + + 4-

+ +
+

+
+ + 4- + + +

+ + + +

X X X
X X X X

X
X

X X

X

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

+ + + + + +

TOTAL.
TISSUES
TUMORS

13
6
7
6

50
1
1
6
2
9
2
1
1
9
8

50
4

6

9
1
1
9
4
6
6

7
9
6

10
9

1
6

15
18
6

23
5
7
1
1

49

6

50
5
2

1
1
3
1
4

50

2
1

20
7
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF TRIBROMOMETHANE: HIGH DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder

Lymphoma malignant lymphocytic
Intestine large
Intestine small
Liver

Hemangiosarcoma, multiple
Hepatocellular carcinoma
Hepatocellular adenoma
Lymphoma malignant lymphocytic
Lymphoma malignant

Pancreas
Salivary glands
Stomach
Tooth

CARDIOVASCULAR SYSTEM
Heart

ENDOCRINE SYSTEM
Adrenal gland

Lymphoma malignant lymphocytic
Capsule, adenoma

Islets, pancreatic
Parathyroid gland
Pituitary gland
Thyroid gUnd

Folhcularcell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis
Preputial gland
Prostate
Seminal vesicle
Testes

HEMATOPOIETIC SYSTEM
Bone marrow
Lymph node

Lumbar, lymphoma malignant lymphocytic
Mandibular, lymphoma malignant

undifferentiated cell type
Mediastinal, lymphoma malignant

lymphocytic
Mesentenc, lymphoma malignant

lymphocytic
MeMntanc, lymphoma malignant

undifierentiated cell type
Pancreatic, lymphoma malignant

lymphocytic
Renal, lymphoma malignant lymphocytic

Spleen
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type
Thymus

Lymphoma malignant lymphocytic

INTEGUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Hepatocellular carcinoma, metastatic
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic

Nose
Trachea

SPECIAL SENSES SYSTEM
Hardenan gland

Adenoma

URINARY SYSTEM
Kidney

Lymphoma malignant lymphocytic
Unnary bladder

0 0 0 0 0 0 0
6 6 7 7 7 8 8
3 9 3 6 6 1 2

2 2 2 2 2 3 2
9 9 9 7 9 0 2
1 2 3 3 5 5 5

+ M M M + M M

+ + + + + + +•

X X

X

+ 4- + +• -f + +

+ + + + + + +
+ M M + +• +• +

+ +• + M +• +• +

0 0
8 9
9 1

2 3
3 0
3 4

M M

A M
A M

X

X
+ M
+ M

+ +

+ M
+ M
+ M
+ M

o o o o o i
9 9 9 9 9 0
1 3 5 5 7 5

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

M + M A M +

M + + + + +
X X

X X

M + + + + +
M + + + + +

M + + + + +

M + + + + +
M + M M + +
M M * + M +•
M + + + + +

1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5

1 2 2 3 4 5 7 8 8 0
1 2 4 1 1 3 2 1 2 2

+ + + + + + + M M +
X

+ + + + + + + + + +

X X
X

- t - 4 - + + -t- + + + + 'f'
+ + + + + + + + + +

+ + + + M + + + + +

X

+ + + + + + + + + +
M M + + M + M + -H +
+ + M + + + > + + +

+ _ + + +. + +.
+ +

+ + + + M +• M
X

X

+ + 4- + +• 4- +
X

M +• M M M M M

M M M M M M M
4v 4- 4- + 4- 4- 4-

X

H. + H- + H. + +

+ + + + + + +
X

X
— — + 4- + -1- "t-+ + + + + + +

+ M

M M

+ M

4* 41

M M

M M

+ +

X

+ M
+ +

+ + + + + *

M + + + M +

M + + + + +
M + + + M v

M M M M M +

M M M M M M

X

X

M + + + + +
M -f + + + -f

+ + + + + + + + + +
+ + + +

+ + + + + + + + + +

M + + + + + + M + +

X

X

X
X

X

M + + M + M + + + M
X

M M M M M M M M M M

X

+ 4- + + + + + + + +
+ + + + + + + + + +

+

X
A M M + + + + + + + + + + + + + + +
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder

Lymphoma malignant lymphocytic
Intestine large
Intestine small
Liver

Hemangiosarcoma, multiple
Hepatocellular carcinoma
Hepatocellular adenoma
Lymphoma malignant lymphocytic
Lymphoma malignant

Pancreas
Salivary glands
Stomach
Tooth

CARDIOVASCULAR SYSTEM
Heart

ENDOCRINE SYSTEM
Adrenal gland

Lymphoma malignant lymphocytic
Capsule, adenoma

Islets, pancreatic
Parathyroid gland
Pituitary gland
Thyroid gland

FollicularceU, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis
Preputial gland
Prostate
Seminal vesicle
Tastes

HEMATOFOIETIC SYSTEM
Bone marrow
Lymph node

Lumbar, lymphoma mahg lymphocytic
Mandibular, lymphoma malignant

undifferentiated ceil type
Mediastmai, lymphoma malignant

lymphocytic
Mesentenc, lymphoma malignant

lymphocytic
Mesentenc, lymphoma malignant

undifferentiated cell type
Pancreatic, lymphoma malignant

lymphocytic
Renal, lymphoma mahg lymphocytic

Spleen
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

celftype
Thymus

Lymphoma malignant lymphocytic

INTEGUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Hepatocellular carcinoma, metastatic
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic

Nose
Trachea

SPECIAL SENSES SYSTEM
Hardenaa gland

Adenoma

URINARY SYSTEM
Kidney

Lymphoma malignant lymphocytic
Unnary bladder

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
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

2 Z 2 Z 2 Z 2 2 2 Z 2 2 2 2 2 2 Z 2 2 Z 2 2 Z 2 3
1 1 1 1 2 2 3 3 3 4 4 4 4 5 5 5 5 6 7 7 7 8 8 9 0
2 3 4 5 1 3 2 4 5 2 3 4 5 1 2 4 5 4 1 4 5 3 5 4 3

X X
X X X X X

+

X

M + + t- + M M M + M + + + + + - t - M M M M M M M M M

X

+ + + -t-

X

X

X

M M M M M M M M M M M M M M M M M M M M M M M M M

X
X X

X X

- 4 - + - + + + 4- + + -f + -t- + + + + + - f - r - + + + + + + +

+ t - t - + + 4 - - r ^ + + + H- + + + + + + + + 4 . t + + +

+ +
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

TOTAL-
TISSUES
TUMORS

47
30
1

48
46
49
2
6
8
2
1

48
48
49
1

48

49
1
1

48
26
40
46
1

47
10
45
48
48

48
43
1

1

1

2

1

1
1

49
2

1
30
1

49
2
4

49

48

49
2
2
1
1

46
49

3
1

49
1

47
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
TRIBROMOMETHANE 

Vehicle Control 50 mg/kg 100 mg/kg 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

11/50 (22%) 
24.6% 
8/41 (20%) 
455 
P = 0.383N 
P=0.283N 
P= 0.282N 

7/50 (14%) 
15.4% 
3/41 (7%) 
642 
P = 0.552N 
P=0.423N 
P = 0.459N 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 16/50 (32%) 
Adjusted Rates (b) 33.8% 
Terminal Rates (c) 10/41(24%) 

Life Table Tests (d) P = 0.527 
Logistic Regression Tests (d) P=0.370N 
Cochran-Armitage Trend Test (d) P= 0.401N 
Fisher Exact Test (d) 

Day of First Observation 455 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 10/50 (20%) 
Adjusted Rates (b) 24.4% 
Terminal Rates (c) 10/41(24%) 
Day of First Observation 730 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.016N 
P =0.016N 
P = 0.010N 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a)  1/50 (2%) 
Adjusted Rates (b) 2.4% 
Terminal Rates (c) 1/41 (2%) 
Day of First Observation 730 
Life Table Tests (d) P = 0.412N 
Logistic Regression Tests (d) P=0.361N 
Cochran-Armitage Trend Test (d) P=0.384N 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 11/50 (22%) 
Adjusted Rates (b) 26.8% 
Terminal Rates (c) 11/41 (27%) 
Day of First Observation 730 
Life Table Tests (d) P= 0.012N 
Logistic Regression Tests (d) P= 0.009N 
Cochran-Armitage Trend Test (d) P=0.007N 
Fisher Exact Test (d) 

11/50 (22%) 
26.8% 
8/37 (22%) 
393 
P=0.500 
P= 0.561N 

P=0.595N 

8/50(16%) 
19.3% 
5/37 (14%) 
602 
P=0.421 
P= 0.507 

P = 0.500 

19/50 (38%) 
43.5% 
13/37 (35%) 
393 
P = 0.247 
P=0.375 

P= 0.338 

5/50 (10%) 
12.7% 
4/37(11%) 
602 
P=0.178N 
P=0.161N 

P= 0.131N 

3/50 (6%) 
7.4% 
2/37 (5%) 
507 
P=0.278 
P = 0.334 

P=0.309 

7/50 (14%) 
17.2% 
5/37 (14%) 
507 
P=0.288N 
P=0.236N 

P= 0.218N 

8/49 (16%) 
21.4% 
7/36 (19%) 
632 
P = 0.419N 
P=0.333N 

P=0.323N 

6/49 ( 12% ) 
14.4% 
2/36 (6%) 
509 
P=0.603N 
P = 0.425N 

P= 0.516N 

14/49 (29%) 
33.6% 
9/36 (25%) 
509 
P=0.575N 
P =0.376N 

P =0.440N 

2/49 (4%) 
5.6% 
2/36 (6%) 
730 
P = 0.026N 
P=0.026N 

P = 0.015N 

0/49 (0%) 
0.0% 
OM6 (0%) 

P = 0.526N 
P =0.526N 

P = 0.505N 

2/49 (4%) 
5.6% 
2/36 (6%) 
730 
P=0.015N 
P=0.015N 

P=0.008N 
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TABLE C3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY O F  
TRIBROMOMETHANE (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 
7.3% 
3/41 (7%) 
730 
P = 0.495N 
P = 0.499N 
P= 0.421N 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 4.8% 
Terminal Rates fc) 1/41 (2%) 
Day of First Observation 721 
Life Table Tests (d) P=0.233 
Logistic Regression Tests (d) P = 0.297 
Cochran-Armitage Trend Test (d) P = 0.297 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 5/50 (10%) 

Terminal Rates (c) 4/41 (10%) 
Day of First Observation 721 
Life Table Tests (d) P=0.342 
Logistic Regression Tests (d) P=0.406 
Cochran-Armitage Trend Test (d) P=0.442 
Fisher Exact Test (d) 

Adjusted Rates (b) 11.9% 

Subcutaneous Tissue: Sarcoma or Fibrosarcoma 
Overall Rates (a) 2/50 (4%) 

Terminal Rates (c) 1/41 (2%) 
Day of First Observation 721 
Life Table Tests (d) P = 0.236 

Cochran-Armitage Trend Test (d) P = 0.303 
Fisher Exact Test (d) 

Adjusted Rates (b) 4.8% 

Logistic Regression Tests (d) P=O.298 

Subcutaneous Tissue: Fibroma, Sarcoma, or Fibrosarcoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 11.9% 
Terminal Rates (e) 4/41 (10%) 
Day of First Observation 721 
Life Table Tests (d) P=0.341 
Logistic Regression Tests (d) P = 0.402 
Cochran-Armitage Trend Test (d) P=0.443 
Fisher Exact Test (d) 

Forestomach: Squamous Papilloma 
Overall Rates (a )  0150 (0%) 

Terminal Rates (c) 0/41(0%) 
Day of First Observation 
Life Table Tests (d) P = 0.579 
Logistic Regression Tests (d) P=0.579 
Cochran-Armitage Trend Test (d) P=0.616 
Fisher Exact Test (d) 

Adjusted Rates (b) 0.0% 

5/50(10%) 
13.1% 
4/37 (11%) 
688 
P = 0.300 
P = 0.309 

P = 0.357 

7/50 (14%) 
17.4% 
4/37(11%) 
673 
P = 0.063 
P = 0.071 

P = 0.080 

9/50 (18%) 
22.5% 
6/37 (16%) 
673 
P = 0.1 46 
P=0.161 

P=0.194 

8/50 (16%) 
19.9% 
5/37 (14%) 
673 
P=0.036 
P = 0.040 

P = 0.046 

10/50 (20%) 
25.0% 
7/37 (19%) 
673 
P=0.095 
P = 0.104 

P = 0.131 

4/50 (8%) 
10.8% 
4/37 (11%) 
730 
P=0.051 
P=0.051 

P=0.059 

2/50 (4%) 
5.6% 
2/36 (6%) 
730 
P=0.559N 
P = 0.559N 

P = 0.500N 

4/50 (8%) 
9.9% 
2/36 (6%) 
526 
P=O.289 
P = 0.382 

P=0.339 

6/50 (12%) 
15.2% 
4/36 (11%) 
526 
P = 0.416 
P = 0.490 

P = 0.500 

4/50 (8%) 
9.9% 
2/36 (6%) 
526 
P=O.289 
P=0.382 

P=0.339 

6/50(12%) 
15.2% 
4/36 (1 1%) 
526 
P = 0.41 6 
P = 0.490 

P = 0.500 

0/49 (0%) 
0.0% 
0/36 (0%) 

(e) 
(e) 

(e) 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
TRIBROMOMETHANE (Continued) 

Vehicle Control SO mg/kg msfltg 

All Sites: Hemangioma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 
6.8% 
1/41 (2%) 
642 
P=0.079N 
P=  0.062N 
P=0.060N 

All Sites: Hemangioma or Hemangiosarcoma 
Overall Rates (a)  4/50 (8%) 

Terminal Rates (c) 2/41 (5%) 
Day of First Observation 642 
Life Table Tests (d) P= 0.31 1N 
Logistic Regression Tests (d) P=0.269N 
Cochran-Armitage Trend Test (d) P=0.252N 
Fisher Exact Test fd) 

Adjusted Rates (b) 9.1% 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a, 6/50 (12%) 
Adjusted Rates (b) 13.4% 
Terminal Rates (c) 4/41 (10%) 
Day of First Observation 544 
Life Table Tests (d) P=0.331N 
Logistic Regression Testa (d) P=0.235N 
Cochran-Armitage Trend Test (d) P=0.274N 
Fisher Exact Test (d) 

(0 1150(2%) 
2.7% 
1/37 (3%) 
730 
P=0.344N 
P=0.306N 

P=0.309N 

(0 2/50(4%) 
5.4% 
2137 (5%) 
730 
P=0.386N 
P=0.352N 

P=0.339N 

(0 0/50(0%) 
0.0% 
0/37 (0%) 

P 30.025N 
P = 0.012N 

P = 0.013N 

0150 (0%) 
0.0% 
0/36 (0%) 

P=0.152N 
P=O. l l lN  

P=0.121N 

2/50 (4%) 
5.3% 
1136 (3%) 
663 
P=0.406N 
P=0.337N 

P=0.339N 

4/50 (8%) 
9.8% 
2/36 (6%) 
565 
P = 0.444N 
P =0.271N 

P=0.370N 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences at the end ofthe study &r adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres- 
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is reported because no tumors were observed in the 100 mg/kg and vehicle control groups. 
(0 Eighteen spleens were examined microscopically. 
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TABLE C4. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in Vehicle Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at EGBG Mason Research Institute 

Diglycidyl resorcinol ether 6/50 
1 ,EDichloropropane 9/50 
Chlorodibromomethane 5/50 
n-Butyl chloride 12/50 
Bromodichloromethane 8/49 
Bis(2-chloro- 1-methy1ethyl)ether 5/50 
n-Butyl chloride 3/50 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

481349 (13.8%) 
6.07% 

12/50 
3/50 

223/1,985(11.2%) 
5.73% 

13/47 
1/50 

0150 
3/50 
6/50 
2/50 
4/49 
1/50 
3/50 

191349 (5.4%) 
3.97% 

6/50 
0150 

11211,985 (5.6%) 
3.83% 

6/50 
0150 

6/50 
11/50 
11/50 
14/50 
12/49 
6/50 
6/50 

661349 (18.9%) 
6.78% 

14/50 
6/50 

32511,985 (16.4%) 
6.44% 

15/47 
2/50 

(a) Data as  of April 29,1987, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Gallbladder 

Intestine large 
Inflammation, chronic active 

Circumanal gland, inflammation, acute 
Lymphoid nodule, hyperplasia 

Hyperplasia, lymphoid 
Duodenum, fibrosis 
Duodenum, hyperplasia 
Duodenum, inflammation, chronic active 
Duodenum, necrosis 
Ileum, epithelium, hyperplasia 
Lymphoid nodule, hyperplasia 
Lymphoid nodule, necrosis 

Basophilic focus 

Fatty change, diffuse 
Fatty change, focal 
Fibrosis 
Hematopoietic cell proliferation 
Hemorrhage 
Infarct 
Mineralization 
Necrosis 
Pigmentation 
Regeneration 
Thrombus 
Bile duct, hyperplasia 

Mesentery 
Abscess 
Fat, necrosis 

Acinus, atrophy 
Acinus, hyperplasia 

Hyperplasia, glandular 
Inflammation, chronic active 
Forestomach, acanthosis 
Forestomach, cyst epithelial inclusion, 

Forestomach, fibrosis 
Forestomach, hyperkeratosis 
Forestomach, inflammation, chronic active 
Forestomach, mineralization 
Forestomach, ulcer 
Glandular, cyst 
Glandular, dysplasia 
Glandular, hyperplasia 
Glandular, inflammation, chronic active 
Glandular, mineralization 

Developmental malformation 

Intestine small 

Liver 

cyst  

Pancreas 

Stomach 

multiple 

Tooth 

(46) 

(50) 
2 (4%) 

2 (4%) 

1 (2%) 
(50) 

1 (2%) 
26 (52%) 

(50) 
2 (4%) 

7 (14%) 

20 (40%) 

1 (2%) 
3 (6%) 

10 (20%) 
1 (2%) 

(2) 

I (50%) 

1 (2%) 
2 (4%) 

1 (2%) 
1 12%) 
4 (8%) 

(49) 

(50) 

1 (2%) 
5 (10%) 
1 (2%) 

2 (4%) 

4 (8%) 
1 (2%) 

(6) 

(7) 
1 (14%) 
1 (14%) 

(6) 

1 (17%) 
1 (17%) 
1 (17%) 
1 (17%) 

(50) 
2 (4%) 
1 (2%) 
1 (2%) 
5 (10%) 

5 (10%) 
1 (2%) 

3 (6%) 
8 (16%) 

1 (2%) 
1 (2%) 

1 (100%) 
(1) 

(9) 

(50) 
1 (2%) 

3 (6%) 

1 (2%) 
5 (10%) 
2 (4%) 
1 (2%) 
2 (4%) 

4 (8%) 
6 (12%) 

(30) 

(48) 
1 (3%) 

5 (10%) 
(46) 

21 (46%) 
1 (2%) 

(49) 

7 (14%) 
1 (2%) 

14 (29%) 
1 (2%) 

3 (6%) 
12 (24%) 

1 (2%) 

(48) 
1 (2%) 
1 (2%) 

(49) 

6 (12%) 

1 (2%) 

7 (14%) 
2 (4%) 

2 (4%) 
1 (2%) 
1 (2%) 
6 (12%) 
8 (16%) 

(1) 
1 (100%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

CARDIOVASCULAR SYSTEM 
Heart (50) 

Cardiomyopathy 2 (4%) 
Mineralization 1 (2%) 
Artery, inflammation, chronic active 
Pericardium, inflammation, acute 

(6) (48) 

1 (2%) 
1 (17%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Capsule, hyperplasia 
Cortex, hyperplasia 
Cortex, hypertrophy 
Cortex, hypertrophy, diffuse 
Cortex, hypertrophy, focal 
Medulla, hyperplasia 

Islets, pancreatic 
Hyperplasia 

Pituitary gland 
Pars distalis, cyst 
Pars distalis, hyperplasia 
Pars intermedia, cyst 

Follicle, cyst 
Follicular cell, hyperplasia, focal 

Thyroid gland 

(49) 
31 (63%) 

1 (2%) 

1 (2%) 
8 (16%) 

1 (2%) 

2 (4%) 
3 (7%) 
1 (2%) 

1 (2%) 
1 (2%) 

(49, 

(45) 

(48) 

(9) 
6 (67%) 

1 (11%) 

1 (11%) 
(9) 

(6) 
1 (17%) 

(6) (46) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis (47) (7) (47) 

Preputial gland (7) (9) (10) 
Abscess 1 (14%) 

cyst 3 (33%) 
Dilatation 1 (14%) 
Inflammation, chronic active 5 (71%) 2 (22%) 5 (50%) 
Necrosis 1 (14%) 3 (33%) 5 (50%) 

Hemorrhage 1 (17%) 
Inflammation, chronic active 1 (2%) 1 (17%) 2 (4%) 
Necrosis 1 (17%) 

1 (10%) Inflammation, chronic active 1 (2%) 

Spermatocele 1 (11%) 
Seminiferous tubule, atrophy 7 (14%) 1 (11%) 
Seminiferous tubule, mineralization 1 (2%) 1 (11%) 3 (6%) 

Prostate (46) (6) (45) 

Seminal vesicle (49) (10) (48) 

Testes (50) (9) (48) 

6 (13%) 

HEMATOPOIETIC SYSTEM 
Lymph node (47) (15) (43) 

Lumbar, angiectasis 1 (2%) 
Lumbar, hematopoietic cell proliferation 1 (2%) 
Lumbar, hyperplasia, plasma cell 1 (2%) 1 (7%) 
Mandibular, infiltration cellular, plasma cell I (2%) 
Mesenteric, angiectasis 22 (47%) 10 (67%) 14 (33%) 
Mesenteric, hematopoietic cell proliferation 16 (32%) 10 (67%) 10 (23%) 
Mesenteric, necrosis 1 (2%) 
Pancreatic, hematopoietic cell proliferation I (7%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Lymph node (Continued) (47) (15) (43) 

Renal, necrosis 1 (2%) 
Thoracic, angiectasis 1 (2%) 
Thoracic, necrosis 1 (2%) 

Angiectasis 2 (4%) 1 (6%) 
Atrophy 1 (2%) 1 (2%) 
Hematopoietic cell proliferation 40 (80%) 15 (83%) 38 (78%) 
Hyperplasia, lymphoid 3 (6%) 1 (2%) 
Hyperplasia, mast cell 1 (6%) 

Atrophy 3 (9%) 2 (33%) 
Hyperplasia, lymphoid 1 (3%) 

Spleen (50) (18) (49) 

Thymus (35) (6) (30) 

INTEGUMENTARY SYSTEM 
Skin 

Bacterium 
Hemorrhage 
Hyperplasia, basal cell 
Inflammation, acute 
Inflammation, chronic active 
Necrosis 
Prepuce, acanthosis 
Prepuce, inflammation, chronic active 
Prepuce, necrosis 
Sebaceous gland, hyperplasia 
Subcutaneous tissue, fibrosis 
Subcutaneous tissue, inflammation, chronic 

Subcutaneous tissue, metaplasia, osseous 
Subcutaneous tissue, necrosis 

active 

(48) (23) 
1 (2%) 3 (13%) 

I (4%) 
1 (4%) 
1 (4%) 
2 (9%) 

4 (8%) 8 (35%) 

1 (4%) 

1 (4%) 
3 (13%) 

1 (4%) 

1 (4%) 

(49) 
2 (4%) 
1 (2%) 

8 (16%) 
1 (2%) 
1 (2%) 
2 (4%) 

2 (4%) 

MUSCULOSKELETAL SYSTEM 
Bone 

Joint, tarsal, hyperostosis 
(50) (49) 
35 (70%) 40 (82%) 

(49) 
27 (55%) 

NERVOUS SYSTEM 
Brain 

Inflammation, acute 
Inflammation, chronic 
Mineralization 
Thalamus, mineralization 

(50) 

1 (2%) 

(6) (48) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

RESPIRATORY SYSTEM 
L l w  

Abscess 
Embolus tumor 
Fungus 
Hemorrhage 
Infiltration cellular, histiocytic 
Inflammation, chronic active 
Alveolar epithelium, hyperplasia 
Bronchiole, inflammation, acute 

50) (50) (49) 
1 (2%) 

1 (2%) 
1 (2%) 

7 (14%) 4 (8%) 7 (14%) 
2 (4%) 2 (4%) 

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

1 (2%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

SPECIAL SENSES SYSTEM 
Harderian gland 

Abscess 
Fibrosis 
Fungus 
Inflammation, chronic active 

(2) (3) 
1 (33%) 
1 (33%) 
1 (33%) 
1 (33%) 

URINARY SYSTEM 

Abscess 
cys t  
Embolus tumor 
Inflammation, chronic active 
Cortex, mineralization 
Papilla, mineralization 
Papilla. necrosis 
Renal tubule, casts 
Renal tubule, degeneration 
Renal tubule, regeneration 

Urinary bladder 
Angiectasis 
Calculus micro observation only 
Inflammation, acute 
Inflammation. chronic 
Inflammation, chronic active 
Transitional epithelium, hyperplasia 

Kidney (50) 

4 (8%) 
1 (2%) 
3 (6%) 

19 (38%) 
1 (2%) 

5 (10%) 
1 (2%) 

18 (36%) 
(48) 

2 (4%) 

1 (2%) 
1 (2%) 

(20)  

1 

4 
2 

1 

4 
(7) 

1 

1 
1 
1 

(5%) 

(20%) 
(10%) 

(6%) 

(20%) 

(14%) 

(14%) 
(14%) 
(14%) 

(49) 
1 

2 
10 
1 
1 
4 
1 
8 

(47) 

(2%) 

(4% ) 
(20%) 
(2%) 
(2%) 
(8%) 
(2%) 
(16%) 
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TABLE DI. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE 

~~~ 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
49 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Gallbladder (38) 

Intestine large (48) 

Intestine small (47) 

Lymphoma malignant lymphocytic 1 (3%) 

Lymphoma malignant lymphocytic 1 (2%) 

Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 
Lymphoid nodule, lymphoma malignant mixed 1 (2%) 
Lymphoid nodule, lymphoma malignant 

Undifferentiated cell type 1 (2%) 

Hemangiosarcoma 
Hepatocellular carcinoma 1 (2%) 
Hepatocellular adenoma 1 (2%) 
Hepatocellular adenoma, multiple 2 (4%) 
Hepatocholangiocarcinoma, multiple 1 (2%) 

Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 4 (8%) 
Lymphoma malignant mixed 1 (2%) 

Lymphoma malignant lymphocytic 1 (2%) 

Lymphoma malignant lymphocytic 3 (7%) 
Lymphoma malignant mixed 1 (2%) 
Lymphoma malignant undifferentiated cell type 

Salivary glands (46) 
Lymphoma malignant undifferentiated cell type 

Stomach (47) 
Lymphoma malignant lymphocytic 2 (4%) 
Lymphoma malignant undifferentiated cell type 
Forestomach, papilloma squamous 

Liver (49) 

Histiocytic sarcoma 

Lymphoma malignant undifferentiated cell type 
Mesentery '(49) 

Pancreas (46) 

1 (2%) 

(50) (50) 
2 (4%) 
2 (4%) 
3 (6%) 
1 (2%) 

1 (2%) 

2 (4%) 

"(50) 

(47) 

(45) 

(50) 

2 (4%) 

CARDIOVASCULAR SYSTEM 
Heart (48) 

Lymphoma malignant undifferentiated cell type 

ENDOCRINE SYSTEM 
Adrenal gland (49) 

Islets, pancreatic (46) 

Pituitary gland (44) 

Lymphoma malignant lymphocytic 2 (4%) 
Lymphoma malignant undifferentiated cell type 

Adenoma 

Lymphoma malignant lymphocytic 2 (5%) 
Pars distalis, adenoma 7 (16%) 
Pars distalis, adenoma, multiple 
Pars intermedia, adenoma 1 (2%) 

Lymphoma malignant lymphocytic 2 (4%) 
Follicular cell, adenoma 1 (2%) 

Thyroid gland (49) 

'(50) (46) 

1 (2%) 

1 (2%) 
'(50) (47) 

"(50) (46) 

6 (12%) 5 (11%) 
1 (2%) 

(49) (47) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

~~ 

Vehicle Control Low Dose High Dose 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary 

Uterus 
Lymphoma malignant lymphocytic 

Histiocytic sarcoma 
Leiomyosarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Polyp stromal 

HEMATOPOIETIC SYSTEM 
Bone marrow (49) Y50) 

Lymphoma malignant lymphocytic 2 (4%) 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated cell type 1 (2%) 

Lymph node (44) Y50) 
Axillary, lymphoma malignant lymphocytic 
Iliac, lymphoma malignant mixed 
Inguinal, lymphoma malignant lymphocytic 
Inguinal, lymphoma malignant mixed 
Lumbar, lymphoma malignant histiocytic 
Lumbar, lymphoma malignant lymphocytic 
Lumbar, lymphoma malignant mixed 
Lumbar, lymphoma malignant undifferentiated 

Mandibular, lymphoma malignant lymphocytic 
Mandibular, lymphoma malignant mixed 
Mandibular, lymphoma malignant 

Mediastinal, lymphoma malignant histiocytic 
Mediastinal, lymphoma malignant lymphocytic 
Mediastinal, lymphoma malignant mixed 
Mediastinal, lymphoma malignant 

Mesenteric, lymphoma malignant histiocytic 
Mesenteric, lymphoma malignant lymphocytic 
Mesenteric, lymphoma malignant mixed 
Mesenteric, lymphoma malignant 

Pancreatic, lymphoma malignant lymphocytic 
Pancreatic, lymphoma malignant mixed 
Renal, lymphoma malignant histiocytic 
Renal, lymphoma malignant lymphocytic 
Renal, lymphoma malignant mixed 
Renal, lymphoma malignant undifferentiated 

cell type 

undifferentiated cell type 

undifferentiated cell type 

undifferentiated cell type 

cell tvDe 

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

2 (5%) 
1 (2%) 

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

1 (2%) 
1 (2%) 
4 (9%) 
1 (2%) 

1 (2%) 

3 (7%) 
1 (2%) 

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

2 (5%) 
1 (2%) 

1 (2%) - -  
Spleen (48) 

Hemangiosarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 3 (6%) 
Lymphoma malignant mixed 2 (4%) 
Lymphoma malignant undifferentiated cell type 3 (6%) 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 3 (8%) 
Lymphoma malignant mixed 1 (3%) 
Lymphoma malignant undifferentiated cell type 2 (5%) 

Thymus (37) 

1 (2%) 

1 (2%) 

1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

2 (4%) 

1 (2%) 

2 (4%) 

1 (2%) 

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

1 (3%) 
1 (2%) 

1 (3%) 
1 (2%) 

Y50) (35) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

INTEGUMENTARY SYSTEM 
Skin (40) 

Lymphoma malignant undifferentiated cell type 

MUSCULOSKELETAL SYSTEM 
None 

NERVOUS SYSTEM 
Brain (49) *(50) 

Lymphoma malignant lymphocytic 1 (2%) 
(50) 

RESPIRATORY SYSTEM 
Lung (49) *(50) (50) 

Alveolar/bronchiolar adenoma 2 (4%) 1 (2%) 2 (4%) 
Alveolar/bronchiolar carcinoma 1 (2%) 
Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 3 (6%) 1 (2%) 
Lymphoma malignant undifferentiated cell type 1 (2%) 1 (2%) 
Osteosarcoma, metastatic 1 (2%) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 
*(49) 

URINARY SYSTEM 
Kidney (49) *(50) (50) 

Lymphoma malignant lymphocytic 3 (6%) 
Lymphoma malignant mixed 1 (2%) 1 (2%) 
Lymphoma malignant undifferentiated cell type 2 (4%) 
Osteosarcoma, metastatic 1 (2%) 

Lymphoma malignant lymphocytic 4 (9%) 
Lymphoma malignant undifferentiated cell type 1 (2%) 

Urinary bladder (47) *(50) (48) 

SYSTEMIC LESIONS 
Multiple organs *(49) *(50) *(50) 

Lymphoma malignant lymphocytic 4 (8%) 1 (2%) 
Lymphoma malignant undifferentiated cell 3 (6%) 2 (4%) 
Lymphoma malignant histiocytic 1 (2%) 1 (2%) 
Lymphoma malignant mixed 3 (6%) 2 (4%) 2 (4%) 
Hemangiosarcoma 3 (6%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 
Moribund sacrifice 
Terminal sacrifice 
Culled 
Natural death 

50 
10 
25 

1 
14 

50 
12 
13 

25 

50 
11 
20 

19 
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TABLE DI. SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

~ ~~ ~~ ~~ ~ ~ ~ ~ ~ 

Vehicle Control Low Dose High Dose 

TUMOR SUMMARY 
Total animals with primary neoplasms *+ 
Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

24 
30 
11 
15 
15 
15 

18 18 
23 25 
13 15 
16 17 
6 8 
7 8 

1 
2 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE DZ. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE: VEHICLE CONTROL 

WEEKS ON 
STUDY 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1  
1 7 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0 0 0 0  
3 2 1 4 4 6 6 6 1 8 9 0 2 2 3 8 8 9 0 0 0 1 3 4 4  

CARCASS 
ID 

Eso ha s 
Gal&da%er 

Intestine l a r p  
Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 

Lymphoma malignant I mphocytic 
Lymphoid nodule, lymp%oma malignant 

Lym hoid nodule, lymphoma malignant 

Hepatocellular carcinoma 

Intestine small 

mixed 

u n h r e n t i a t e d  cell type 
Liver 

Hepatocellular adenoma 
Hepatocellular adenoma. multi le 
Hepatocholanpocsrcinoma. muytiph 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Lymphoma malignant lymphocytic 

Mesentery 

Pancreaa 

Sa:;;% glands 

Heart 

Adrenal gland 

Iebta. pancreatic 
Parathyroid gland 
Pituitary gland 

Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 
P a n  d i r tah .  adenoma 
Pan inbrmedia, adenoma 

Lymphoma mali n t  lymphocytic 
Follicular cell, a g o m a  

None 

Thyroid gland 

Clitoral gland 

Onduct 
uterus 

T z p h o m a  malignant lymphocytic 

Leiomyosarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Polyp stromal 

+: Tissue examined microscopically 
: Not examined 

Tribromomethane, NTP TR 350 

3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 4 3 3 3 3  
1 3 2 6 1 2 8 9 5 5 9 9 4 0 7 4 6 8 2 3 0 1 6 5 1  
3 1 3 1 4 5 2 3 1 2 5 1 1 2 5 2 9 1 1 3 5 1 3 5 2  

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

X 

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

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

+ A + + + + + + + + + + + + + + + + + M + + + +  
X X 

+ + + + + + + + + M + + + + M M + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . .  
X 

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

X 

. . . . . . . . . . . . . . . . . . . . . . . .  
X X 
+ M + + + + + + + + + + + + + + + + t M + t + +  
M M + + M M M + + M + + + + + + + + + M + + M +  
+ + M + + + + + + + + + + + + + + + M + + + + +  
X 

X X X 
X 

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

M + M M  M 
+ + + + + + + + + + + M + + + + M + + + + + + +  
X X 

. . . . . . . . . . . . . . . . . . . . . . . .  + 

X 

M: Missing 
A: Autolysia precludes examination 
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ON 1 1 1  1 1 1  l l l l l l l l  1 1 1 1 1 1 1 1 1 1 1  
STUDY 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  

5 5 5 5 5 f 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6  

CARCASS 3 3 3 3 3 9 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 4 4 
ID 1 1  2 3 4 4 6 6 7 7 8 8 9 0 1 2  3 3 4 5 5 8 9 0 0 

2 5 4 4 4 5 2 4 1 3 3 4 2 1 4 2 2 5 3 3 4 5 4 3 4  

+ + + + + + Y + + + + + + + + + + + + + + + + + i  
+ + + + M + + + + + + + + + + + + + + M + + + M +  Eh!% Lymphoma malignant lymphocytic 

Intartine large . . . . . . . . . . . . . . . . . . . . . . . . .  
Intortine small . . . . . . . . . . . . . . . . . . . . . . . . .  Lymphoma malignant lymphocytic 

Lymphoma malignant I mphocytk 
Lymphoid nodule, lymptoma malignant 

m u d  

Adrenal gland 

Islets. mncnatic 
Lymphoma malignant lymphocytic 

TOTAL: 
TISSUES 
TUMORS 

46 
38 
1 

48 
1 

47 
1 

Panthjtroid gland 
Pituitary gknd 

Lymphoma malignant lymphocytic 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
2 + + + M + + + + + + + + + + + + + + t + + + + + +  46 

+ + + + M + + + + + + + + + + + + + + + M + M + +  44 
X 2 

X X x 7  

M M + M + + + + + M M + + M + + + M ~ + M + + M +  32 

Pk-distdlis adenoma 
Para inkmddia ,  adenoma 

Lymphoma mali ant lymphocytic 
Follicular cell, a%oma 

Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  I X  
None 

C l i b d  gland 

?$phoma malignant lymphocytic 
Oviduct 
Utam 

Leiomyo8areoma 
Lymphoma malignant hi8tiocytic 
Lymphoma malignant lymphocytic 
Polyp dromal 

1 
49 
2 

+ + + +  

X 

+ + M +  

+ + + + M + + + + + + + + + + + + + + + + M + + +  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X 

X 
X 

X 

+ + +  

+ + +  

1 
45 
3 
1 
49 
1 
1 
1 
1 

+ + + +  

X 
+ 
X + + + +  

X + + + +  

X 

+ + t +  
X 

X 

+ +  

X 

t +  

+ +  

X 
X 

+ +  

1 

1 
49 
1 
1 
2 
1 
1 
4 
1 

16 
1 

46 
? 

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

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

I I-- 

X 
I- 
I i  
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TABLE D2. INDIVIDUAL ANTMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

Blood 
Bone marrow 

celftype 

lym hocytic 

lymphoc tic 

Lymphoma malignant lymphocytic 
Lym homa malignant undifferentiated 

Axillary. lymphoma malignant 

Iliac.yymphoma malignant mixed 
inguinal, lymphoma malignant 

Inguinal. gmphoma malignant mixed 
Lumbar, lymphoma malignant lymphocytic 
Lumbar, lymphoma malignant mixed 
Lumbar, lymphoma malignant 

Mandibular, lymphoma malignant 

Manibular.  lvmohoma malignant mixed 

Lymph node 

undifferentiated cell type 

lym hocytic 

Mandibular Gm' homa mal&ant 

Mediastinal. lymphoma ma.ignanr 
undiffere&are8 ce.1 type 

histiocytic 

lymphocytic 

undiffereniiate$cell type 

lymphocytic 

undifferentiated cell type 

lymphocytic 

Mediastinal. lymphoma malignant 

Mediastinal, lymphoma malignant mixed 
Mediastinal lym homa malignant 

Mesentenc. lymphoma malignant 

Mesentenc, lymphoma malignant mixed 
Mesentenc, lymphoma malignant 

Pancreatic. lymphoma malignant 

Pancreatic. lymphoma malignant mixed 
Renal lymphoma malignant lymphocytic 
Renal: lymphoma malignant mixed 
Renal, lymphoma malignant 

undifferentiated cell type 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

Spleen 

ceiftrpe 
Thymus 

celftrpe 

Mammary gland 
Skin 

Bone 

Brain 

ETACSYYITM 

Lymphoma malignant lymphocytic 

Lung 
Alveolarbronchiolar adenoma 
Alveolar/bronchiolar camnoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant undifferentiated 

cell type 
Nose 
Trachea 

None 

Kidney 

Urinary bladder 

M 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Lymphoma malignant lymphocytic 

0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1  
1 7 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0 0 0 0  
3 2 1 4 4 6 6 6 7 8 9 0 2 2 3 8 8 9 0 0 0 1 3 4 4  

3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 4 3 3 3 3  
1 3 2 6 7 2 8 9 5 5 9 9 4 0 7 4 6 8 2 3 0 1 6 5 7  
3 1 3 1 4 5 2 3 1 2 5 1 1 2 5 2 5 1 1 3 5 1 3 5 2  

+ + +  
X 

+ + t  

+ A +  
X 

+ M +  x 

+ + + +  

+ + + +  
X 

X 

X 

X 

X 

X 

+ + + +  
X 

+ M + +  
X 

+ t + + + +  

X + + + + + +  

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X + + + + + +  
X 

+ M M M + +  
X 

X 

X 

+ + + + + + + + + + + +  

+ + + + + + h i + + + +  

+ + + + + + + + + + +  

+ + + + + + M + M + +  

+ M + M M + + M M + + + M M M + + t + M + M M h i  
+ M + + + + + + + + + + + + + + + + + + + + + +  

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

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

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

X X 

+ + + + + + + + + + + + + M M + + + + + + t + +  
. . . . . . . . . . . . . . . . . . . . . . . .  

+ + + t + + + + + + t + + + + + + t t + + + + +  
X X 
. . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
Blood
Bone marrow

Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

celftype
Lymph node

Axillary, lymphoma malignant
lymphocytic

Iliac, lymphoma malignant mixed
Inguinal, lymphoma malignant

lymphocytic
Inguinal, lymphoma malignant mixed
Lumbar, lymphoma mahg. lymphocytic
Lumbar, lymphoma malignant mixed
Lumbar, lymphoma malignant

undifFerentiated cell type
Mandibular, lymphoma malignant

lymphocytic
Mandibular, lymphoma mahg mixed
Mandibular, lymphoma malignant

undifFerentiated cell type
Mediastinal, lymphoma malignant

histiocytic
Mediastinal, lymphoma malignant

lymphocytic
Mediastinal, lymphoma mahg. mixed
Mediastinal, lymphoma malignant

undifFerentiatea cell type
Mesentenc, lymphoma malignant

lymphocytic
Mesentenc, lymphoma mahg mixed
Mesentenc, lymphoma malignant

undifFerentiated cell type
Pancreatic, lymphoma malignant

lymphocytic
Pancreatic, lymphoma malignant mixed
Renal, lymphoma mahg. lymphocytic
Renal, lymphoma malignant mixed
Renal, lymphoma malignant

undifFerentiated cell type
Spleen

Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifFerentiated

celftype
Thymus

Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifFerentiated

celftype

INTEGUMENTARY SYSTEM
Mammary gland
Skin

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

Lymphoma malignant lymphocytic

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant undifFerentiated

celftype
Nose
Trachea

SPECIAL SENSES SYSTEM
None

URINARY SYSTEM
Kidney

Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Unnary bladder
Lymphoma malignant lymphocytic

l l l l l l l l l l l l l l l l l
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6

3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 3
1 1 2 3 4 4 6 6 7 7 8 8 9 0 1 2 3
2 5 4 4 4 5 2 4 1 3 3 4 2 1 4 2 2

X

X

X

X

X

X X

X

X

X
X

X
+ M - I - + -I- + +M + + M + + M + M +

X

X

M + M M M M M M M M + M M - f M M t -
M + - I - M M - I - + M + M + + M + + + +

+ + + + + -f + + -l- + - t - - t - + - { - - f 4 - +

+ + + + + + + + + + + + + + + + +
X X

X
X

X

X
+ + - & - + M + + + + -H + -H + + + + +
+ + + + + + -H + + + + + + + + + +

1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0
6 6 6 6 6 6 6 6

3 3 3 3 3 3 4 4
3 4 5 5 8 9 0 0
5 3 3 4 5 4 3 4

+ + + + + + + +

+ + M + + + + +

X

+ + •(- + + + + 4-

X

M M - t - M M M M M
+ M + + M + + +

+ + + + + + + +

+ + + + + + + +
+ + + + + + + +

+ + + + + + + + + + + + + + + + +
X

+ + + + + + +M + + + - ( • • + • 4- + -f -t-
X X

4, + + 4. + + + +

+ +M + + + + +

TOTAL:
TISSUES
TUMORS

1
49
2

1
44

2
1

1
1
2
1

1

3
1

1

1

4
1

1

3
1

1

1
1
2
1

1
48
3
2

3
37
3
1

2

17
40

49

49
1

49
2
1
1
3

1
46
49

49
3
1

47
4
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF TRIBROMOMETHANE: LOW DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine small

Lymphoma malignant mixed
Liver

Hepatocellular adenoma
Hepatocellular adenoma, multiple
Histiocytic sarcoma
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

rail type
Mesentery
Pancreas

Lymphoma malignant (ymphocytic
Lymphoma malignant undifferentiated

cell type
Salivary glands

Lymphoma malignant undifferentiated
cell type

Stomach
Lymphoma malignant undifferentiated

cell type

CARDIOVASCULAR SYSTEM
Heart

Lymphoma malignant undifferentiated
celt type

ENDOCRINE SYSTEM
Adrenal gland

Lymphoma malignant undifferentiated
cell type

Islets, pancreatic
Adenoma

Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

GENERAL BODY SYSTEM
Tissue, NOS

UENITAL SYSTEM
Clitoral gland
Ovary
Uterus

Histiocytic sarcoma
Polyp stromal

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 1 1 5 5 7 8 8 8 9 0 1 1 1 2 3 4 5 5 6 6

9 1 4 0 8 1 8 9 0 8 7 9 7 1 7 2 2 5 3 9 5 7
2 3 1 5 1 2 3 4 2 1 2 1 5 5 3 3 4 3 4 5 4 4

X X

X

X

X

X

X

X

0 0 0
8 9 9
8 0 1

7 3 3
1 3 5

M + A

+ + A

-f + +
X

+

+ + +

X
M M +
+ + M

X

+
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine small

Lyznphoma malignant mixed
Liver

Kepatocellular adenoma
Hepatocellular adenoma, multiple
Histiocytic sarcoma
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

celftype
Mesentery
Pancreas

Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

celftype
Salivary glands

Lymphoma malignant undifferentiated
celltype

Stomach
Lymphoma malignant undifferentiated

celltype

CARDIOVASCULAR SYSTEM
Heart

Lymphoma malignant undifferentiated
celltype

ENDOCRINE SYSTEM
Adrenal gland

Lymphoma malignant undifferentiated
celltype

Islets, pancreatic
Adenoma

Parathyroid gland
Pituitary gland

Pars distalis, adenoma
Thyroid gland

GENERAL BODY SYSTEM
Tissue, NOS

UKNITAL SYSTEM
Chloral gland
Ovary
Uterus

Histiocytic sarcoma
Polyp stromal

9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 2 4 6 3 0 6 0 5 0 5 1 2 2 3 4 4 4 5 6 6 8 8 8 9
1 1 2 5 1 1 3 4 5 3 1 4 2 5 2 3 4 5 2 2 4 2 4 5 3

+ + + + + + + + 4 - - I - - I - - I - + + + + +•
+

+ + +
X

X X
X

X
X

X
+
+ + + +

X

+

+

+ + +

+ + + M

+ + + + + + +
X X X X X

+
+ + + + + + + + + + +

X
X

TOTAL.
TISSUES
TUMORS

36
16
24
22
1

SO
5
1
1
1

2
19
26
1

1
24

1
48

1

26

1

26

1
25
1

32
27
6

49

1

2
36
39
1
1
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

STUDY 

CARCASS 
ID 

Bone marrow 
Lymph node 

Lumbar, lymphoma malignant mixed 
Mediastinal, lymphoma malignant 

lymphocytic 
Mesentenc, lymphoma malignant 

lymphocytic 
Mesentenc, lymphoma malignant 

undflerentiated cell type 
Pancreatic, lymphoma malignant 

lym hocytic 
Renafl lymphoma malignant 

undlfferentiated cell type 

Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

celftype 

Lymphoma malignant lymphocytic 
Lym homa malignant undifferentiated 

celft ype 

Spleen 

Thymus 

Mammary gland 
Skin 

Lym homa malignant undifferentiated 
celftype 

Bone 

Brain 

Lung 
Alveolar/bronchiolar adenoma 
Lymphoma malignant lymphocytic 
Lym homa malignant undflerentiated 

celftype 
Nose 
Trachea 

Hardenan gland 
Adenoma 

Kidney 

Unnary bladder 

Lym homa malignant undflerentiated 

Lyrn homa malignant undflerentiated 

celftype 

celftype 

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  
1 1 7 1 1 7 1 7 7 7 7 a 8 a a a 8 a a a a a 8 9 9  
0 1 1 1 5 5 7 8 8 8 9 0 1 1 1 2 3 4 5 5 6 6 8 0 1  

4 4 4 5 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
9 1 4 o ~ i a ~ o 8 1 9 7 1 1 2 2 5 3 9 5 ~ ~ 3 3  
2 3 1 5 1 2 3 4 2 1 2 1 5 5 3 3 4 3 4 5 4 4 1 3 5  

~~~~~ ~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + M + + + M + t + + + + + + + + + + + + + + +  

X 

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

X 
+ M M M + M M + M + M + M M M + + + + + + + M + M  

X 

M M M t t + M M + M M t M M M M + M + + + + M + M  
+ t + + t + + + + + + t + + + + + + + + + + + t +  

X 

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

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

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

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

X 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

Bone marrow 
Lymph node 

Lumbar, lymphoma malignant mixed 
Mediastinal. lymphoma malignant 

lymphocytic 
Mesentenc, lymphoma malignant 

lymphocytic 
Mesentenc, lymphoma malignant 

undflerentiated cell type 
Pancreatic. lymphoma malignant 

lym hocytic 
Renaa lymphoma malignant 

undflerentiated cell type 

Lymphoma malignant mixed 
Lym homa malignant undifferentiated 

Lymphoma malignant lymphocytic 
Lym homa malignant undifferentiated 

Spleen 

celPtype 

celftypa 

celftype 

Thymus 

Mammary gland 
Slun 

Lym homa malignant undifferentiated 

Bone 

Brain 

Lung 
Alveolar/bronchiolar adenoma 
Lymphoma malignant lymphocytic 
Lym homa malignant undflerentiated 

ced'type 
Nose 
Trachea 

Harderian gland 
Adenoma 

Kidney 

ceiftype 
Unnary bladder 

celPtype 

Lym homa malignant undifferentiated 

Lym homa malignant undifferentiated 

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 4 5 6 7 1 1 9 1 3 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

a 4 4 4 4 5 4 5 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
1 2 4 6 3 0 6 0 5 0 9 1 2 2 3 4 4 4 5 6 6 8 8 8 9  
1 1 2 5 1 1 3 4 5 3 1 4 2 5 2 3 4 5 2 2 4 2 4 5 3  
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X 
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+ +  
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+ +  
X 
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PGTAL: 
ISSUES 
UMORS 

25 
32 
1 

1 

1 

2 

1 

1 
35 

1 

2 
14 
1 

1 

11 
25 

1 

25 

25 

27 
1 
1 

1 
16 
49 

2 
1 

32 

2 
17 

1 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF TRIBROMOMETHANE: HIGH DOSE 

WE'FRS ON 
STUDY 

ChRCASS 
ID 

%%r 
Intestine large 
Intestine small 
Liver 

Hemangiosamma 
Hepatwellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

Mesentery 
Pancreas 
Saliva glands 
S t o m a 3  

Tooth 

Heart 

Mranal  gland 
Islsts, pancreatic 
Parathymid gland 
Pituitary gland 

Thymid gland 

Forestomach, papilloma squamous 

Para distalis adenoma 
Pars distalis: adenoma. multiple 

None 

Clitoral gland 

E:. 

Bone marmw 

Lympi  node 

Polyp stromal 

Lym homa malignant mixed 

Lumbar, lymphoma malignant histiocytic 
Lumbar, lym homa malignant mixed 
Mediastinal. fymphoma malignant 

Mediastinal. lym homa malignant mixed 
Masenteric. lymp%oma malignant 

Mesenteric lymphoma malignant mixed 
Renal. lymihoma malignant histiocytic 

Hemangiosarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant mired 

Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

histiocytic 

histiocytic 

Spleen 

Thymur 

Mammary gland 
Skin 

Bone 

Brain 

Lung 

Nose 
Trachea 

Alveolarbmnchiolar adenoma 
Osteosarcoma. metastatic 

None 

Kidney 

Urinary bladder 

Lymphoma malignant mixed 
Osbxamoma, metastatic 

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  
4 5 5 ~ ~ 6 7 7 7 a a a a a a a a a a a a g g g g  
4 2 4 3 4 a 7 7 a o o 1 1 1 1 3 4 7 7 a 9 1 2 3 4  

5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 6 5 5 5 5 5 5 5 5  
8 5 6 7 5 1 2 7 2 1 9 3 7 1 0 6 0 3 1 8 6 ~ 2 1 9  
1 3 2 2 1 2 2 1 3 1 3 4 5 4 3 1 4 1 5 2 4 4 5 3 5  

+ + + + + + + + + + + + + + + + + + + + + + + + M  
+ + A A + A M + M + + + M + A A M + + A + + + M +  
+ + + + + A + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

Y 
X 

X X I 
+ + + + + + +  + + + + + + +  + + 

+ + + A + + + + + + + + + + M + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + t t t + + M  . . . . . . . . . . . . . . . . . . . . . . . . .  

X I + I 

+ + + + + + + + + + M + + + + + + + + + + + + + +  
+ + + A + + + + + + + + + t M + + + + + + + + + +  
+ M M + M + + + + M M + M + M + + M M M M + + + M  
+ + + M + + + + + + + + + + + + M + + + + + + + +  

+ + + + + + + + + + + + t + + + + + + + M + + + M  

M /  

M . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 
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M + + + + M + + M M + + M + + M + + + + M M + M +  

M M + M M M M M + M M M M M M M M + + M M M M M M  
+ + + + + + + + + M + + + + + + + + + + + + + + +  

~~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  I 

~~ ~ ____ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 
M - M M - M + + + + + + + + t + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 
. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE D2, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

6 6 6 8 3 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 I_.. 

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

+ + + M + + m + M + + + + + + + + + + + + + + + +  

+ + M M + + M M + + + + + + M + M M + M ~ M + M +  M + + M + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + M + + + + + + + + + + + + + + + +  

X x x  X X 

CARCASS 
ID 

.- 
1 

49 
49 
3 

50 
1 

45 
1 
1 

1 
2 

.- 

&R$%, 
Inteatine lam 
Intestine m a l l  
Liver 

Hemangiwarcoma 
Hepatoesllular camnoma 
Hepatocellular adenoma 
Hepatoallnlar adenoma multiple 
Lymphoma malignant hibtioeytie 
Lymphoma malignant m u d  

Mesentey 
Pancreas 
Saliva glands 

Tooth 

S t o m a 3  
Forestomach. papilloma aquamous 

X 
x x  

m M + M M + + + m + + + + + + M + + + + + + + + +  I x  ~fr imingiosarmma 

Thymus 

Lymphoma malignant histiocytic 
Lymphoma malignant m u d  

Heart 

1 
1 
2 

1 
1 

35 

Adrenalgland J 

Islets, pancraatic 
Parathyroid gland 
Pituitary gland 

Thymid gland 

Pandistalis, adenoma 
Pars diotelis, adenoma, multiple 

Mammary gland 
Skin 

None 

M M M M + + M M + M M M + + + M M M + M M M + M +  
+ + + + + + + + + M + M + + + + + + M + M M + + +  

Clitoral gland 

%a 
Polyp stmmal 

Bone marrow 

Lymptnwie 
Lym harm malignant mixed 

Lumbar, lymphoma d i g .  hietiocytie 
Lumbar, Iym homa malignant mixed 
Medisatinal.?ymphoma malignant 

Mediartinal. lym horn d i g .  muad 
Mesenteric. lymp%oma malimant 

histiocytic 

Bone 

Brain 

8 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 6 6 r  9 6 3 1 2  2 3 3 4 4 4 8 9 0 4 4 5 5 5 6 I S  0 0 TUMORS 
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~~~ ~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
A + + + M + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
A + + + + + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 
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x x  
X 
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+ + +  
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. . . . . . . . . . . . . . . . . . . . . . . . .  m M M + + + + + + + + + + + + + + + + + + m i + + +  

X 

M 

Alvaolarhmnchiolar adenoma 
Osteosarcoma. metastatic 

Lung 

Nose 
Trachea 

None 

48 

48 

37 
49 

50 
2 
2 
3 
1 
1 
2 

19 
47 
45 
50 

2 
1 

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

+ + + + + + + + + + + + + + + + + + + M + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

.- I 50 
46 
41 
21 
46 

5 
1 

47 

M M M M  + M M  M M  
+ + + + + + + + + + + + + + + + + + + + + + + + M  
+ + + + + + + + + M + + + + + + + + + + + + + + +  

X X 

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

M M + + + + + M + M + + + + + + + + + + + + + + +  
X 

X 

I X x x  
histiocytic X x x  l x  . . . . . . . . . . . . . . . . . . . . . . . . .  

Mesenteric, lymphoma malignant mued 
Renal. lymphoma malignant histiocytic 

Snlean 

1 
2 
1 

50 

X I tymphoma malignant histiocytic 
Lymphoma malignant mued X 

13 
44 

Kidney 

U r i ~ y  bladder 

Lymphomn malignant mixed 
Ostaosamma, metastatic 

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

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

- 
50 

2 

50 
1 
1 
48 

I I- 
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF TRIBROMOMETHANE 

Vehicle Control 100 m g k g  200 mg/kg 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/49 (6%) 
12.0% 
3/25 (12%) 
735 
P = 0.278 
P = 0.398 
P = 0.442 

Liver: Hepatocellular Adenoma or  Carcinoma 
Overall Rates (a) 4/49 (8%) 
Adjusted Rates (b) 14.7% 
Terminal Rates (c) 3/25 (12%) 
Day of First Observation 692 
Life Table Tests (d) P=0.175 
Logistic Regression Tests (d) P=0.265 
Cochran-Armitage Trend Test (d) P=0.326 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Adenoma o r  Carcinoma 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 12.0% 
Terminal Rates (c) 3/25 (12%) 
Day of First Observation 735 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Pituitary GlandJPars Distalis: Adenoma 
Overall Rates (a) 7/44 (16%) 
Adjusted Rates (b) 25.5% 
Terminal Rates (c) 4/22 (18%) 
Day of First Observation 600 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Uterus: Stromal Polyp 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/49 (2%) 
3.0% 
0125 (0%) 
692 
P=0.146 
P=0.153 
P=O.201 

Circulatory System: Hemangiosarcoma 
Overall Rates (a) 0149 (0%) 

Terminal Rates (c) 0125 (0%) 
Day of First Observation 
Life Table Tests (d) P=0.033 
Logistic Regression Tests (d) P=0.043 
Cochran-Armitage Trend Test (d) P=0.038 
Fisher Exact Test (d) 

Adjusted Rates (b) 0.0% 
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6/50 (12%) 
21.1% 
0115 (0%) 
538 
P = 0.092 
P = 0.248 

P = 0.254 

6/50(12%) 
21.1% 
0115 (0%) 
538 
P = 0.149 
P = 0.369 

P = 0.383 

(e) 1/27 (4%) 

(e) 6/27 (22%) 

( e n  1/50 (2%) 
6.7% 
1/15 (7%) 
735 
P=0.625 
P=0.670 

P=0.747N 

(g) 0150 (0%) 
0.0% 
0115 (0%) 

4/50 (8%) 
15.7% 
2/20 (10%) 
566 
P=0.376 
P=0.391 

P=0.511 

6/50(12%) 
23.1% 
3/20 (15%) 
566 
P=0.226 
P = 0.258 

P=0.383 

2/50 (4%) 
7.4% 
1/20 (5%) 
560 
P = 0.598N 
P=0.595N 
P = 0.490N 

6/46 (13%) 
28.3% 
5/20 (25%) 
672 
P=0.605 
P= 0.579 
P = 0.465N 

3/49 (6%) 
11.8% 
1/19 (5%) 
537 
P = 0.220 
P=0.275 

P=0.309 

3/50 (6%) 
11.9% 
2/20 (10%) 
372 
P = 0.096 
P = 0.163 

P=0.125 



TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF TRIBROMOMETHANE (Continued) 

Vehicle Control 100 mg/kg 200 mg/kg 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 11/49 (22%) (g) 5/50 (10%) 3/50 (6%) 
Adjusted Rates (b) 34.7% 22.9% 13.9% 
Terminal Rates (c) 7/25 (28%) 1/15 (7%) 2/20 (10%) 
Day of First Observation 502 60 1 672 
Life Table Tests (d) P=0.056N P=0.349N P=0.066N 
Logistic Regression Tests (d) P = 0.028N P = 0.137N P=0.039N 
Cochran-Armitage Trend Test (d) P=O.OllN 
Fisher Exact Test (d) P=0.079N P=0.018N 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences at the end ofthe study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the Pvalues corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The logistic regres- 
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) incomplete sampling of tissues 
(0 Thirty-nine uteruses were examined microscopically. 
(g) Thirty-five spleens were examined microscopically. 
(h) No P values are reported because no tumors were observed in the 100 mg/kg and vehicle control groups. 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE 

~ ~ ~ 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
49 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Intestine large 

Lymphoid nodule, hyperplasia 
Intestine small 

Fibrosis 
Inflammation, acute 
Mineralization 
Necrosis 
Epithelium, hyperplasia 
Lymphoid nodule, hyperplasia 

Abscess 
Basophilic focus 
Clear cell focus 
Fatty change, diffuse 
Fatty change, focal 
Hematopoietic cell proliferation 
Infarct 
Inflammation. chronic active 
Mineralization 
N e c r o s i s 
Pigmentation 

Inflammation, acute 
Fat, necrosis 

Necrosis, coagulative 
Acinus, hyperplasia, focal 

Forestomach, acanthosis 
Forestomach, angiectasis 
Forestomach, hyperkeratosis 
Forestomach, inflammation, chronic active 
Glandular, ectopic tissue 
Glandular, hyperplasia 
Glandular, inflammation, chronic active 
Glandular, mineralization 
Glandular, necrosis 
Glandular, pigmentation 

Inflammation, chronic active 

Liver 

Mesentery 

Pancreas 

Stomach 

Tooth 

(48) 

(47) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

16 (34%) 

1 (2%) 
1 (2%) 

1 (2%) 
32 (65%) 
1 (2%) 

1 (2%) 
5 (10%) 

(49) 

(16) 
14 (88%) 
1 (6%) 

1 (2%) 

2 (4%) 
1 (2%) 
6 (13%) 
4 (9%) 

1 (2%) 
5 (11%) 

1 (2%) 

(46) 

(47) 

(24) 

(22) 

1 (5%) 
1 (5%) 
1 (5%) 
5 (23%) 

(50) 

1 (2%) 

2 (4%) 
7 (14%) 
34 (68%) 

1 (2%) 

4 (8%) 
3 (6%) 

19 (100%) 
(19) 

(26) 

(48) 
3 (6%) 

13 (27%) 
2 (4%) 

4 (8%) 
5 (10%) 

3 (6%) 
1 (2%) 

(49) 

(48) 
2 (4%) 

15 (31%) 
(50) 

1 (2%) 
4 (8%) 
20 (40%) 
36 (72%) 

1 (2%) 
1 (2%) 

8 (16%) 
2 (4%) 

19 (100%) 
(19) 

(47) 

1 (2%) 

2 (4%) 

6 (12%) 
1 (2%) 
1 (2%) 
4 (8%) 
3 (6%) 
1 (2%) 
1 (2%) 

1 (100%) 

(50) 

(1) 

CARDIOVASCULAR SYSTEM 
Heart (48) (26) (50) 

Cardiomyopathy 1 (2%) 2 (8%) 2 (4%) 
Mineralization 1 (4%) 1 (2%) 
Artery, inflammation, chronic active 1 (2%) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESION8 IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland 

Accessory adrenal cortical nodule 
Hematopoietic cell proliferation 
Capsule, hyperplasia 
Medulla, hyperplasia 

Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hyperplasia 
Pars distalis, pigmentation 
Pars intermedia, hyperplasia 

Follicular cell, cyst 
Follicular cell, hyperplasia, focal 
Follicular cell, hyperplasia, multifocal 

Pituitary gland 

Thyroid gland 

(49) 
1 (2%) 
9 (18%) 

38 (78%) 
1 (2%) 

4 (9%) 

16 (36%) 

(44) 

(49) 
1 (2%) 
4 (8%) 
1 (2%) 

(26) 

8 (31%) 
17 (66%) 

5 (19%) 

7 (26%) 
1 (4%) 
1 (4%) 

3 (6%) 
1 (2%) 

(27) 

(49) 

(46) 

8 (17%) 
38 (83%) 

1 (2%) 

2 (4%) 
1 (2%) 

13 (28%) 

1 (2%) 

(46) 

(47) 

17 (36%) 
2 (4%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 

Absceas 
Angiectasis 
cys t  
Degeneration, cystic 
Hemorrhage 
Mineralization 
Pigmentation 
Bilateral, abscess 

Inflammation, acute 

Abscess 
Angiectasis 
Hemorrhage 
Inflammation, acute 
Necrosis 
Endometrium, hyperplasia 

Ovary 

Oviduct 

Uterus 

(45) 
13 (29%) 

11 (24%) 

1 (2%) 
1 (2%) 

10 (22%) 
(1) 

(49) 
1 (100%) 

2 (4%) 
1 (2%) 

14 (29%) 
1 (2%) 

20 (41%) 

(36) 
16 (44%) 

5 (14%) 
1 (3%) 

2 (6%) 
1 (3%) 

15 (42%) 

(39) 
1 (3%) 
1 (3%) 

12 (31%) 

19 (49%) 

(49) 
19 (39%) 
1 (2%) 
4 (8%) 

1 (2%) 
7 (14%) 

(49) 
2 (4%) 

1 (2%) 
12 (24%) 

22 (45%) 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Lymph node 
Myelofibrosis 

Axillary, hyperplasia, plasma cell 
Inguinal, hematopoietic cell proliferation 
Inguinal, hyperplasia, plasma cell 
Lumbar, angiectasis 
Lumbar, hematopoietic cell proliferation 
Lumbar, hyperplasia, lymphoid 
Lumbar, hyperplasia, plasma cell 
Lumbar, infiltration cellular, plasma cell 
Lumbar, necrosis 
Mandibular, angiectasis 
Mandibular, hematopoietic cell proliferation 
Mandibular, inflammation, acuta 
Mediastinal, angiectasis 
Mediastinal, bacterium 
Mediastinal, hematopoietic cell proliferation 
Mediastinal, hemorrhage 

(49) 

(44) 
3 (6%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
8 (18%) 

165 

(25) 

(32) 
1 (3%) 

2 (6%) 

4 (13%) 

1 (3%) 

7 (22%) 

4 (13%) 

(50) 

(45) 

1 (2%) 
1 (2%) 

3 (7%) 

1 (2%) 
5 (11%) 

7 (16%) 
1 (2%) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Lymph node (Continued) 

Mediastinal, hyperplasia, plasma cell 
Mediastinal, infiltration cellular, plasma cell 
Mediastinal, inflammation, acute 
Mediastinal, necrosis 
Mesenteric, angiectasis 
Mesenteric, hematopoietic cell proliferation 
Mesenteric, hemorrhage 
Mesenteric, hyperplasia, lymphoid 
Mesenteric, hyperplasia, plasma cell 
Mesenteric, infiltration cellular, plasma cell 
Pancreatic, hematopoietic cell proliferation 
Renal, angiectasis 
Renal, hematopoietic cell proliferation 
Renal, hyperplasia, lymphoid 
Renal, hyperplasia, plasma cell 
Renal, infiltration cellular, plasma cell 
Renal, necrosis 

Angiectasis 
Hematopoietic cell proliferation 
Hemorrhage 
Hyperplasia, lymphoid 
Necrosis 
Pigmentation 
Capsule, fibrosis 

Atrophy 

Hyperplasia, lymphoid 

Spleen 

Thymus 

cyst  

(44) 
3 (7%) 
4 (9%) 
3 (7%) 
4 (9%) 
7 (16%) 
16 (36%) 
1 (2%) 
1 (2%) 
2 (5%) 
1 (2%) 

1 (2%) 
3 (7%) 
1 (2%) 
2 (5%) 
2 (5%) 

(48) 
1 (2%) 
43 (90%) 

4 (8%) 
2 (4%) 
1 (2%) 

1 (3%) 
(37) 

(32) 
4 (13%) 

3 (9%) 
3 (9%) 
9 (28%) 
1 (3%) 

2 (6%) 

2 (6%) 

4 (13%) 

6 (19%) 

1 (3%) 
(35) 

32 (91%) 
1 (3%) 

(14) 
1 (7%) 
1 (7%) 

(45) 
10 (22%) 

5 (11%) 
5 (11%) 

11 (24%) 

2 (4%) 

3 (7%) 

3 (7%) 

1 (2%) 
(50 )  

48 (96%) 

5 (10%) 

1 (2%) 

2 (6%) 

1 (3%) 

(35) 

INTEGUMENTARY SYSTEM 
Mammary gland 

Galactocele 
Skin 

Hyperkeratosis 
Necrosis 
Subcutaneous tissue, inflammation, chronic 

active 
Subcutaneous tissue, metaplasia, osseous 
Subcutaneous tissue, necrosis 

1 (2%) 

1 (4%) 

MUSCULOSKELETAL SYSTEM 
Bone 

Joint, hyperostosis 
(50)  

NERVOUS SYSTEM 
Brain 

Inflammation, acute 
Thalamus, mineralization 

(49) (25) (50) 
1 (4%) 

2 (4%) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF TRIBROMOMETHANE (Continued) 

Vehicle Control Low Dose High Dose 

RESPIRATORY SYSTEM 
Lung (49) (271 ( 

Abscess 
Bacterium 2 (4%) 4 (15%) 
Edema 1 (4%) 
Hemorrhage 
Inflammation, acute 4 (8%) 
Inflammation, chronic active 4 (8%) 4 (15%) 
Alveolar epithelium, hyperplasia 1 (2%) 
Pleura, inflammation, acute 4 (8%) 11 (41%) 

150) 
1 (2%) 
5 (10%) 
1 (2%) 
6 (12%) 

4 (8%) 
3 (6%) 
9 (18%) 

SPECIAL SENSES SYSTEM 
Harderian gland 

Hyperplasia 
(2) 

1 (50%) 

URINARY SYSTEM 
Kidney 

cyst  
Glomerulosclerosis 
Inflammation, acute 
Inflammation, chronic 
Inflammation, chronic active 
Metaplasia, osseous 
Necrosis 
Pigmentation 
Cortex, mineralization 
Glomerulus, inflammation, acute 
Papilla, mineralization 
Papilla, necrosis 
Renal tubule. casta 
Renal tubule. regeneration 

(49) 

1 (2%) 
1 (2%) 
7 (14%) 
1 (2%) 

1 (2%) 
5 (10%) 
5 (10%) 
1 (2%) 

(32) 

3 (9%) 
1 (3%) 
4 (13%) 

1 (3%) 

1 (3%) 
6 (19%) 

2 (6%) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 

11 (22%) 

1 (2%) 
2 (4%) 
5 (10%) 
3 (6%) 
1 (2%) 
1 (2%) 
2 (4%) 
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TABLE El. MUTAGENICITY OF TRIBROMOMETHANE IN SALMONELLA TYPHIMURIUM (a) 

Strain Dose 
W p l a t e )  

~ ~~ 

RevertantdPlate (b) 

Study performed at Case Western Reserve University 

TA100 0 
10 
33 
100 
333 

1.000 
3,333 

Trial summary 
Positive 
control (c) 

TA1535 0 
10 
33 
100 
333 

1,000 
3,333 

Trial summary 
Positive 
control (c) 

TA1537 0 
10 
33 
100 
333 

1,000 
3,333 

Trial summary 
Positive 
control (c) 

TA98 0 
10 
33 
100 
333 

1,000 
3,333 

Trial summary 
Positive 
control (c) 

- 59 
Trial 1 Trial 2 

103 f 4.3 

133 f 15.6 
119 f 12.1 
114 f 13.0 
99 f 10.3 
110 f 11.1 

Negative 

324 f 35.4 

5 f 1.5 

3 f 0.7 
2 f 0.7 
2 f 1.2 
6 f 0.9 
7 f 0.9 

-_ 

_ _  

Negative 

150 f 21.1 

3 f 0.9 

3 f 0.6 
5 f 0.6 
2 f 0.3 
1 f 0.0 
0 f 0.0 

_ _  

Negative 

981 f130.9 

13 f 2.0 

12 f 2.0 
9 f 1.0 
12 f 0.9 
14 f 1.7 
0 f 0.0 

.. 

Negative 

201 f 14.3 

111 f 4.9 
100 f 14.7 
114 f 14.7 
96 f 21.9 
99 f 13.3 
89 f 9.7 -- 
Negative 

265 f 15.2 

4 f 0.6 
2 f 0.7 
2 f 0.3 
2 f 0.0 
2 f 0.3 
4 f 1.0 _ _  

Negative 

51 f 4.4 

3 f 0.6 
2 f 0.9 
3 f 0.3 
3 f 1.2 
3 f 1.0 
1 f 0.3 _ _  

Negative 

129 f 29.1 

11 f 1.0 
10 f 2.9 
11 f 2.1 
10 f 2.5 
9 f 1.3 
12 f 2.0 _ _  
Negative 

t S9 (hamster) 
Trial 1 Trial 2 

122 f 3.2 

145 f 16.6 
162 f 6.7 
148 f 4.4 
95 f 2.4 
0 f 0.0 

_ _  

Negative 

3,187 f 74.2 

6 f 1.2 

5 f 1.5 
5 f 0.9 
6 f 1.0 
6 f 1.5 
3 f 0.3 

_ _  

Negative 

127 f 7.8 

5 f 0.7 

4 f 0.3 
6 f 0.7 
7 f 1.0 
5 f 1.8 
0 f 0.0 

._ 

Negative 

103 f 40.1 

20 f 1.7 

34 f 2.3 
18 k 3.4 
23 f 1.5 
17 k 2.5 
0 f 0.0 

-_ 

Negative 

120 f 11.2 2,530 f 157.8 

122 f 7.8 
137 f 6.9 
150 f 10.7 
148 f 13.7 
139 f 5.9 
56 f 28.7 

-_ 

Negative 

2,762 f 72.8 

3 f 1.5 
3 f 0.9 
2 f 0.3 
3 f 0.3 
2 f 1.0 
2 f 0.7 _ _  

Negative 

30 f 9.4 

5 f 1.5 
4 f 1.2 
5 f 1.2 
5 f 1.2 
5 f 0.9 
5 f 0.3 

-_ 

Negative 

156 f 20.8 

19 f 0.7 
20 & 0.9 
24 f 4.6 
28 f 5.6 
16 f 3.5 
19 f 2.7 _ _  
Negative 

2,006 f 59.5 

t S 9  (rat) 
Trial 1 Trial 2 

140 f 11.5 

157 f 9.5 
182 f 4.5 
162 f 10.9 
139 f 12.9 
0 f 0.0 

_ _  

Negative 

2,153 f 184.9 

5 f 1.7 

4 f 0.6 
8 k 1.8 
7 f 1.2 
9 f 2.0 
0 f 0.0 

-_ 

Negative 

97 f 17.1 

6 f 0.7 

10 f 2.2 
7 f 0.6 
3 f 0.7 
6 f 0.6 
0 f 0.0 

_ _  

Negative 

174 f 17.1 

19 f 1.5 

24 f 1.2 
26 f 3.2 
26 f 1.7 
23 f 1.5 
0 f 0.0 

_ _  

Negative 

1,346 f 101.3 

126 f 7.6 
133 f 11.3 
135 ? 7.4 
170 f 12.9 
155 f 10.0 
113 f 7.3 _ _  

Negative 

2,079 f 73.7 

4 ? 1.0 
4 k 1.5 
3 k 0.3 
5 k 0.7 
7 k 1.2 
7 f 1.5 

-_ 

Negative 

29 f 8.0 

5 f 0.3 
6 f 1.2 
8 k 0.3 
5 k 0.7 
4 f 0.7 
2 f 1.5 _ _  

Negative 

220 f 9.0 

19 f 0.9 
20 k 2.6 
21 f 1.5 
20 f 4.1 
23 f 3.0 
21 f 3.4 _ _  
Negative 

1,258 f 107.3 
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TABLE E l .  MUTAGENICITY OF TRIBROMOMETHANE IN SALMONELLA TYPHlMURlUM (Continued) 
~~~ ~~ ~ 

Strain Dose RevertantsIPlate (b) 
(pdplate) 

Study performed at EGLG Mason Research Institute 

- 59 
Trial 1 Trial 2 Trial 3 Trial 4 

TA100 0 
10 
33 
100 
300 
333 
400 
450 
500 
550 
600 
650 
666 
700 
750 
900 

1,000 

Trial summary 
Positive 
control (c) 

TA100 0 
10 
33 
100 
333 
666 

1,000 

Trial summary 
Positive 
control (c) 

TA1535 0 
10 
33 
100 
333 
666 

Trial summary 
Positive 

115 f 5.9 
108 f 6.4 
115 f 10.5 
117 f 10.7 

126 f 13.2 
_ _  
_ _  _ _  
-_ _ _  _ _  _ _  

157 f 3.0 ._ _ _  
-- 
.- 

Equivocal 

1,460 f 28.2 

80 f 2.0 115 C 3.8 
75 f 2.3 _ _  
81 f 4.3 _ _  
82 f 1.5 110 k 5.0 

_- 129 f 8.7 
113 f 5.5 _ _  _ _  _ _  

Weakly positive Negative 

1,613 f 98.1 1,526 f 7.7 

+S9 (hamster) 
Trial 1 Trial 2 

93 f 6.7 110 f 12.3 
97 k 4.9 122 f 2.6 
98 2 11.6 100 f 7.0 
109 f 4.3 82 f 4.6 
105 f 7.0 120 f 7.1 
94 k 6.1 128 f 3.5 _ _  (d)79 f 6.4 

Negative Negative 

1,332 f 33.3 1,880 f 127.3 

- 59 
Trial 1 Trial 2 

22 -L 4.2 17 C 4.2 
21 5 2.0 15 f 3.3 
25 f 1.9 14 f 2.2 
22 k 1.5 16 f 2.9 
22 f 1.2 17 f 0.7 
25 k 3.3 22 f 1.5 

Negative Negative 

147 f 8.4 -- 
_. _ _  

151 f 4.4 

167 f 6.2 
152 f 2.9 
171 f 3.3 
160 f 3.8 

(d)167 f 7.2 
(d)171 f 6.3 

(d)99 C 44.9 

.. 

_ _  
-_ 
-- _ _  

Negative 

2,812 f 107.6 

t S9 (rat) 
Trial 1 Trial 2 

109 f 6.8 110 f 6.8 
116 k 4.7 78 f 4.4 
107 f 8.2 79 f 6.4 
103 f 2.6 79 f 5.5 
105 f 9.2 82 C 2.6 
107 f 4.9 81 f 4.3 

.- (d)62 f 11.4 

Negative Negative 

1,087 f 25.1 1,061 f162.9 

+ S9 (hamster) tS9  (rat) 
Trial 1 Trial 2 Trial 1 Trial 2 

8 f 0.0 12 f 3.4 11 f 2.2 9 f 1.9 
11 f 3.0 11 f 0.0 10 f 1.2 9 f 1.2 

13 f 0.3 6 f 0.3 8 f 1.5 12 f 1.5 
12 f 0.7 12 f 0.6 11 f 3.5 9 f 3.5 
11 f 1.2 10 f 3.2 10 f 3.5 9 f 1.7 
11 f 1.0 15 f 3.5 12 k 1.5 13 f 2.3 

Negative Negative Negative Negative 

control (c) 1,101 f 37.5 1,087 f 22.0 122 f 7.1 165 f 9.4 62 f 4.7 54 5 4.1 
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TABLE El .  MUTAGENICITY OF TRIBROMOMETHANE IN SALMONELLA TYPHlMURlUM (Continued) 

Strain Dose 
(pdplate) 

RevertantsPlate  (b) 

Study performed a t  EG&G Mason Research Institute (Continued) 

- s9 + 59 (hamster) +S9 (rat) 
Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

TA1537 0 
10 
33 

100 
333 
666 

Trial summary 
Positive 
control (c) 

TA98 0 
10 
33 

100 
300 
333 
400 
450 
500 
550 
600 
650 
666 
700 
750 
900 

Trial summary 
Positive 
control (c) 

TA98 0 
10 
33 

100 
333 
666 

Trial summary 
Positive 
control (c) 

7 f 3.2 8 f 2.1 9 f 1.5 7 f 0.7 10 f 1.9 10 f 2.2 
8 f 1.7 4 f 0.9 9 f 0.9 11 f 2.6 9 f 1.9 9 f 1.7 

6 f 0.9 7 f 1.8 9 f 3.5 9 f 3.4 6 f 3.0 10 f 3.0 
5 k 1.2 7 f 0.7 10 f 1.5 8 f 1.9 8 f 1.3 9 f 0.3 

8 f 1.7 7 f 1.2 7 f 1.7 10 f 1.5 10 f 3.2 12 f 0.7 
8 f 2.7 7 f 1.0 10 f 0.0 11 f 1.5 12 f 3.2 10 f 1.9 

Negative Negative Negative Negative Negative Negative 

460 f 23.3 385 f 93.8 149 f 15.2 250 f 23.7 78 f 4.0 174 f 10.4 

- s9 
Trial 1 Trial 2 Trial 3 Trial 4 

20 +- 1.2 15 f 1.0 
21 +_ 2.3 17 f 1.8 
20 f 1.2 20 f 1.2 
20 f 2.3 17 f 2.6 

Negative Negative 

1,925 f 37.3 1,610 f 25.0 

+ S9 (hamster) 
Trial 1 Trial 2 

32 f 1.5 28 f 0.9 
29 f 1.3 24 f 1.9 
34 f 1.2 29 k 4.4 
32 f 5.7 33 f 1.5 
36 f 2.6 32 f 1.2 
39 k 2.6 27 f 2.7 

Negative Negative 

1,878 f 18.9 2,291 f 63.1 

Tribromomethane, NTP TR 350 

23 f 2.9 -_ _ _  _ _  
24 f 2.0 

25 f 2.8 
23 f 2.1 
32 f 1.3 
27 f 3.4 
25 f 4.4 

(d)21 f 1.0 

( d ) l l  f 4.8 

_ _  

_ _  
-_ _ _  

Negative Negative 

1,926 k 41.2 1,986 f 52.0 

+S9 (rat) 
Trial 1 Trial 2 

34 f 2.9 25 f 3.3 
36 k 0.6 30 f 3.2 
36 f 0.7 25 f 2.6 
34 f 4.2 27 f 2.6 
31 f 1.8 19 f 2.6 
29 f 4.9 32 f 5.2 

Negative Negative 

1,256 f 16.3 1,555 f 34.7 
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TABLE El .  MUTAGENICITY OF TRIBROMOMETHANE IN SALMONELLA TYPHlMURlUM (Continued) 

Strain Dose 
(pglplate) 

RevertantsPlate (b) 

Study performed a t  SRI International 

- 59 
Trial 1 Trial 2 

TAlOO 0 114 f 7.3 100 f 4.9 
10 _. 122 f 10.8 
33 89 f 12.7 118 f 10.1 

100 87 f 3.3 90 f 5.5 
333 99 f 2.2 122 f 14.4 

1,000 66 f 2.6 76 f 1.8 
1,666 (d)O f 0.0 _ _  
3,333 _ _  _ _  
6,666 _- -. 

Trial summary Negative Negative 
Positive 
control (c) 530 f 25.2 497 f 38.9 

TA1535 0 13 f 3.2 21 f 2.0 
lo  -- 20 k 2.3 
33 17 f 2.3 23 f 3.5 

100 24 f 2.6 22 f 2.5 
333 11 f 4.7 18 f 1.5 

1,000 10 f 2.7 14 f 1.5 
1,666 ( d ) 2  f 1.5 -_ 
3,333 _- -_ 
6,666 -- -_ 

Trial summary 
Positive 
control (c) 

TA1537 0 
10 
33 

100 
333 

1,000 
1,666 
3,333 
6,666 

Negative 

267 f 4.7 

7 f 3.2 

10 f 2.9 
7 f 2.0 
5 f 1.2 
7 f 1.2 

( d ) l  f 1.3 

-_ 

_ _  
_- 

Negative 

332 f 14.2 

15 f 2.6 
7 f 2.8 
8 f 1.0 
9 f 0.9 
8 f 0.9 
4 f 1.5 _ _  

Trial summary Negative Negative 
Positive 
control (c) 301 f 29.2 376 f 62.4 

TA97 0 
10 
33 

100 
333 

1,000 
1,666 
3,333 
6,666 

132 f 10.7 157 f 13.8 
_- 155 f 9.0 

147 f 4.5 164 f 12.8 
132 f 8.6 180 f 8.7 
149 f 2.0 175 f 5.9 
107 f 0.9 165 f 5.0 

(d)7 f 7.3 _ _  _ _  -_ 

Trial summary Negative Negative 
Positive 
control (c) 499 f 49.7 986 * 88.5 

+ S9 (hamster) 
10% 30% 

128 f 9.7 121 f 9.0 

125 f 4.0 .- 
140 f 14.5 128 f 15.9 
140 f 13.0 127 f 5.2 
139 f 8.1 122 f 9.7 

122 f 5.0 112 f 8.4 _ _  (dl110 f 10.0 

-- -_ 

_. _- 

Negative Negative 

458 f 84.4 238 f 17.8 

12 f 2.0 

9 f 0.6 
10 f 0.3 
13 f 1.5 
13 f 1.0 

9 f 0.6 

_ _  

-. 
-_ 

11 f 2.0 

10 f 1.9 
12 f 0.9 
13 f 3.7 

13 f 1.5 
8 f 0.6 

_ _  
-_ 

-- 

Negative Negative 

168 f 20.4 310 k 24.2 

9 f 1.2 13 f 2.5 

9 f 2.8 -_ 
-_ .- 

10 f 0.9 13 f 0.6 
10 f 1.2 10 f 1.9 
8 f 2.0 8 -+ 0.7 

7 f 0.9 7 f 0.6 .- ( d ) l l  f 1.0 

.- -_ 

Negative Negative 

50 f 2.9 49 f 2.8 

152 f 4.1 166 k 15.3 

202 f 3.7 _ _  
191 f 3.2 175 f 3.8 
199 f 4.0 212 f 7.1 
209 f 0.9 196 f 16.3 

177 f 14.1 195 f 4.1 _ _  (d)192 f 17.7 

_ _  _ _  

_ _  .- 

Equivocal Equivocal 

613 f 20.5 396 f 6.8 

t 59 (rat) 
10% 30% 

104 f 

107 f 
112 f 
116 f 
130 f 

92 f 

_ _  

_ _  

10.7 130 f 6.0 
_- 

3.2 _- 
10.2 135 f 4.6 
3.2 145 f 11.4 

11.0 114 f 12.3 

4.3 90 f 9.6 
(dl66 f 1.7 

_ _  

Negative Negative 

339 f 69.0 413 f 11.3 

10 f 1.5 12 f 2.3 _ _  _ _  
8 f 0.3 _ _  
8 f 2.5 17 f 1.0 

11 f 1.5 12 f 2.6 
6 f 0.6 15 f 0.7 

8 f 1.2 13 f 2.3 
-_ (d)12 f 1.9 

_ _  _ _  

Negative Negative 

198 k 10.7 100 f 0.9 

9 f 2.3 9 f 3.1 

8 f 0.9 -- 
9 f 1.2 7 f 1.2 
7 f 1.5 5 f: 1.2 

6 f 1.5 7 f 1.2 

7 f 1.3 6 f 0.9 
-_  (d)5 f 2.7 

_. -- 

-- -- 

Negative Negative 

43 f 2.8 56 f 4.2 

140 f 1.8 194 f 35.3 

168 f 13.8 _ _  
175 f 11.5 205 f 6.4 
191 f 2.1 213 f 8.3 
182 f 11.1 179 f 16.2 

191 f 11.2 (d)184 f 11.0 
._ (d) 103 f 51.7 

.- _ _  

_ _  _ _  

Equivocal Negative 

498 f 3.9 440 f 6.9 
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TABLE E l .  MUTAGENICITY OF TRIBROMOMETHANE IN SALMONELU TYPHlMURlUM (Continued) 
~ 

Strain Dose 
(pg/plate) 

RevertanWPlate (b) 

Study performed at SRI International (Continued) 

- 59 
Trial 1 Trial  2 

+S9 (hameter) 
5% 10% 10% 30% 30% 30% 

TA98 0 
10 
33 

100 
333 

1,000 
1,666 
3,333 
6,666 

26 f 0.7 

22 f 1.7 
23 k 3.6 
19 f 2.0 
12 f 2.4 
Toxic 

-_ 
23 f 2.0 33 f 4.5 29 f 0.3 32 f 0.9 26 f 1.5 22 f 3.3 33 f 4.6 
17 f 0.3 _ _  _ _  _ _  _ _  _ _  29 f 4.3 
19 f 0.9 _ _  32 f 2.6 .. _ _  _ _  25 f 2.8 
19 f 2.9 38 f 5.2 34 f 7.5 29 f 2.1 32 f 4.1 39 f 0.3 25 k 4.0 
20 f 3.4 35 f 1.2 30 f 6.7 38 f 1.0 33 f 1.5 40 f 1.9 29 f 3.5 
11 f 1.3 32 f 3.5 37 f 2.8 34 f 3.3 39 f 6.1 41 f 4.2 30 f 1.7 _ _  _ _  _ _  _ _  _ _  .- 34 f 2.2 _ _  44 f 3.0 31 f 5.2 40 f 2.0 50 f 3.1 40 f 4.0 33 f 1.5 

-- (d)29 f 1.3 (d) 27 f 4.5 (d) 51 f 7.3 (d) 49 f 2.2 (d) 29 f 2.5 -- 
Trial summary Negative Negative Negative Negative Negative Equivocal Equivocal Negative 
Positive 
control (c) 449 f 16.4 675 f 40.9 729 f 26.5 384 f 45.2 381 f 24.7 69 f 3.9 284 f 5.2 233 f 30.5 

tS9 (rat) 
10% 30% 

TA98 0 29 f 2.3 38 f 3.5 

100 31 f 2.9 30 f 4.5 
333 27 k 1.5 33 f 3.3 

1,000 34 f 1.0 33 f 6.4 
3,333 (d) 18 f 4.2 33 f 3.5 

33 32 f 1.0 _ _  

6,666 -- (d)20 f 0.0 

Trial summary Negative Negative 
Positive 
control (c) 318 k 33.8 64 f 2.0 

(a) The detailed protocol is presented by Haworth et al. (1983). Cells and study compound or solvent (dimethyl sulfoxide) were 
incubated in the absence of exogenous metabolic activation (-S9) or with Aroclor 1254-induced S9 from male Syrian hamster 
liver or male Sprague Dawley rat liver. High dose was limited by toxicity or solubility but did not exceed 10 mg/plate; 0 
pg/plate dose is the solvent control. 
(b) Revertants are presented as mean f standard error from three plates. 
(c) Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 
4-nitro-o-phenylenediamine was used with TA98, sodium azide was used with TA100 and TA1535, and 9-aminoacridine was 
used with TA1537 and TA97. 
(d) Slight toxicity 
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TABLE EB. MUTAGENICITY OF TRIBROMOMETHANE IN MOUSE L5178Y LYMPHOMA CELLS (a,b) 

Cloning Relative Tft- Mutant 
Compound Concentration Emciency Total Growth Resistant Fraction (c) 

(nVml) (percent) (percent) Cells 

- 88 

Trial 1 

Ethanol (d) 

Tribromomethane 

Methyl methaneeulfonate 

Trial B 

Ethanol (d) 

Tribromomethane 

50 
75 

100 
150 
200 
250 
300 

5 re/ml 

25 
50 

100 
175 

(0 200 
(8) 250 

300 

Methyl methanesulfonate 5 pg/ml 

Trial 3 

Ethanol (d) 

Tribromomethane 100 
150 

(h) 175 
200 
225 

(0 250 
300 

Methyl methanesulfonate (h) 5 @ml 

t 88 (i) 

Trial 1 

Ethanol (d) 

Tribromomethane 6.25 
12.5 
25 
50 

Methylcholanthrene (h) 2.5 pg/ml 

63.5 f 1.8 

93.0 f 6.5 
76.7 f 8.6 
93.7 f 14.5 
78.3 f 5.8 
86.7 f 4.2 
67.0 f 7.4 

Lethal 

84.0 f 6.0 

70.3 f 4.1 

71.7 f 3.0 
68.0 f 0.6 
77.0 f 4.6 
66.7 f 5.0 
78.0 f 10.0 
60 

Lethal 

62.7 f 3.9 

86.0 f 5.6 

84.0 f 11.4 
83.7 f 2.0 

78.0 f 2.3 

63.0 f 0.0 
82.7 f 4.2 

71.5 f 8.5 
Lethal 

48.5 f 2.5 

59.0 f 4.9 

56.3 f 2.2 
61.3 f 6.2 
52.3 f 4.9 

Lethal 

27.5 f 9.5 

100.3 f 6.2 

133.3 k 17.6 
128.0 f 10.4 
108.3 f 2.9 
99.3 f 11.2 
78.3 f 3.3 
47.3 f 23.1 _ _  
94.3 f 6.2 

100.0 f 9.8 

112.0 f 6.7 
122.7 f 14.9 
99.0 f 1.0 
35.3 f 6.7 
42.0 k 10.0 
21 

-_ 

66.7 f 15.4 

100.3 +, 4.3 

49.0 f 5.5 
41.3 k 3.9 
23.0 f 6.0 
17.3 f 1.5 
12.3 f 2.2 
7.0 f 2.0 

-_ 

43.0 f 5.0 

100.3 f 13.3 

54.0 f 3.1 
27.7 f 1.3 
10.0 f 0.6 _ _  
4.0 f 2.0 

101.5 f 5.0 

72.0 f 15.7 
75.3 f 10.1 

105.3 f 4.3 
108.3 f 6.5 
112.0 f 6.4 
157.3 f 35.8 ._ 

685.0 f 18.5 

86.0 f 7.9 

86.3 It 17.7 
88.3 f 6.9 

108.7 f 3.4 
201.0 f 19.1 
183.5 f 5.5 
174 _ _  
428.7 -+ 9.4 

67.5 f 3.2 

83.3 f 10.4 
61.7 f 15.6 
64.5 f 7.5 

133.7 f 5.7 
105.3 f 28.7 
74.0 f 52.0 _ _  

287.5 k 37.5 

53.5 f 3.4 

25.3 f 3.8 
34.0 f 7.0 
39.3 k 5.8 
46.7 f 4.4 
43.3 f 4.1 

(e)84.7 f 28.8 _ _  
(e)274.7 f 14.9 

40.5 f 1.4 

39.7 f 6.5 
43.3 f 3.5 
47.3 f 1.8 

(e) 101.3 f 6.7 
(e)79.0 f 8.0 

97 _ _  
(e)228.7 f 10.7 

26.5 f 1.6 

33.3 f 2.7 
25.0 f 6.4 
34.0 f 4.0 

(e)54.0 k 4.0 
(e)45.3 f 13.1 

32.0 f 20.0 _ _  

(e) 196.0 f 15.0 

171.0 f 8.9 97.8 f 4.7 

213.3 f 17.9 126.7 f 9.0 
242.3 f 19.1 133.0 f 10.3 
231.7 f 20.4 (e)148.7 f 11.2 

526.5 f 90.5 (e) 688.0 f 135.0 

_ _  _ _  

175 Tribromomethane, NTP TR 350 



TABLE Ea. MUTAGENICITY O F  TRIBROMOMETHANE IN MOUSE L5178Y LYMPHOMA CELLS h b )  
(Continued) 

Cloning Relative Tft- Mutant 
Compound Concentration Efficiency Total Growth Resistant Fraction (c) 

(nYmI) (percent) (percent) Cells 

+ 59 (Continued) 

Trial 2 

Ethanol (d) 

Tribromomethane 

85.3 f 2.8 100.0 f 5.1 

2.5 68.3 f 4.2 70.0 f 7.5 
5 72.3 f: 4.9 47.7 f 2.7 

10 56.7 f 3.8 26.7 f 2.0 
(0 20 58.0 f 3.0 13.0 f 1.0 

25 59.0 f 6.0 6.7 * 1.7 
(0 30 66.0 f: 5.0 7.5 f 2.5 

Methylcholanthrene 2.5 pg/ml 38.7 f 4.8 16.0 f 4.0 

203.3 f 13.0 

122.7 f 9.3 
146.0 f 20.7 
185.0 f 35.8 
210.0 f 37.0 
207.7 & 17.0 
220.5 f 16.5 

850.0 f121.4 

79.5 f 4.0 

60.3 f 5.9 
68.3 f 11.1 

108.0 f 13.0 
122.5 f 27.5 

(e) 121.7 f 22.6 
113.0 & 17.0 

(e)736.0 f 64.9 

(a) Study performed a t  Litton Bionetics, Inc. The experimental protocol is presented in detail by Myhr et  al. (1985) and follows 
the basic format of Clive et  al. (1979). The highest dose of study compound is determined by solubility or toxicity and may not 
exceed 5 mg/ml. All doses are tested in triplicate; the average for the three testa is presented in the table. Cells (6 X 105/ml) 
were treated for 4 hours at 37" C in medium, washed, resuspended in medium, and incubated for 48 hours at 37' C. After ex- 
pression, 3 X 106cells were plated in medium and soft agar supplemented with trifluorothymidine (TR) for selection of Tft-re- 
sistant cells, and 600 cells were plated in nonselective medium and soft agar to determine the cloning efficiency. 
(b) Mean f standard error from replicate trials of approximately 1 x 106 cells each. All data are evaluated statistically for 
both trend and peak response (P<0.05 for a t  least one of the three highest dose seta). Both responses must be significantly 
(P<0.05) positive for a chemical to be considered capable of inducing Tft resistance. If only one ofthese responses is significant, 
the call is "equivocal"; the absence ofboth trend and peak response results in a "negative" call. 
(c) Mutant fraction (frequency) is a ratio of the TR-resistant cells to the cloning efficiency. divided by 3 (to arrive at MF per 1 X 
106 cells treated); MF = mutant fraction. 
(d) Data presented are the average offour testa. 
(e) Significant positive response; occurs when the relative mutant fraction (average MF of treated culturejaverage MF of sol- 
vent control) is greater than or equal to 1.6. 
(0 Data presented are the average oftwo testa. The dose in one test was lethal. 
(g) Data presented are for one test. The dose in two testa was lethal. 
(h) Data presented are the average of two tests. 
(i) Testa conducted with metabolic activation were performed as described in (a) except that S9, prepared from the liver of Aro- 
clor 1254-induced F344 rats, was added at the same time as the study chemical and/or solvent. 
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TABLE E3. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY TRIBROMOMETHANE (a) 

No. of SCEs/ Relative 
Total Chromo- No. of Chromo- SCEs/ Hours  SCEs/Cell 

Compound Dose Cells somes SCEs some Cell in  BrdU (percent) 
W m l )  (b) 

Study performed at Columbia University 

-59 (c) Summary: Negative 
Dimethyl sulfoxide 50 1,045 459 0.44 9.2 26 _ _  
Tribromomethane 16 50 1,048 496 0.47 9.9 26.0 107.6 

50 50 1,049 500 0.48 10.0 26.0 108.7 
160 50 1,051 514 0.49 10.3 26.0 112.0 

Triethylenemelamine 0.015 50 1,044 1,781 1.71 35.6 26.0 387.0 

+SS (d) Summary: Negative 

Dimethyl sulfoxide 

Tribromomethane 

Cyclophosphamide 

Study performed a t  

50 1,048 431 0.41 8.6 26.0 _ _  
50 50 1,049 46 1 0.44 9.2 26.0 107.0 

160 50 1,049 498 0.47 10.0 26.0 116.3 
500 50 1,049 493 0.47 9.9 26.0 115.1 

1 50 1,049 1,165 1.11 23.3 26.0 270.9 

Litton Bionetics, Inc. 

- SS (c) Summary: Weakly positive 

Dimethyl sulfoxide 50 1,039 427 0.41 8.5 25.5 -- 
Tribromomethane 29 50 1,034 470 0.45 9.4 25.5 110.6 

96.8 50 1,035 499 0.48 10.0 25.5 117.6 
290 50 1,030 528 0.51 10.6 25.5 124.7 

Triethylenemelamine 0.015 50 1,021 3,071 3.01 61.4 25.5 722.4 

+SS (d) Summary: Negative 
Dimethyl sulfoxide 50 1,004 441 0.44 8.8 25.5 _ _  
Tribromomethane 96.8 50 1,025 497 0.48 9.9 25.5 112.5 

290 50 1,020 454 0.45 9.1 (ej30.5 103.4 
968 50 1,027 53 1 0.52 10.6 (e)30.5 120.5 

Cyclophosphamide 1.5 50 1,035 1,629 1.57 32.6 25.5 370.5 

(a) SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed description of the SCE protocol is presented by 
Galloway et al. (1986). Briefly, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sul- 
foxide) as described in (c) or (d) below and cultured for suflticient time to reach second metaphase division. Cells were then col- 
lected by mitotic shake-off, fixed, air-dried, and stained. 
(b) SCEs/cell in treated culture expressed as a percent of the SCEs/cell in the control culture 
(c) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sulfoxide) for 2 
hours at 37'C. Then BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing 
BrdU and colcemid was added, and incubation was continued for 2-3 hours. 
(d) In the presence of S9, cells were incubated with study compound or solvent (dimethyl sulfoxide) for 2 hours at 37' C. Then 
cells were washed, and medium containing BrdU was added. Cells were incubated for a further 26 hours, with colcemid 
present for the final 2-3 hours. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
(e) Because some chemicals induce a delay in the cell division cycle, harvest times are occasionally extended to maximize the 
proportion of second division cells available for analysis. 
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TABLE E4. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY TRIBROMOMETHANE (a) 

-59 (b) ts9 (c) 
Dose Total No. of Absi Percent Dose Total No. of Absl Percent 

Cells (pg/ml) Cells Abs Cell Cells 
with Abs with Abs 

(pg/ml) Cells Abs Cell 

Study performed at Columbia University (d) 

Dimethyl sulfoxide 
100 3 0.03 

Tribromomethane 
50 100 2 0.02 

160 100 1 0.01 
500 100 0 0.00 

1,600 100 6 0.06 

Summary: Negative 

Triethylenemelamine 
0.15 100 34 0.34 

Study performed at Litton Bionetics, Inc. (e) 

Dimethyl sulfoxide 
100 0 0.00 
100 2 0.02 

Tribromomethane 
266 100 2 0.02 
532 100 2 0.02 

1,070 100 6 0.06 

Summary: Weakly positive 

Triethylenemelamine 
1 100 37 0.37 

3.0 

2.0 
1 .o 
0.0 
6.0 

25.0 

0.0 
2.0 

2.0 
2.0 
6.0 

28.0 

Dimethyl sulfoxide 
100 

Tribromomethane 
160 100 
500 100 

1,600 100 

Summary: Negative 

Cyclophosphamide 
15 100 

Dimethyl sulfoxide 
100 
100 

Tribromomethane 
266 100 
532 100 

1,070 100 

Summary: Negative 

Cyclophosphamide 
25 100 

3 

4 
3 
0 

57 

0 
0 

1 
2 
1 

18 

0.03 3.0 

0.04 3.0 
0.03 3.0 
0.00 0.0 

0.57 32.0 

0.00 0.0 
0.00 0.0 

0.01 1 .o 
0.02 2.0 
0.01 1 .o 

0.18 17.0 

(a) Abs = aberrations. A detailed presentation of the technique for detecting chromosomal aberrations is presented by Gallo- 
way et  al. (1985). Briefly, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sulfoxide) as 
indicated in (b) or (c). Cells were arrested in first metaphase by addition of colcemid and harvested by mitotic shake-off, fixed, 
and stained in 6% Giemsa. 
(b) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sulfoxide) for 8- 
10 hours at 37" C. Cells were then washed, and fresh medium containing colcemid was added for an additional 2-3 hours fol- 
lowed by harvest. 
(c) In the presence of S9, cells were incubated with study compound or solvent (dimethyl sulfoxide) for 2 hours a t  37" C. Cells 
were then washed, medium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3 hours 
of incubation before harvest. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
(d) Harvest time, 14.0 hours 
(e) Harvest time, 10.5 hours 
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TABLE E5. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA BY 
TRIBROMOMETHANE (a) 

Route of Incidence of Incidence of No. of Lethalsmo. of X Chromosomes Tested Overall 
Exposure Dose Deaths Sterility Mating 1 Mating 2 Mating 3 Total 

(ppm) (percent) (percent) (b) 

Injection 1,000 11  18 
0 

2/2,027 0/2,009 0/1,650 2/6,686 (0.04%) 
011,791 2/1,666 4/1,602 6/6,058 (0.12%) 

Feeding 3,000 31 4 3/2,212 2D.139 5/1,809 10/6,160 (0.16%) 
3/5,603 (0.06%) 0 111,972 111,843 1/1,788 

(a) Study performed a t  University of Wisconsin, Madison. A detailed protocol of the sex-linked recessive lethal assay is pre- 
sented in Zimmering et  al. (1985). (Exposure by feeding was done by allowing 24-hour-old Canton-S males to feed for 3 days on 
a solution of the study chemical dissolved in 5% sucrose. In the injection experiments, 24-hour-old Canton-S males were treated 
with a solution of the chemical dissolved in 0.7% saline and allowed 24 hours to recover.) Exposed males were mated to three 
Basc females for 3 days and given fresh females at 2-day intervalsto produce three broods of 3,2, and 2 days; sample sperm from 
successive matings were treated as spermatozoa (mating 1). spermatids (mating 2), and spermatocytes (mating 3). F, 
heterozygous females were crossed to their siblings and placed in individual vials, F1 daughters from the same parental male 
were kept together to identfy clusters; no clusters were found. After 17 days, presumptive lethal mutations were identified as  
vials containing no wild-type males; these were retested. Results were significant at the 6% level (Margolin e t  al., 1983). 
(b) Combined total of number of lethal mutationdnumber of X chromosomes tested for three mating trials 

TABLE E8. INDUCTION OF RECIPROCAL TRANSLOCATIONS IN DROSOPHILA BY 
TRIBROMOMETHANE (a) 

Transfers Total Total No. Total Trans- 
Route of Dose Translocationsmotal Fl Tested No. of of Trans- locations 
Exposure (ppm) 1 2 3 4 5 6 Tests locations (percent) 

Feeding 3,000 0/1,154 0/1,168 0/1,163 011,123 0/666 0/116 5,380 0 0 

Historical 
control 0 0127,245 0/31,611 0/22,410 2123,623 0/10,506 OR68 116,163 2 0.0017 

(a) Study performed at University of Wisconsin, Madison. A detailed protocol of the reciprocal translocation assay is presented 
in Zimmering et  al. (1985). Exposed males were mated to three bw;e females for 3 days and discarded. The females were trans- 
ferred to fresh medium every 3-4 days to produce a total of six cultures, and then they were discarded. In this manner, sample 
sperm from successive cultures were stored for increasing lengths of time. Individual F, males were backcrossed to bw;e fe- 
males, and the F2 were screened for pseudolinkage. This procedure allows the recovery of translocations involving the Y, 
second, or third chromosomes in any combination. Presumptive translocations were retested. Results were not significant a t  
the 5% level (Kastenbaum and Bowman, 1970). 
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TABLE E?. INDUCTION OF SISTER CHROMATID EXCHANGES IN MOUSE BONE MARROW CELLS BY 
TRIBROMOMETHANE (a) 

Compound Dose (mg/ml) Mean SCEs/Cell (b) P Value (c) 

Trial 1 

Corn oil 

Tribromomethane (d) 

Dimethylbenzanthracene (e) 

Trial B 

Corn oil 

Tribromomethane 

Dimethylbenzanthracene (e) 

200 
400 
800 

2.5 

800 

2.5 

4.4 f 0.24 

4.9 f 0.48 
7.0 f 1.45 
8.2 f 0.94 

11.7 f 0.5 

4.5 f 0.60 

6.1 f 0.62 

8.1 f 0.61 

0.0120 

0.0001 

0.0488 

0.0027 

(a) Study performed at Brookhaven National Laboratory. Doses are determined by the solubility of the chemical, ita lethality 
in the animals, and/or cell cycle delay induced by chemical exposure. A range-finding study was performed to determine the ap- 
propriate dosing regimen. Based on animal mortality, the maximum dose was set at 800 mg/kg. Male B6C3F1 mice (five ani- 
mals per dose group) were given a n  intraperitoneal injection of tribromomethane in corn oil (injection volume: 0.4 ml). Solvent 
control mice received an injection of corn oil only. The positive control mice received a n  injection of 2.5 mg/kg dimethyl- 
benzanthracene. Twenty-four hours prior to tissue sampling, the mice were subcutaneously implanted with a 50-mg bromode- 
oxyuridine tablet (McFee et  al., 1983), and 2 hours prior to being killed, the mice received an intraperitoneal injection of 2 
mg/kg colchicine (in saline). Thirty-six (trial 1) or 42 (trial 2) hoursafhr chemical exposure, the animals were killed by cervical 
dislocation. One or both femurs were removed, and the marrow was flushed out with 5 ml phosphate-buffered saline (pH 7.0). 
The cells were treated with a hypotonic salt solution, fixed, and dropped onto chilled slides. After a 24-hour drying period, the 
slides were stained by the fluorescence-plus-Giemsa method and scored. Twenty-five second-division metaphase cells were 
scored from each offour animals per treatment. 
(b) Mean f standard error of the mean; SCE = sister chromatid exchange. 
(c) Pairwise comparison between dose group and solvent control group conducted with Student's one-tailed t-test. 
(d) Trend P value = 0.0018 by a one-tailed trend test used to determine ifdose-related increase is present (Margolin e t  al., 1986) 
(e) Positive control 
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TABLE E8. INDUCTION OF CHROMOSOMAL ABERRATIONS IN MOUSE BONE MARROW CELLS BY 
TRIBROMOMETHANE (a) 

Compound Dose ( m a g )  Aberrations/Cell (b) Damaged Cells (b) 
(percent) 

Corn oil 

Tribromomethane (c) 200 
400 
800 

Trend P value (d) 

Dimethylbenzanthracene (e) 100 

0.01 f 0.005 

0.02 f 0.008 
0.03 f: 0.012 
0.02 f 0.009 

0.2846 

0.48 f 0.140 

1.00 f 0.535 

2.29 f 0.808 
3.25 f 1.250 
2.00 f 0.926 

0.2486 

18.00 f 2.976 

(a) Study performed at Brookhaven National Laboratory. Doses are determined by the solubility of the chemical, its lethality 
in animals, and/or cell cycle delay induced by chemical exposure. A range-finding study was performed to determine the appro- 
priate dosing regimen. Based on animal mortality, the maximum dose was set at 800 mgkg. Male B6C3F1 mice (10 animals 
per dose group) were given a n  intraperitoneal injection of tribromomethane in corn oil (injection volume: 0.4 ml). Solvent con- 
trol mice received an injection of corn oil only. The positive control mice received a n  injection of 100 mg/kg dimethyl- 
benzanthracene. Twenty-four hours later, the mice were subcutaneously implanted with a 50-mg bromodeoxyuridine (BrdU) 
tablet (McFee et  al., 1983). BrdU was used to allow selection ofthe appropriate cell population for scoring. (Chemically induced 
chromosomal aberrations are present in maximum number at the first metaphase after exposure; they decline in number 
during subsequent nuclear divisions due to cell death.) Two hours before being killed, the mice received a n  intraperitoneal in- 
jection of 2 mg/kg colchicine (in saline). Thirty-six hours after chemical exposure (12 hours after BrdU dosing), the animals 
were killed by cervical dislocation. One or both femurs were removed, and the marrow was flushed out with 5 ml phosphate- 
buffered saline (pH 7.0). Cells were treated with a hypotonic salt solution, fixed, and dropped onto chilled slides. Following a 
24-hour d o i n g  period, the slides were stained and scored. Fifty first-division metaphase cells were scored from each of eight 
animals per treatment (unless otherwise specified). Responses were evaluated as  the percentage of aberrant metaphase cells, 
excluding gaps. The number of aberrations per cell (excluding gaps) was also analyzed to provide information on the extent of 
individual cell damage. 
(b) Mean f standard error ofthe mean 
(c) Number of animals: 7 
(d) One-tailed trend test used to determine if dose-related increase is present (Margolin e t  al., 1986) 
(e) Positive control 
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TABLE E9. INCIDENCE O F  MICRONUCLEI IN BONE MARROW POLYCHROMATIC ERYTHROCYTES O F  
B6C3F1 MICE EXPOSED TO TRIBROMOMETHANE (a) 

Dose 
(mgflrg) 

Micronucleated PCEsl Number of Animals P Value 
1,000 Cells (b) 

Tribromomethane 
0 

200 
400 
800 

Dimethylbenzanthracene (d) 
100 

2.60 f 0.427 
2.90 f 0.482 
3.10 f 0.482 
4.40 f 0.748 

31.50 ?r 3.291 

10 
10 
10 
10 

10 

(c) 0.0095 

(e) 0.0001 

(a) PCE = polychromatic erythrocyte. Doses are determined by solubility of the chemical and animal lethality and/or cell cycle 
delay induced by chemical exposure. Male mice were injected intraperitoneally with tribromomethane dissolved in corn oil 
twice at 24-hour intervals. Vehicle control mice received injections of corn oil only. The positive control mice received injec- 
tions of dimethylbenzanthracene. Twenty-four hours after the second injection, mice were killed by cervical dislocation, and 
smears were prepared of the bone marrow cells obtained from the femurs. Air-dried smears were fixed and stained; 1,000 poly- 
chromatic erythrocytes were scored for frequency of micronuclei in each of 10 animals per dose group. 
(b) Mean f standard error of the mean of the pooled results from all animals scored within a dose group 
(c) One-tailed trend test used to determine if treatment-related increase is present (Margolin e t  al., 1986) 
(d) Positive control 
(e) Paimise comparison between dose group and corresponding solvent control group conducted with Student's one-tailed t-test 
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APPENDIX F. SENTINEL ANIMAL PROGRAM 

I. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in op- 
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un- 
treated, and these animals and the study animals are both subject to identical environmental condi- 
tions. The sentinel animals come from the same production source and weanling groups as  the ani- 
mals used for the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex were selected at the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
were killed at 6,12, and 18 months on study. Data from animals surviving 24 months were collected 
from 5/50 randomly selected vehicle control animals of each sex and species. The blood from each ani- 
mal was collected and clotted, and the serum was separated. The serum was cooled on ice and shipped 
to Microbiological Associates’ Comprehensive Animal Diagnostic Service for determination of the 
viral antibody titers. The following tests were performed: 

Hemagglutination Complement 
Inhibition Fixation ELISA 

Mice PVM (pneumonia virus of mice) M. Ad. (mouse adenovirus) MHV (mouse hepatitis 
Reo 3 (reovirus type 3) LCM (lymphocytic chorio- virus) 
GDVII (Theiler’s encephalo- meningitis virus) 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai 

myelitis virus) 

Rats PVM 
KRV (Kilham rat  virus) 
H-1 (Toolan’s H-1 virus) 
Sendai 

II. Results 

Results are presented in Table F1. 
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TABLE F1. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
GAVAGE STUDIES OF TRIBROMOMETHANE (a) 

Number of 
Interval (months) Animals 

Positive Serologic 
Reaction for 

RATS 

6 

12 

18 

24 

MICE 

6 

12 

18 

24 

8/10 

9/10 
(b) 1/10 

4/10 
8/10 

8/10 
3/10 

.- 

RCV 

RCV 
Sendai 

KRV 
RCV 

RCV 
KRV 

None positive 

None positive 

None positive 

None positive 

(a) Blood samples were taken from sentinel animals a t  6,12, and 18 months after the start of dosing and from the vehicle control 
animals just before they were killed; samples were sent to Microbiological Associates (Bethesda, MD) for determination of anti- 
body titers. 
(b) May be considered a false positive 
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TABLE G1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent by Weight 

Ground 1 2  yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
Soy oil 
Dried brewer’s yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(a) NCI, 1976b; NIH, 1978 
(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE G2. VITAMINS AND MINERALS IN NIH 07 RATION (a) 

Amount Source 

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 

Pyridoxine 
Biotin 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

812 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 

10.0 g 
4,000 pg 

1.7 g 
140.0 mg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4 g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganqus oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 lb) of finished product 
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TABLE G3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Nutrients Mean f Standard Deviation Range Number of Samples 

Crude protein (percent by weight) 24.25 f 1.04 
Crude fat (percent by weight) 5.10 f 0.44 
Crude fiber (percent by weight) 3.38 f 0.38 
Ash (percent by weight) 6.59 f 0.34 

Amino Acids (percent of total diet) 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

1.323 f 0.830 
0.310 f 0.099 
1.155 f 0.069 
0.572 f 0.030 
0.910 f 0.033 
1.949 f 0.065 
1.275 f 0.076 
0.422 f 0.187 
0.909 f 0.167 
0.844 f 0.029 

0.187 
0.631 f 0.094 
1.11 f 0.050 

Essential Fatty Acids (percent  of total diet) 

Linoleic 
Linolenic 
Arachidonic 

Vitamins 

Vitamin A (IUkg) 
Vitamin D (IUkg) 
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
F'yridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B,* (ppb) 
Choline (ppm) 

Minerals 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

2.44 
0.274 
0.008 

11,188 f 1,239 
4,650 

41.53 f 7.52 
16.2 f 2.3 
7.5 f 0.96 

85.0 f 14.2 
29.3 f 4.6 
7.6 f 1.5 
2.8 f 0.88 

0.27 f 0.05 
21.0 f 11.9 

3,302.0 f 120.0 

1.23 f 0.12 
0.97 f 0.06 

0.862 f 0.100 
0.546 f 0.100 
0.311 f 0.038 
0.169 f 0.133 
0.316 f 0.070 
447.0 f 57.3 
90.6 f 8.20 
53.6 f 5.27 

10.77 k 3.19 
2.95 k 1.05 
1.81 f 0.28 
0.68 f 0.14 

22.6-26.3 
4.4-6.0 
2.4-4.2 

5.97-7.42 

1.21-1.39 
0.218-0.400 

1.06- 1.21 
0.530-0.603 
0.881-0.944 

1.85- 1.99 
1.20-1.37 

0.306-0.699 
0.665-1.04 

0.824-0.886 
0.171-0.211 
0.566-0.769 

1.05-1.17 

2.37-2.52 
0.256-0.308 

8,900-14,000 
3,000-6,300 
3 1.1-48.9 
12.0-21 .o 
6.1-8.2 

65.0-97.0 
23.0-34.0 

5.6-8.8 
1.8-3.7 

0.21-0.32 
11.0-38.0 

3,200.0-3,430.0 

1.10-1.53 
0.84-1.10 

0.772-0.974 
0.442-0.635 
0.258-0.350 
0.151-0.181 
0.270-0.420 
409.0-523.0 
81.7-95.5 
46.1-58.6 
8.09- 15.39 
1.52-3.82 
1.44-2.09 
0.49-0.80 

24 
24 
24 
24 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
4 

3 
3 
1 

24 
2 
4 

(b) 23 
4 
4 
4 
4 
4 
4 
4 
4 

24 
24 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

(a) One to four batches of feed analyzed for nutrients reported in this table were manufactured during 1983-85. 
(b) One batch (7/22/81) not analyzed for thiamine 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminants Mean k Standard Deviation Range Number of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (a) 
Selenium (ppm) 

Aflatoxins (ppb) (a,b) 

Nitrate nitrogen (ppm) (c) 
Nitrite nitrogen (ppm) (c) 
BHA (ppm) (d) 
BHT (ppm) (d) 

Aerobic plate count (CFUIg) (e) 
Coliform (MPN/g) (D 
E. coli (MPNlg) (g) 
E. coli (MPNlg) (h) 

Total nitrosamines (ppb) (iJ) 
Total nitrosamines (ppb) (i,k) 
N-Nitrosodimethylamine (ppb) (i,l) 
N-Nitrosodimethylamine (ppb) (i,m) 
N-Nitrosopyrrolidine (ppb) 

Pesticides (ppm) 

a-BHC (a,n) 
B-BHC (a) 
y-BHC-Lindane (a) 
S-BHC (a) 
Heptachlor (a) 
Aldrin (a) 
Heptachlor epoxide (a) 
DDE ( 0 )  
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor (p) 
Dieldrin (a) 
Endrin (a) 
Telodrin (a) 
Chlordane (a) 
Toxaphene (a) 
Estimated PCBs (a) 
Ronnel (a) 
Ethion (a) 
Trithion (a) 
Diazinon (a) 
Methyl parathion (a) 
Ethyl parathion (a) 
Malathion (q) 
Endosulfan I (a& 
Endosulfan II (a& 
Endosulfan sulfate (a,r) 

0.44 f 0.14 
co.1 

1.03 f 0.75 
< 0.05 

0.27 f 0.05 

c 10 

9.35 f 4.35 
1.97 f 1.28 
5.83 f 5.12 
3.42 f 2.57 

105,438 f 75,797 
1,046 f 973 

8.0 f 7.91 
13.92 f 30.00 

5.13 f 4.47 
13.11 f 27.39 
3.82 f 4.29 

11.71 f 27.03 
1.21 f 0.66 

<0.01 
c0.02 
co.01 
co.01 
co.01 
co.01 
<0.01 
<0.01 
co.01 
co.01 
co.01 
<0.01 

0.05 
co.01 
co.01 
co.01 

0.05 
co.1 
<0.2 
co.01 
c 0.02 
C0.05 
co.1 
c0.02 
<0.02 

0.08 f 0.06 
co.01 
co.01 
C0.03 

CO.21-0.93 

0.27-2.93 

0.16-0.40 

C5.0-10.0 

0.6-18.0 
0.4-5.3 
0.4-20.0 

C 1 .O-13.0 

7,000-300.000 
< 3-2.400 

C3-23 
C3-150 

C 1.2-18.8 
C1.2-101.6 

0.6-16.8 
0.6-99 

<0.3-2.4 

0.05 (7/14/81) 

0.13 (8/25/81); 0.6 (6/29/82) 

CO.06-0.25 

24 
24 
24 
24 
24 

24 

24 
24 
24 
24 

24 
24 
23 
24 

22 
24 
22 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
14 
14 
14 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

(a) All values were lese than the detection limit, given in the table as the mean. 
(b) The detection limit was reduced from 10 ppb to 5 ppb after 7/81. 
(c) Source of contamination: alfalfa, grains, and fish meal 
(d) Source of contamination: soy oil and fish meal 
(e) CFU = colony-forming unit 
(0 MPN =most probable number 
(g) Mean, standard deviation, and range exclude one value of 150 obtained for the batch produced on 8/26/82. 
(h) Mean, standard deviation, and range include the high value listed in footnote (B). 
(i) All values were corrected for percent recovery. 
c j )  Mean, standard deviation, and range exclude two very high values of 101.6 and 100.3 ppb obtained for batches produced on 
1/26/81 and 4/27/81. 
(k) Mean, standard deviation, and range include the very high values given in (j). 
(1) Mean, standard deviation, and range exclude the very high values of 97.9 and 99 obtained for batches produced on 1/26/81 
and 4/27/81, 
(m) Mean, standard deviation, and range include the very high values given in (1). 
(n) BHC = hexachlorocyclohexane or benzene hexachloride 
(0) There was one observation above the detection limit; the value and date it was obtained are  given under the range. 
(p) There were two observations above the detection limit; the values and dates they were obtained are given under the range. 
(q). Eleven batches contained more than 0.06 ppm. 
(r) Analysis started on 12/23/81 
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APPENDIX H. AUDIT SUMMARY 

The pathology specimens, experimental data, study documents, and preliminary draft (August 1987) 
of NTP Technical Report No. 350 for the 2-year studies of tribromomethane in rats and mice were au- 
dited for the NIEHS at the NTP Archives during August 1987 by Argus Research Laboratories, Inc. 
The audit included review of: 

All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 
All inlife records including protocol, correspondence, animal husbandry, environmental con- 
ditions, dosing, external masses, mortality, animal identification, and serology. 
Body weight and clinical observation data for a random 10% sample of animals in each study 
group. 
All chemistry records. 
All postmortem records for individual animals concerning disposition codes, condition codes, 
tissue accountability, correlation of masses or clinical signs recorded a t  the last inlife observa- 
tion with gross observations and microscopic diagnoses, and correlations between gross obser- 
vations and microscopic diagnoses. 
All wet tissue bags for inventory and wet tissues from a random 20% sample of animals in all 
study groups, plus other relevant cases to verify animal identity and to examine for un- 
trimmed potential lesions. 
Blocks and slides of tissues from a random 20% sample of animals from each study group to 
examine for proper match and inventory. 
All red-lined diagnoses on the intermediate pathology table to verify incorporation of changes 
into the final tables. 
Correlation between the data, results, and procedures for the 2-year studies presented in the 
preliminary draft of the Technical Report and the records available a t  the NTP Archives. 

The audit showed that inlife procedures and events were documented by archival records with some 
minor exceptions. The disposition of surplus animals; frequency for changing feeders, cages, and 
racks; twice daily cage checks; light cycle checks; and airflow exchange measurements were not docu- 
mented other than in the laboratory’s final report. Doses were prepared and administered to animals 
properly except for two overdosing incidents that were documented properly. Of the masses noted in 
the inlife records, 61/63 in rats and 89/94 in mice were correlated with necropsy observations. 

Audit of the pathology specimens showed that identzers (punched ears) were present and correct in 
the tissue bags for 64/65 rats and 67/67 mice examined. The ear of one rat had one marking removed 
so that a potential lesion could be processed for histopathologic examination. Tissue bags were absent 
for two mice. The audit identified untrimmed potential lesions in nontarget organs in one rat and one 
mouse and found that the gastrointestinal tract was not cut open or only partially opened in the ma- 
jority of animals examined. Consequently, the intestines of all rats and mice in these studies were ex- 
amined grossly, and sections of untrimmed potential neoplasms were evaluated. These results are in- 
cluded in this Technical Report. Other audit findings were reviewed and judged to have no adverse 
impact on interpretation of the pathology data. 

Full details about these and other audit findings are presented in the audit reports, which are on file 
at the NIEHS. In conclusion, the data and results presented in the draft Technical Report for the 2- 
year gavage studies of tribromomethane are supported by the records a t  the NTP Archives. 
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